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APPENDIX A 
 

STAKEHOLDER CONSULTATION AND CORRESPONDENCE 
PART 5 



From: stuart
To: Kelly Miller
Cc: Gerrit Jobsis
Subject: Re: Follow-up from Recreational Flows Focus Group
Date: Thursday, January 15, 2015 5:04:10 PM

body{font-size:10pt;font-family:arial,sans-serif;background-color:#ffffff;color:black;}p{margin:0px;}

Kelly:  Thank you for the email.  There were two comments that I neglected to make at our meeting and
would like to submit them to you:

1)  A few years ago, Joey Holleman wrote an article in the State Newspaper describing a potential
paddle.  He suggested starting at the Peak Landing, paddling upstream to the dam, then downstream on
river-left to the trestle and back up to Peak Landing on river-right.  This would be a great paddle, but not
possible at low water levels.  If a relatively small amount of water were spilled at the west end of the dam,
this float would be possible.

 2) Your proposed portage around the west side of the dam would be a tough one, since that is the "dry
side".  If a small amount of water could be spilled there, the portage would be possible.

Thanks, Stuart

 

-----Original Message----- 
From: Kelly Miller 
Sent: Jan 7, 2015 4:46 PM 
To: "sgreeter77@earthlink.net" 
Subject: Follow-up from Recreational Flows Focus Group 

Hi Stuart,

I hope you had a nice holiday season! At the Recreational Flows Focus Group I told you I would send you
the map that shows where the proposed canoe portage is located at Parr Dam. This map is attached.
Also, the website for the Parr Relicensing Project is www.parrfairfieldrelicense.com. At this website, you
can find all of the study plans we have developed for the Project, including the Recreation Use and Needs
Study Plan and the Recreational and Navigational Flows study plans.

If you have any questions on the Project, or would ever like to be added to a distribution list, where you
will receive documents and meeting invites, just let me know.

Thanks!
Kelly

Kelly Miller
Regulatory Coordinator
[cid:image001.gif@01D02A99.74BE8430]
Office: 803.462.5633
www.KleinschmidtGroup.com

mailto:sgreeter77@earthlink.net
mailto:Kelly.Kirven@KleinschmidtGroup.com
mailto:gjobsis@americanrivers.org


From: Edye Joyner
To: Kelly Miller
Subject: Re: Follow-up from Recreational Flows Focus Group
Date: Thursday, January 08, 2015 8:00:16 AM

Thank you Kelly.  Please add me to the meeting invites/distribution lists; I am very
interested in the process and want to be a responsible and active river advocate.  I passed
along to Karen Kustafik that I thought the meeting was productive, informative, and a
positive step in cooperative efforts amongst diverse groups.

edye

---- On Wed, 07 Jan 2015 16:49:35 -0500 Kelly
Miller<Kelly.Miller@KleinschmidtGroup.com> wrote ---- 

Hi Edye,

 

I hope you had a nice holiday season!  At the Recreational Flows Focus Group I told you I
would send you the map that shows where the proposed canoe portage is located at Parr
Dam.  This map is attached.  Also, the website for the Parr Relicensing Project is
www.parrfairfieldrelicense.com.  At this website, you can find all of the study plans we
have developed for the Project, including the Recreation Use and Needs Study Plan and
the Recreational and Navigational Flows study plans.

 

If you have any questions on the Project, or would ever like to be added to a distribution
list, where you will receive documents and meeting invites, just let me know.

 

Thanks!

Kelly

 

Kelly Miller

Regulatory Coordinator

Office: 803.462.5633

http://www.kleinschmidtusa.com/
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From: stuart
To: Kelly Miller
Cc: Gerrit Jobsis
Subject: Re: Follow-up from Recreational Flows Focus Group
Date: Thursday, January 15, 2015 5:04:10 PM

body{font-size:10pt;font-family:arial,sans-serif;background-color:#ffffff;color:black;}p{margin:0px;}

Kelly:  Thank you for the email.  There were two comments that I neglected to make at our meeting and
would like to submit them to you:

1)  A few years ago, Joey Holleman wrote an article in the State Newspaper describing a potential
paddle.  He suggested starting at the Peak Landing, paddling upstream to the dam, then downstream on
river-left to the trestle and back up to Peak Landing on river-right.  This would be a great paddle, but not
possible at low water levels.  If a relatively small amount of water were spilled at the west end of the dam,
this float would be possible.

 2) Your proposed portage around the west side of the dam would be a tough one, since that is the "dry
side".  If a small amount of water could be spilled there, the portage would be possible.

Thanks, Stuart

 

-----Original Message----- 
From: Kelly Miller 
Sent: Jan 7, 2015 4:46 PM 
To: "sgreeter77@earthlink.net" 
Subject: Follow-up from Recreational Flows Focus Group 

Hi Stuart,

I hope you had a nice holiday season! At the Recreational Flows Focus Group I told you I would send you
the map that shows where the proposed canoe portage is located at Parr Dam. This map is attached.
Also, the website for the Parr Relicensing Project is www.parrfairfieldrelicense.com. At this website, you
can find all of the study plans we have developed for the Project, including the Recreation Use and Needs
Study Plan and the Recreational and Navigational Flows study plans.

If you have any questions on the Project, or would ever like to be added to a distribution list, where you
will receive documents and meeting invites, just let me know.

Thanks!
Kelly

Kelly Miller
Regulatory Coordinator
[cid:image001.gif@01D02A99.74BE8430]
Office: 803.462.5633
www.KleinschmidtGroup.com

mailto:sgreeter77@earthlink.net
mailto:Kelly.Kirven@KleinschmidtGroup.com
mailto:gjobsis@americanrivers.org


From: Jon Durham
To: Alison Jakupca; harkinsg@dnr.sc.gov; rmills84@hotmail.com; Jennings, Jason E -FS; stokess@dnr.sc.gov; Bill

Marshall; edcole67@gmail.com
Cc: BARGENTIERI@scana.com; Henry Mealing; Kelly Miller; "BOOZER, THOMAS C"
Subject: Re: Draft Waterfowl Focus Group Meeting Summary
Date: Sunday, January 25, 2015 6:17:37 PM

Hello everyone,
A couple of things I would contribute.
- In the "Personal Preferences" bullet points, Keitts Bridge appears to be referenced as being on Parr
Resevoir. That landing is on the Enoree, upriver of the Enoree Waterfowl Area.
- In the "Project Area Preference and Needs" bullet points, there is a reference to the foot bridge bridge in
the Enoree Waterfowl Area. That bridge already exist. The conversation was about the fact that the
bridge may be contributing to the over - crowding issue in the area. It does provide easier access to the
far side of the area. Previously, that area was a long walk around the impoundment. Now wading to that
area is possible because the foot bridge gets you over the creek channel out in the middle of the water.
- In the "Project Area Preference and Needs" bullet points, there is mention of "impoving hunting
opportunities" regarding the SCE&G property upstream of the Enoree Waterfowl Area. To be clear, the
intent of the suggested enhancements to the area is to restore wetland habitat for waterfowl and other
wetland dependant organisms.... critters. With it's proximity to the Enoree Waterfowl Area, it is possible
that the improved area would be a sanctuary. While this would contribute to overall habitat, I am not sure
it directly contributes to "huinting opportunities". Waterfowl hunters have long correlated habitat
conservation and restoration with sustaining populations condusive to hunting, but the two efforts are
distinct.
Chris, Ed, Rawls and I had a good wood duck shoot in a bottom off the Enoree to close the season. Over
all, I had a good season, wood duck numbers were great up and down the Tyger and Enoree, heard there
were some numbers of mallards in the Tyger River area. The Enoree Waterfowl area seemed less
crowded, I had a good day in there during December with wood ducks, mallards, some mergansers. I
hope the rest of you had an enjoyable season as well.
Jon Durham
(803) 271 6701
----- Original Message -----

From: Alison Jakupca
To: harkinsg@dnr.sc.gov ; rmills84@hotmail.com ; Jon Durham ; Jennings, Jason E -FS ; Sam Stokes
(stokess@dnr.sc.gov) ; Bill Marshall ; edcole67@gmail.com
Cc: BARGENTIERI@scana.com ; Henry Mealing ; Kelly Miller ; 'BOOZER, THOMAS C'
Sent: Friday, January 23, 2015 4:24 PM
Subject: Draft Waterfowl Focus Group Meeting Summary

Good Afternoon All,
I trust that everyone had a nice Christmas and New Years. Attached is a meeting summary from
the December 9th Waterfowl Focus Group that you attended. Please let me know if you have any
corrections, or if there are any additions that you would like to make. Any new additions will be
added to the end of the summary as "Comments Submitted Subsequent to the Meeting". If you
have any corrections or additions, please let me know by February 6th. At that time these notes
will become final.
Thank you again for your participation at this focus group. We will certainly let you know in
advance of any future waterfowl focus group meetings. Have a wonderful weekend. Alison
Alison Jakupca
Regulatory Coordinator
Kleinschmidt Associates
Office: 803.462.5628
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From: Shane Boring
To: Gerrit Jobsis; Kelly Miller; Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall (marshallb@dnr.sc.gov); Bill

Stangler (CRK@congareeriverkeeper.org); Brandon Kulik; BRESNAHAN, AMY; Byron Hamstead
(Byron_hamstead@fws.gov); Chad Altman (altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov);
Frank_Henning@nps.gov; Fritz Rohde (Fritz.Rohde@noaa.gov); Greg Mixon (mixong@dnr.sc.gov); Henry
Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Karla Reece (Karla.Reece@noaa.gov); Kerry Castle
(castlek@dnr.sc.gov); Ley, Amanda; Pace Wilber (Pace.Wilber@noaa.gov); rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Ron Ahle; Rusty Wenerick
(weneriwr@dhec.sc.gov); Scott Harder; Steve Summer; STUTTS, BRANDON G; Tom McCoy
(thomas_mccoy@fws.gov)

Subject: RE: IFIM Memo
Date: Wednesday, April 22, 2015 5:00:58 PM

Gerrit,
 
Thank you for your comments; sorry I’m just getting you a response.  In regards to your first
comment on the high calibration flows, Jon Quebbeman – our IFIM Team Hydrologist, has
provided the following explanation:
 

I reviewed Gerrit’s comments and request for modeling flows up to 20,000 cfs. As he
notes, the higher flow is an ‘estimate’ of habitat; this flow rate cannot be verified with
transects and velocity measurements, and only stage records of higher flow pulses
(subject to hysteresis) may be used to assist in model calibration. Fortunately, these
sites are well studied, and high-quality hypsographic information is available for model
construction, increasing confidence in model results, including wetted perimeter
estimates. Although focus on model calibration and verification will be at lower flow
rates, running models at these extrapolated conditions is still feasible.

 
I discussed your second comment regarding use of the wetted perimeter
results at the Transect above Haltiwanger with Brandon.  He indicates that the
wetted perimeter information at Haltiwanger would be used no differently
than at other wetted perimeter transects in that it will be used to develop a
flow/stage relationship which can be used to predict the % of habitat wetted at
various discharge levels. This at least gives us some measure of habitat without
forcing the transect data into a model that won’t provide a meaningful output.
Keep in mind that the habitat suitability should be well characterized by the
transects adjacent to Haltiwanger Island in each of the 2 channels, as well as
upstream at Study Site 7.    
 
I have distributed this response to remainder of the TWC to make certain that
others do not have additional recommendations regarding the use of the
wetted perimeter transect data at Haltiwanger.
 
 
Shane Boring
Environmental Scientist
Office: 803.462.5625
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From: Gerrit Jobsis [mailto:gjobsis@americanrivers.org] 
Sent: Monday, April 06, 2015 12:06 PM
To: Kelly Miller; Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall (marshallb@dnr.sc.gov); Bill
Stangler (CRK@congareeriverkeeper.org); Brandon Kulik; BRESNAHAN, AMY; Byron Hamstead
(Byron_hamstead@fws.gov); Chad Altman (altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov);
Frank_Henning@nps.gov; Fritz Rohde (Fritz.Rohde@noaa.gov); Greg Mixon (mixong@dnr.sc.gov); Henry
Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Karla Reece (Karla.Reece@noaa.gov); Kerry
Castle (castlek@dnr.sc.gov); Ley, Amanda; Pace Wilber (Pace.Wilber@noaa.gov); rammarell@scana.com;
Randy Mahan (randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Ron Ahle; Rusty
Wenerick (weneriwr@dhec.sc.gov); Scott Harder; Shane Boring; Steve Summer; STUTTS, BRANDON G;
Tom McCoy (thomas_mccoy@fws.gov)
Subject: RE: IFIM Memo
 
Kelly,
 
I have reviewed the memo and have the following comments.

·         I am fine with using the 9,800 cfs level logger WSEL data as a surrogate for 10,000 cfs and
adding a 6,000 cfs WSEL.  This is with the understanding that the 400 cfs and 2,000 cfs
WSELs will still be collected and that we find a way to use the 6,000 cfs and 9,800 cfs WSELs
to provide an estimate habitat availability up to our target of 20,000 cfs. As the graph below
shows, project operations can affect flows between 15,000 and 20,000 cfs.

·         I understand the problem with lateral flows and PHABSIM transect data.  The collection of a
wetted perimeter transect will be useful.  I recommend the TWC discuss and reach
agreement on how best to use the WP information at an upcoming meeting.

Gerrit
 

_____________________________________________
Gerrit Jöbsis, American Rivers
Senior Director, Southeast Conservation Programs
215 Pickens Street
Columbia, SC 29205
(O) 803.771.7114     (C) 803.546.7926
 

Communities removed 72 dams in 2014, restoring 730 miles of rivers! How many were removed
in your state? www.AmericanRivers.org/2014DamRemovals 
Please consider the environment before printing this e-mail.
.
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From: Kelly Miller [mailto:Kelly.Miller@KleinschmidtGroup.com] 
Sent: Tuesday, March 24, 2015 5:04 PM
To: Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler
(CRK@congareeriverkeeper.org); Brandon Kulik; BRESNAHAN, AMY; Byron Hamstead
(Byron_hamstead@fws.gov); Chad Altman (altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov);
Frank_Henning@nps.gov; Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis; Greg Mixon
(mixong@dnr.sc.gov); Henry Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Karla Reece
(Karla.Reece@noaa.gov); Kelly Miller; Kerry Castle (castlek@dnr.sc.gov); Ley, Amanda; Pace Wilber
(Pace.Wilber@noaa.gov); rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy
mahan (rmahan@sc.rr.com); Ron Ahle; Rusty Wenerick (weneriwr@dhec.sc.gov); Scott Harder; Shane
Boring; Steve Summer; STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)
Subject: IFIM Memo
 
All,
 
Attached is a memo with progress updates on IFIM study activities.  Please note that two changes to
the study methodology are proposed in the memo.  Please provide concurrence or your reason for

not concurring with recommended changes by April 3rd.   
 
Thanks,
Kelly
 
Kelly Miller
Regulatory Coordinator

Office: 803.462.5633
www.KleinschmidtGroup.com
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From: Jeff Carter
To: Kelly Miller
Cc: randy mahan (rmahan@sc.rr.com) ; Erich Miarka (erich.miarka@gillscreekwatershed.org) ; Robert Stroud

(StroudR@dnr.sc.gov) ; Mark Davis; Alison Jakupca; Steve Summer; Malcolm Leaphart (mwleapjr@att.net) ;
btrump@scana.com; Frank_Henning@nps.gov ; J. Hagood Hamilton Jr. (jhamilton@scana.com); Pace Wilber
(Pace.Wilber@noaa.gov); Bill Marshall (marshallb@dnr.sc.gov) ; William Hendrix (HendrixWB@dot.state.sc.us);
Edye Joyner; Dick Christie (dchristie@comporium.net); Chuck Hightower (hightocw@dhec.sc.gov); Scott Collins
(secollins@scana.com) ; Wayne and Ginny Boland (wayneboland@bellsouth.net); John Fantry
(jfantry@bellsouth.net); STUTTS, BRANDON G ; Bill Stangler (CRK@congareeriverkeeper.org) ; Henry Mealing;
Greg Mixon (mixong@dnr.sc.gov) ; Rusty Wenerick (weneriwr@dhec.sc.gov) ; Jaclyn Daly
(Jaclyn.Daly@noaa.gov); Gerrit Jobsis (gjobsis@americanrivers.org) ; BRESNAHAN, AMY; Merrill McGregor
(merrillm@scccl.org); Joe Wojcicki; Jon Durham (jondurham@bellsouth.net); Byron Hamstead
(Byron_hamstead@fws.gov); ARGENTIERI, WILLIAM R; rammarell@scana.com ; Lorianne Riggin
(RigginL@dnr.sc.gov) ; Jay Maher; Charlene Coleman (cheetahtrk@yahoo.com); David Haddon
(dhaddon@scana.com); tboozer@scana.com; Corbin Johnson (Corbin.Johnson@scana.com); Randy Mahan
(randolph.mahan@scana.com)

Subject: Re: draft LLM TWC meeting notes - 8/20/15
Date: Monday, September 14, 2015 7:49:56 PM

Kelly, I was unable to attend the meeting but would like to request clarification of WMA
property within the PBL. Although I fully support no hunting above Highway 34 which is my
current understanding, however, there appears to be a question as to if the entire Parr
Reservoir is or is not WMA.

Please refer to page 71 of the SCDNR 2015-2016 Hunting & Fishing Regulation Guide and it
identifies the entire 4,400 aces within WMA.

Additionally, I visited the State Office of DNR and was informed by a Law Enforcement
Officer that they allow hunting on all PBL property above 
Hwy. 34. My question is as follows; Does all PBL property north of Highway 34 considered
within the designated SCWMA and therefore available to be hunted by the public?

Would you allow this to be part of the follow up from the meeting held August 20, 2015? 

Sent from my Verizon Wireless 4G LTE Tablet

On Sep 14, 2015 4:23 PM, Kelly Miller wrote:
All,
Attached are the draft notes from our LLM TWC meeting held on August 20, 2015. Please review

and return any edits or comments to me by Friday, September 25th.
Thanks,
Kelly
Kelly Miller
Regulatory Coordinator

Office: 803.462.5633
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From: Hendrix, William B.
To: Kelly Miller; Jeff Carter
Cc: randy mahan (rmahan@sc.rr.com) ; Erich Miarka (erich.miarka@gillscreekwatershed.org) ; Robert Stroud

(StroudR@dnr.sc.gov) ; Mark Davis; Alison Jakupca; Steve Summer; Malcolm Leaphart (mwleapjr@att.net) ;
btrump@scana.com; Frank_Henning@nps.gov ; J. Hagood Hamilton Jr. (jhamilton@scana.com); Pace Wilber
(Pace.Wilber@noaa.gov); Bill Marshall (marshallb@dnr.sc.gov) ; Edye Joyner; Dick Christie
(dchristie@comporium.net); Chuck Hightower (hightocw@dhec.sc.gov); Scott Collins (secollins@scana.com) ;
Wayne and Ginny Boland (wayneboland@bellsouth.net); John Fantry (jfantry@bellsouth.net); STUTTS,
BRANDON G ; Bill Stangler (CRK@congareeriverkeeper.org) ; Henry Mealing; Greg Mixon (mixong@dnr.sc.gov) ;
Rusty Wenerick (weneriwr@dhec.sc.gov) ; Jaclyn Daly (Jaclyn.Daly@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org) ; BRESNAHAN, AMY; Merrill McGregor (merrillm@scccl.org); Joe Wojcicki; Jon
Durham (jondurham@bellsouth.net); Byron Hamstead (Byron_hamstead@fws.gov); ARGENTIERI, WILLIAM R;
rammarell@scana.com ; Lorianne Riggin (RigginL@dnr.sc.gov) ; Jay Maher; Charlene Coleman
(cheetahtrk@yahoo.com); David Haddon (dhaddon@scana.com); tboozer@scana.com; Corbin Johnson
(Corbin.Johnson@scana.com); Randy Mahan (randolph.mahan@scana.com)

Subject: RE: draft LLM TWC meeting notes - 8/20/15
Date: Thursday, September 17, 2015 9:17:52 AM

Kelly, I am somewhat confused by your reply to Mr. Carter. It was my recollection of the meeting
that this matter of public hunting on Non-WMA property was covered by the revision that was made
during the meeting to Paragraph 6.2.2 (Hunting) of the Parr SMP. As you will recall, during the
meeting I pointed out that the paragraph was not accurate as written as there is hunting on SCE&G
lands that are not designated WMA, as SCE&G currently leases the land within the PBL north of Hwy.
34 to its employees for hunting. It was my recollection that Bill revised the paragraph to read “Public
Hunting is not allowed…” Is this not the case? Can you please forward this page with the tracking
changes shown?
I think there is certainly such a degree of confusion in regards to the lands within the PBL above
Hwy. 34 that warrant making this topic an agenda item for the next meeting. I would think the
committee would certainly want to produce a final product free of any “gray areas.”
Thank you.
Billy Hendrix

From: Kelly Miller [mailto:Kelly.Miller@KleinschmidtGroup.com] 
Sent: Wednesday, September 16, 2015 10:23 AM
To: Jeff Carter
Cc: randy mahan (rmahan@sc.rr.com) ; Erich Miarka (erich.miarka@gillscreekwatershed.org) ; Robert Stroud
(StroudR@dnr.sc.gov) ; Mark Davis; Alison Jakupca; Steve Summer; Malcolm Leaphart (mwleapjr@att.net) ;
btrump@scana.com; Frank_Henning@nps.gov ; J. Hagood Hamilton Jr. (jhamilton@scana.com); Pace Wilber
(Pace.Wilber@noaa.gov); Bill Marshall (marshallb@dnr.sc.gov) ; Hendrix, William B.; Edye Joyner; Dick Christie
(dchristie@comporium.net); Chuck Hightower (hightocw@dhec.sc.gov); Scott Collins (secollins@scana.com) ;
Wayne and Ginny Boland (wayneboland@bellsouth.net); John Fantry (jfantry@bellsouth.net); STUTTS, BRANDON G
; Bill Stangler (CRK@congareeriverkeeper.org) ; Henry Mealing; Greg Mixon (mixong@dnr.sc.gov) ; Rusty Wenerick
(weneriwr@dhec.sc.gov) ; Jaclyn Daly (Jaclyn.Daly@noaa.gov); Gerrit Jobsis (gjobsis@americanrivers.org) ;
BRESNAHAN, AMY; Merrill McGregor (merrillm@scccl.org); Joe Wojcicki; Jon Durham (jondurham@bellsouth.net);
Byron Hamstead (Byron_hamstead@fws.gov); ARGENTIERI, WILLIAM R; rammarell@scana.com ; Lorianne Riggin
(RigginL@dnr.sc.gov) ; Jay Maher; Charlene Coleman (cheetahtrk@yahoo.com); David Haddon
(dhaddon@scana.com); tboozer@scana.com; Corbin Johnson (Corbin.Johnson@scana.com); Randy Mahan
(randolph.mahan@scana.com) 
Subject: RE: draft LLM TWC meeting notes - 8/20/15
Mr. Carter,
Thank you for your comment regarding WMA lands within the Parr PBL. In order to fully and
accurately answer your question, we also consulted with Bill Marshall with SCDNR. Here is a
summary of the information we collected.
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Shoreline around the Nuclear Exclusion Zone and some other specific lands owned by SCE&G are
designated as part of the Property Watch Program, where SCE&G does not allow public hunting. This
is enforced by SCDNR. Currently, the land within the PBL upstream of Hwy 34 has not been
communicated to SCDNR as land that needs to be included in this program. However, if SCE&G does
not want to allow public hunting above Hwy 34, they can communicate this with SCDNR for
enforcement.
Right now, it appears that the lands in question are in a “gray area,” where they are not part of the
WMA (please see the SCDNR Map #4 attached), and they are also not included in the Property
Watch Program. Public hunting is not encouraged, but it is also not prohibited.
To answer your question, all PBL property north of Hwy 34 is not designated within South Carolina’s
WMA, however, it has also not been designated to SCDNR as an area where hunting is prohibited to
the public.
We will include your question and this response as part of the meeting notes record.
I hope this answers your question and if you have any further questions or comments, please let me
know. As always, we appreciate your continued participation in the Lake and Land Management
TWC, and the Parr Hydro Project Relicensing.
Thanks,
Kelly
Kelly Miller
Regulatory Coordinator

Office: 803.462.5633
www.KleinschmidtGroup.com

From: Jeff Carter [mailto:jmcarter00@sc.rr.com] 
Sent: Monday, September 14, 2015 7:50 PM
To: Kelly Miller <Kelly.Miller@KleinschmidtGroup.com>
Cc: randy mahan (rmahan@sc.rr.com) <rmahan@sc.rr.com>; Erich Miarka
(erich.miarka@gillscreekwatershed.org) <erich.miarka@gillscreekwatershed.org>; Robert Stroud
(StroudR@dnr.sc.gov) <StroudR@dnr.sc.gov>; Mark Davis <mddavis629@gmail.com>; Alison
Jakupca <Alison.Jakupca@KleinschmidtGroup.com>; Steve Summer <ssummer@scana.com>;
Malcolm Leaphart (mwleapjr@att.net) <mwleapjr@att.net>; btrump@scana.com
<btrump@scana.com>; Frank_Henning@nps.gov <Frank_Henning@nps.gov>; J. Hagood Hamilton Jr.
(jhamilton@scana.com) <jhamilton@scana.com>; Pace Wilber (Pace.Wilber@noaa.gov)
<Pace.Wilber@noaa.gov>; Bill Marshall (marshallb@dnr.sc.gov) <marshallb@dnr.sc.gov>; William
Hendrix (HendrixWB@dot.state.sc.us) <HendrixWB@dot.state.sc.us>; Edye Joyner
<edye@bteamkayaking.com>; Dick Christie (dchristie@comporium.net)
<dchristie@comporium.net>; Chuck Hightower (hightocw@dhec.sc.gov) <hightocw@dhec.sc.gov>;
Scott Collins (secollins@scana.com) <secollins@scana.com>; Wayne and Ginny Boland
(wayneboland@bellsouth.net) <wayneboland@bellsouth.net>; John Fantry (jfantry@bellsouth.net)
<jfantry@bellsouth.net>; STUTTS, BRANDON G <BSTUTTS@scana.com>; Bill Stangler
(CRK@congareeriverkeeper.org) <CRK@congareeriverkeeper.org>; Henry Mealing
<Henry.Mealing@KleinschmidtGroup.com>; Greg Mixon (mixong@dnr.sc.gov)
<mixong@dnr.sc.gov>; Rusty Wenerick (weneriwr@dhec.sc.gov) <weneriwr@dhec.sc.gov>; Jaclyn
Daly (Jaclyn.Daly@noaa.gov) <Jaclyn.Daly@noaa.gov>; Gerrit Jobsis (gjobsis@americanrivers.org)
<gjobsis@americanrivers.org>; BRESNAHAN, AMY <Amy.Bresnahan@scana.com>; Merrill McGregor
(merrillm@scccl.org) <merrillm@scccl.org>; Joe Wojcicki <bypas2000@yahoo.com>; Jon Durham
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(jondurham@bellsouth.net) <jondurham@bellsouth.net>; Byron Hamstead
(Byron_hamstead@fws.gov) <Byron_hamstead@fws.gov>; ARGENTIERI, WILLIAM R
<BARGENTIERI@scana.com>; rammarell@scana.com <rammarell@scana.com>; Lorianne Riggin
(RigginL@dnr.sc.gov) <RigginL@dnr.sc.gov>; Jay Maher <Jay.Maher@KleinschmidtGroup.com>;
Charlene Coleman (cheetahtrk@yahoo.com) <cheetahtrk@yahoo.com>; David Haddon
(dhaddon@scana.com) <dhaddon@scana.com>; tboozer@scana.com; Corbin Johnson
(Corbin.Johnson@scana.com) <Corbin.Johnson@scana.com>; Randy Mahan
(randolph.mahan@scana.com) <randolph.mahan@scana.com>
Subject: Re: draft LLM TWC meeting notes - 8/20/15

Kelly, I was unable to attend the meeting but would like to request clarification of WMA property within the PBL.
Although I fully support no hunting above Highway 34 which is my current understanding, however, there appears
to be a question as to if the entire Parr Reservoir is or is not WMA.

Please refer to page 71 of the SCDNR 2015-2016 Hunting & Fishing Regulation Guide and it identifies the entire
4,400 aces within WMA.

Additionally, I visited the State Office of DNR and was informed by a Law Enforcement Officer that they allow
hunting on all PBL property above 
Hwy. 34. My question is as follows; Does all PBL property north of Highway 34 considered within the designated
SCWMA and therefore available to be hunted by the public?

Would you allow this to be part of the follow up from the meeting held August 20, 2015? 

Sent from my Verizon Wireless 4G LTE Tablet

On Sep 14, 2015 4:23 PM, Kelly Miller <Kelly.Miller@KleinschmidtGroup.com> wrote:

All,
Attached are the draft notes from our LLM TWC meeting held on August 20, 2015. Please review

and return any edits or comments to me by Friday, September 25th.
Thanks,
Kelly
Kelly Miller
Regulatory Coordinator

Office: 803.462.5633
www.KleinschmidtGroup.com

mailto:jondurham@bellsouth.net
mailto:jondurham@bellsouth.net
mailto:Byron_hamstead@fws.gov
mailto:Byron_hamstead@fws.gov
mailto:BARGENTIERI@scana.com
mailto:rammarell@scana.com
mailto:rammarell@scana.com
mailto:RigginL@dnr.sc.gov
mailto:RigginL@dnr.sc.gov
mailto:Jay.Maher@KleinschmidtGroup.com
mailto:cheetahtrk@yahoo.com
mailto:cheetahtrk@yahoo.com
mailto:dhaddon@scana.com
mailto:dhaddon@scana.com
mailto:tboozer@scana.com
mailto:Corbin.Johnson@scana.com
mailto:Corbin.Johnson@scana.com
mailto:randolph.mahan@scana.com
mailto:randolph.mahan@scana.com
mailto:Kelly.Miller@KleinschmidtGroup.com
http://www.kleinschmidtusa.com/


From: cmccrary netsourcek12.com
To: Kelly Kirven
Subject: Re: Parr Reservoir waterfowl hunting
Date: Thursday, February 25, 2016 11:34:06 AM

Hey Kelly,

My apologies for the late response. I've been swamped lately.

A little back story on me, I'm a waterfowl hunter and fisherman from the Santee Cooper lakes
area. Over the last 6 years I've become really involved with Santee Cooper Electric Co-op,
SCDNR, and the Aquatic Plant Management Council (APMC) as an advocate for expansion of
native beneficial submersed aquatic vegetation (SAV) on the lakes for wildlife habitat. The
Santee Cooper lakes have a long history with SAV starting with hydrilla 25 years ago. Since
then our lakes have been a rollercoaster of up and down in terms of biological stability.

With the drought of 2008 a new native plant showed up on the scene down here. Vallisneria
Americana. Val is a native perennial SAV that is a top priority food source for all waterfowl.
It makes up 70% of the diet of canvasbacks wintering in the Chesapeake Bay. It's a vital food
source for other ducks such as gadwalls, pintails, widgeon, and ring-necked ducks.

As of now I am working with Santee Cooper to hopefully install some SAV enclosures this
summer to introduce vallisneria in some new areas of the lakes.

Call and speak to Larry McCord (Director of Analytical and Biological Services) at Santee
Cooper on vallisneria. He's a great guy and full of knowledge as it relates to aquatic plant
benefits for wildlife.

As for Parr -

I think that vallisneria would be perfect for the reservoir as a food source and for cover for
fish. It's a great filter plant that provides water clarity in the shallows. The backwater areas
such as Cannon's Creek and Heller's Creek would be great introduction test sites. There is a
diked area just south of the VC Summer water intake canal that would be a perfect
introduction site as well. Vallisneria is a shallow water plant that won't grow in waters deeper
than about 5ft so concerns about the intake canal don't apply.

Another idea - There are several ridges and islands that occur due east of Heller's creek and
run southeast down the reservoir towards the dam.

As of now, these islands are covered in cattails. A great benefit to waterfowl would be to burn
the islands and then re-seed them with native wild millets, bulrush, spikerush, button bush,
Pennsylvania smartweed, all important food sources for waterfowl and all other wildlife.

Parr could be one of the best waterfowl habitats in the state and we would love to help with
any labor needed to install enclosures and transplanting. I would love to be involved in any
upcoming meetings on this, and would like to involve SCDNR if possible.

There are many South Carolina hunters that would benefit from Parr's wintering waterfowl,
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and with Broad River WMA just up the river, if we add a vital food source to Parr, the
wintering waterfowl population would sky-rocket.

Not to mention what SAV would do for the fishery.

Please keep me involved, I would love to help.

Thanks

Clark McCrary

Carolina Waterfowl Syndicate

803-378-3250.

On February 18, 2016 at 1:21 PM Kelly Kirven wrote:

Hi Clark,

This email is just to follow up from our recent conversation about waterfowl
hunting on Parr Reservoir. Thank you for your feedback in response to our survey
efforts. We appreciate any and all information you can provide about waterfowl
hunting on the reservoir.

If you would like any additional information about the Parr Hydro Project
relicensing, please visit our website at www.parrfairfieldrelicense.com.

Thanks,

Kelly

Kelly Miller Kirven

Regulatory Coordinator

Office: 803.462.5633

Cell: 803.917.4528

www.KleinschmidtGroup.com
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From: Congaree Riverkeeper
To: Kelly Kirven
Cc: Alex Pellett (PellettC@dnr.sc.gov); Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall

(marshallb@dnr.sc.gov); BRESNAHAN, AMY; btrump@scana.com; Caleb Gaston (caleb.gaston@scana.com);
Charlene Coleman (cheetahtrk@yahoo.com); Chuck Hightower (hightocw@dhec.sc.gov); Dick Christie
(dchristie@comporium.net); Edye Joyner; Erich Miarka (erich.miarka@gillscreekwatershed.org);
Frank_Henning@nps.gov; Gerrit Jobsis (gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Henry
Mealing; J. Hagood Hamilton Jr. (jhamilton@scana.com); Jaclyn Daly (Jaclyn.Daly@noaa.gov); Jay Maher; Jeff
Carter (jmcarter00@sc.rr.com); Joe Wojcicki; John Fantry (jfantry@bellsouth.net); Jon Durham
(jondurham@bellsouth.net); Karen Swank Kustafik (kakustafik@columbiasc.net); Lorianne Riggin
(RigginL@dnr.sc.gov); Malcolm Leaphart (mwleapjr@att.net); Mark Davis; Merrill McGregor (merrillm@scccl.org);
Pace Wilber (Pace.Wilber@noaa.gov); rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com);
randy mahan (rmahan@sc.rr.com); Robert Stroud (StroudR@dnr.sc.gov); Rusty Wenerick
(weneriwr@dhec.sc.gov); Scott Collins (secollins@scana.com); Steve Summer; STUTTS, BRANDON G;
tboozer@scana.com; Wayne and Ginny Boland (wayneboland@bellsouth.net); William Hendrix
(HendrixWB@dot.state.sc.us)

Subject: Re: draft Downstream Navigational Flow Assessment
Date: Friday, April 15, 2016 6:32:25 PM
Attachments: CRK - Navigational Flow Assessment Comments.pdf

Congaree Riverkeeper's comments on the Downstream Navigational Flow Assessment are
attached.

-- 
Bill Stangler
Congaree Riverkeeper

On Fri, Apr 1, 2016 at 10:36 AM, Kelly Kirven <Kelly.Kirven@kleinschmidtgroup.com>
wrote:

Good morning,

Attached is the draft Downstream Navigational Flow Assessment. Please review and submit
any comments or edits by Friday, April 15th. We will discuss this document at the upcoming
Recreation TWC meeting, to be scheduled for some time in May.

Thanks,

Kelly

Kelly Miller Kirven

Regulatory Coordinator

Office: 803.462.5633

Cell: 803.917.4528

www.KleinschmidtGroup.com
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Post Office Box 5294 • Columbia, South Carolina  29250 


(803) 760-3357 • www.congareeriverkeeper.org   


 


April 15, 2016 


 


Attn: Bill Argentieri 


South Carolina Electric & Gas Company 


  


Re: Downstream Navigational Flow Assessment – Parr Hydroelectric Project 


 


Mr. Argentieri, 


 


The following comments are in response to the Downstream Navigational Flow Assessment that 


was prepared as part of the relicensing of the Parr/Fairfield hydroelectric projects and was sent to 


members of the Recreation Technical Working Committee on April 1
st
. 


 


 The transects used to determine navigability of a shoal should not follow a straight line, 


but rather should follow the top of the shoal (the shallowest area) to better reflect the 


possible blockages to navigation.  We suggest the committee make an effort to verify the 


results by attempting to actually navigate the shoals at the recommended flows. 


 


 The assessment states that a flow of 1,000 cfs meets the established criteria for navigation 


at ledge two, but goes on to recommend a navigational minimum flow of 500 cfs which 


the assessment clearly states does not meet the criteria.  The assessment should not 


include a recommendation the author feels “should be more than sufficient” when we 


have clearly defined criteria to determine navigability. 


 


 Additionally, as there should be supplementary data available from the IFIM study we 


recommend navigational flows be assessed at other sites including the Bookman Shoals 


area suggested by the DNR. 


 


As we continue to review the assessment and the stage-discharge rating curves used in the 


analysis we may have additional questions or comments. 


 


Thank you. 


 


Sincerely, 


 
Bill Stangler 


Congaree Riverkeeper 







From: Gerrit Jobsis
To: Kelly Kirven; Alex Pellett (PellettC@dnr.sc.gov); Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall

(marshallb@dnr.sc.gov); Bill Stangler (CRK@congareeriverkeeper.org); BRESNAHAN, AMY; btrump@scana.com;
Caleb Gaston (caleb.gaston@scana.com); Charlene Coleman (cheetahtrk@yahoo.com); Chuck Hightower
(hightocw@dhec.sc.gov); Dick Christie (dchristie@comporium.net); Edye Joyner; Erich Miarka
(erich.miarka@gillscreekwatershed.org); Frank_Henning@nps.gov; Greg Mixon (mixong@dnr.sc.gov); Henry
Mealing; J. Hagood Hamilton Jr. (jhamilton@scana.com); Jaclyn Daly (Jaclyn.Daly@noaa.gov); Jay Maher; Jeff
Carter (jmcarter00@sc.rr.com); Joe Wojcicki; John Fantry (jfantry@bellsouth.net); Jon Durham
(jondurham@bellsouth.net); Karen Swank Kustafik (kakustafik@columbiasc.net); Lorianne Riggin
(RigginL@dnr.sc.gov); Malcolm Leaphart (mwleapjr@att.net); Mark Davis; Merrill McGregor (merrillm@scccl.org);
Pace Wilber (Pace.Wilber@noaa.gov); rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com);
randy mahan (rmahan@sc.rr.com); Robert Stroud (StroudR@dnr.sc.gov); Rusty Wenerick
(weneriwr@dhec.sc.gov); Scott Collins (secollins@scana.com); Steve Summer; STUTTS, BRANDON G;
tboozer@scana.com; Wayne and Ginny Boland (wayneboland@bellsouth.net); William Hendrix
(HendrixWB@dot.state.sc.us)

Subject: RE: draft Downstream Navigational Flow Assessment
Date: Friday, April 08, 2016 5:49:48 PM
Attachments: AmericanRiversNavigationFlowsStudyComments.pdf

Here are American Rivers’ comments.
_____________________________________________
Gerrit Jöbsis, American Rivers
Senior Director, Conservation Programs
215 Pickens Street
Columbia, SC 29205
(O) 803.771.7114 (C) 803.546.7926
Rivers connect us. Show your support for clean water and healthy rivers at www.AmericanRivers.org/Donate
Please consider the environment before printing this e-mail.

From: Kelly Kirven [mailto:Kelly.Kirven@KleinschmidtGroup.com] 
Sent: Friday, April 01, 2016 10:37 AM
To: Alex Pellett (PellettC@dnr.sc.gov); Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall
(marshallb@dnr.sc.gov); Bill Stangler (CRK@congareeriverkeeper.org); BRESNAHAN, AMY; btrump@scana.com;
Caleb Gaston (caleb.gaston@scana.com); Charlene Coleman (cheetahtrk@yahoo.com); Chuck Hightower
(hightocw@dhec.sc.gov); Dick Christie (dchristie@comporium.net); Edye Joyner; Erich Miarka
(erich.miarka@gillscreekwatershed.org); Frank_Henning@nps.gov; Gerrit Jobsis; Greg Mixon (mixong@dnr.sc.gov);
Henry Mealing; J. Hagood Hamilton Jr. (jhamilton@scana.com); Jaclyn Daly (Jaclyn.Daly@noaa.gov); Jay Maher; Jeff
Carter (jmcarter00@sc.rr.com); Joe Wojcicki; John Fantry (jfantry@bellsouth.net); Jon Durham
(jondurham@bellsouth.net); Karen Swank Kustafik (kakustafik@columbiasc.net); Kelly Kirven; Lorianne Riggin
(RigginL@dnr.sc.gov); Malcolm Leaphart (mwleapjr@att.net); Mark Davis; Merrill McGregor (merrillm@scccl.org);
Pace Wilber (Pace.Wilber@noaa.gov); rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy
mahan (rmahan@sc.rr.com); Robert Stroud (StroudR@dnr.sc.gov); Rusty Wenerick (weneriwr@dhec.sc.gov); Scott
Collins (secollins@scana.com); Steve Summer; STUTTS, BRANDON G; tboozer@scana.com; Wayne and Ginny Boland
(wayneboland@bellsouth.net); William Hendrix (HendrixWB@dot.state.sc.us)
Subject: draft Downstream Navigational Flow Assessment
Good morning,
Attached is the draft Downstream Navigational Flow Assessment. Please review and submit any

comments or edits by Friday, April 15th. We will discuss this document at the upcoming Recreation
TWC meeting, to be scheduled for some time in May.
Thanks,
Kelly
Kelly Miller Kirven
Regulatory Coordinator

Office: 803.462.5633
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April 8, 2016 


 


Mr. William R. Argentieri 


South Carolina Electric and Gas Company 


Mail Code A221 


220 Operations Way 


Cayce, SC 29033-3701 


 


Subject: Comments and Recommendations: Downstream Navigational Flow Assessment  


    Parr-Fairfield Hydroelectric Project (FERC No. 1894) 


 


Dear Mr. Argentieri: 


 


Ensuring downstream navigation and recreation needs are met through a new license for 


the Parr-Fairfield Hydroelectric Project is fundamental to American Rivers’ interests in 


this relicensing and for the future of the Broad River which is directly affected by project 


operations. We are a member of the Recreation Technical Working Committee, and 


participated in numerous meetings and the development of the study plan for assessing 


downstream flows to meet the state’s minimum standards for recreational navigation.  


American Rivers has reviewed the April 2016 Downstream Navigational Flow 


Assessment report and offer the following comments and recommendations. 


 


The flow assessment report clearly indicates that a flow of 1,000 cfs is needed to satisfy 


the State of South Carolina’s navigation requirements as a determined by state guidance 


(South Carolina Water Resources Commission 1988: Instream Flow Study Phase II: 


Determination of Minimum Flow Standards to Protect Instream Uses in Priority Stream 


Segments: A Report to the South Carolina General Assembly.  The Water Resources 


Commission is now part of the South Carolina Department of Natural Resources which 


has adopted this method for determining navigation flow requirements.)  


 


Despite the findings of the navigation assessment, the report recommends a flow of 500 


cfs for navigation requirements.  A flow of 500 cfs clearly does not meet the state’s 


criteria for determining minimum navigation flows.  We are baffled why the report 


recommends a flow which is clearly in conflict with the state’s method and study results.   


 


American Rivers recognizes that based on the findings of the Downstream Navigation 


Flow Assessment a flow of at least 1,000 cfs is needed to meet navigation requirements. 


We recommend that the report be changed to conclude that a 1,000 cfs flow, not a 500 cfs 


flow, is needed to meet navigation requirements.  
 


Sincerely, 


 







 


 
Gerrit Jöbsis 


Senior Director, Southeast Conservation 


 


cc:  SC Department of Health and Environmental Control 


 SC Department of Natural Resources  


 Recreation Technical Working Committee 







Cell: 803.917.4528
www.KleinschmidtGroup.com

http://www.kleinschmidtusa.com/


From: Gerrit Jobsis
To: Kelly Kirven; Alex Pellett (PellettC@dnr.sc.gov); Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall

(marshallb@dnr.sc.gov); Bill Stangler (CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Caleb Gaston
(caleb.gaston@scana.com); Chad Altman (altmankc@dhec.sc.gov); Chuck Hightower (hightocw@dhec.sc.gov);
David Eargle (eargleda@dhec.sc.gov); Fritz Rohde (Fritz.Rohde@noaa.gov); Greg Mixon (mixong@dnr.sc.gov);
Henry Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Kerry Castle (castlek@dnr.sc.gov); Ley, Amanda;
Lorianne Riggin (RigginL@dnr.sc.gov); Malcolm Leaphart (mwleapjr@att.net); rammarell@scana.com; Randy
Mahan (randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Ron Ahle; Rusty Wenerick
(weneriwr@dhec.sc.gov); Scott Castleberry (castlews@dhec.sc.gov); Shane Boring; Steve Summer; STUTTS,
BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)

Subject: RE: Final Parr Shoals Dam Turbine Venting Report
Date: Friday, April 22, 2016 5:52:29 PM
Attachments: AmericanRiversTurbine VentingStudyComments.pdf

AmericanRiversWestChannelWaterQualityStudyComments.pdf

Dear Kelly,
Please find attached American Rivers comments and recommendations for the turbine venting and
west channel water quality study reports.
Gerrit
_____________________________________________
Gerrit Jöbsis, American Rivers
Senior Director, Conservation Programs
215 Pickens Street
Columbia, SC 29205
(O) 803.771.7114 (C) 803.546.7926
Rivers connect us. Show your support for clean water and healthy rivers at www.AmericanRivers.org/Donate
Please consider the environment before printing this e-mail.

From: Kelly Kirven [mailto:Kelly.Kirven@KleinschmidtGroup.com] 
Sent: Tuesday, April 19, 2016 1:20 PM
To: Alex Pellett (PellettC@dnr.sc.gov); Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall
(marshallb@dnr.sc.gov); Bill Stangler (CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Caleb Gaston
(caleb.gaston@scana.com); Chad Altman (altmankc@dhec.sc.gov); Chuck Hightower (hightocw@dhec.sc.gov); David
Eargle (eargleda@dhec.sc.gov); Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis; Greg Mixon
(mixong@dnr.sc.gov); Henry Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Kelly Kirven; Kerry Castle
(castlek@dnr.sc.gov); Ley, Amanda; Lorianne Riggin (RigginL@dnr.sc.gov); Malcolm Leaphart (mwleapjr@att.net);
rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Ron Ahle;
Rusty Wenerick (weneriwr@dhec.sc.gov); Scott Castleberry (castlews@dhec.sc.gov); Shane Boring; Steve Summer;
STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)
Subject: Final Parr Shoals Dam Turbine Venting Report
Good afternoon,
Attached for your record is the Final Parr Shoals Dam Turbine Venting Report. This document will
also be available at the project website at www.parrfairfieldrelicense.com.
Thanks,
Kelly
Kelly Miller Kirven
Regulatory Coordinator

Office: 803.462.5633
Cell: 803.917.4528
www.KleinschmidtGroup.com
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April 22, 2016 


 


Mr. William R. Argentieri 


South Carolina Electric and Gas Company 


Mail Code A221 


220 Operations Way 


Cayce, SC 29033-3701 


 


Subject: Comments and Recommendations: Parr Shoals Dam Turbine Venting Report 


    Parr-Fairfield Hydroelectric Project (FERC No. 1894) 


 


Dear Mr. Argentieri: 


 


Ensuring water quality meets or exceeds state standards at the Parr-Fairfield 


Hydroelectric Project is fundamental to American Rivers’ interests in the relicensing of 


this project and for the future health of the Broad River.  We are a member of the Water 


Quality Technical Working Committee, and have participated in numerous meetings and 


in the development of related studies. American Rivers has reviewed the April 2016 Parr 


Shoals Dam Turbine Venting Report transmitted April 19, 2016 and offer the following 


comments and recommendations. 


 


Water quality of the Broad River is directly affected by project operations.  Impoundment 


of the river causes water quality changes.  The Baseline Water Quality Report was 


reviewed at the February 4, 2014 Water Quality TWC meeting.  Excursions of DO levels 


less than 4.0 mg/L in the Parr Shoals Dam tailrace resulting from project discharges were 


documented at the Jenkinsville gage (USGS station 02160991). 


  


The turbine venting study report shows that DO improvements between 0.16 mg/l and 


0.45 mg/l resulted from venting at Units 1–5.  Turbine venting is not possible at Unit 6. 


As explained in the report, it is possible that higher levels of DO improvement are 


possible with venting at Units 1-5 during periods with lower DO saturation than when the 


study was conducted. 


 


American Rivers recognizes that changes in project operations will be needed to improve 


water quality in the Broad River downstream of the Parr Shoals Dam.  We believe that 


turbine venting has potential to improve DO.  We recommend South Carolina Electric 


and Gas Company develop an operational sequencing plan that maximizes DO 


enhancement by prioritizing use of turbines where venting is most effective at improving 


DO levels.  This sequencing plan should be implemented during an initial period of the 


new license to better evaluate how turbine venting can improve water quality during 


periods of low DO with a goal of meeting state standards at all times. Additional methods 


may be needed to meet state standards if turbine venting falls short of that goal. 







 


 


Thank you for the opportunity to review and comment on this important report. We look 


forward to working collaboratively with South Carolina Electric and Gas and other 


stakeholders through the remainder of the relicensing process. 
 


Sincerely, 


 


 
Gerrit Jöbsis 


Senior Director, Southeast Conservation 


 


cc:  SC Department of Health and Environmental Control 


 SC Department of Natural Resources  


 Water Quality Technical Working Committee 
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April 22, 2016 


 


Mr. William R. Argentieri 


South Carolina Electric and Gas Company 


Mail Code A221 


220 Operations Way 


Cayce, SC 29033-3701 


 


Subject: Comments and Recommendations: Water Quality in Downstream West Channel 


    Parr-Fairfield Hydroelectric Project (FERC No. 1894) 


 


Dear Mr. Argentieri: 


 


Ensuring water quality meets or exceeds state standards at the Parr-Fairfield 


Hydroelectric Project is fundamental to American Rivers’ interests in the relicensing of 


this project and for the future health of the Broad River.  We are a member of the Water 


Quality Technical Working Committee, have participated in numerous meetings and in 


the development of related studies. American Rivers has reviewed the April 2016 Water 


Quality in Downstream West Channel Study Report transmitted April 19, 2016 and offer 


the following comments and recommendations. 


 


Water quality of the Broad River is directly affected by project operations. The Parr 


Shoals Dam blocks flows from the West Channel and no water is released directly into 


the West Channel except during spill events. Hydroelectric units of the project only 


release water into the East Channel. 


 


The water quality study report clearly shows that dissolved oxygen levels (DO) in the 


West Channel do not meet state water quality standards.  Monitoring results at all three 


West Channel stations document that DO frequently drops below the instantaneous 


standard of 4.0 mg/l and that the daily average standard of 5.0 mg/l is not met 


periodically.  Results also demonstrate diurnal swings in dissolved oxygen concentrations 


between 0.0 mg/l and 20.0 mg/l which are consistent with effects of low flow conditions 


and water quality affected by periods dominated by photosynthesis and respiration. These 


study results are consistent with impairment due to hydrologic alteration and resulting 


stagnant or dewatered conditions in the West Channel.   


 


We also note that while the transmittal memo states that this is the final study report, the 


report itself is marked as “draft” on the first two pages. 


 


American Rivers recognizes that changes in project operations will be needed to improve 


water quality in the West Channel.  We recommend South Carolina Electric and Gas 


Company work with TWC members and other stakeholders to restore continuous flows to 







 


the West Channel so that DO is improved and water quality standards are met at all 


times.  


 


Thank you for the opportunity to review and comment on this important report. We look 


forward to working collaboratively with South Carolina Electric and Gas and other 


stakeholders through the remainder of the relicensing process. 
 


Sincerely, 


 


 
Gerrit Jöbsis 


Senior Director, Southeast Conservation 


 


cc:  SC Department of Health and Environmental Control 


 SC Department of Natural Resources  


 Water Quality Technical Working Committee 







From: Henry Mealing
To: Kelly Miller; BARGENTIERI@scana.com; Steve Summer
Subject: FW: Entrainment Memo #4
Date: Monday, February 09, 2015 3:58:34 PM
Attachments: image002.png

For the files.
Henry
From: Fritz Rohde - NOAA Federal [mailto:fritz.rohde@noaa.gov] 
Sent: Monday, February 09, 2015 3:37 PM
To: Henry Mealing
Subject: Re: Entrainment Memo #4
I emailed Shane earlier that I can't participate. Have another meeting. But I have no issues
On Mon, Feb 9, 2015 at 3:26 PM, Henry Mealing <Henry.Mealing@kleinschmidtgroup.com>
wrote:
Hey TWC,
I pulled together some additional data from the turbine mortality database to answer Byron’s
questions that he posed for the group discussion. I know this doesn’t give you much time, but
we just finished pulling data together this afternoon.
Henry
Henry Mealing
Fisheries Biologist / Project Manager

Lexington, SC 29072
706-339-3209
www.KleinschmidtGroup.com
From: Kelly Miller 
Sent: Friday, January 30, 2015 11:35 AM
To: Alison Jakupca; BARGENTIERI@scana.com; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler
(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov); Chad
Altman (altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov); Fritz Rohde (Fritz.Rohde@noaa.gov);
Gerrit Jobsis (gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Hal Beard (BeardH@dnr.sc.gov);
Henry Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Karla Reece (Karla.Reece@noaa.gov); Kelly
Miller; QUATTLEBAUM, MILTON; rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy
mahan (rmahan@sc.rr.com); Robert Stroud (StroudR@dnr.sc.gov); Ron Ahle; Sam Stokes (stokess@dnr.sc.gov);
Shane Boring; Steve Summer; STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)
Subject: Entrainment Memo #4
All,
Attached for your review is the Entrainment Hold Point Memo #4. The memo provides the
proposed survival estimates for fishing passing through Parr and Fairfield turbines. We will
discuss this memo during a conference call, scheduled for February 10th.
Thanks!
Kelly
Kelly Miller
Regulatory Coordinator

Office: 803.462.5633
www.KleinschmidtGroup.com
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From: ARGENTIERI, WILLIAM R
To: "Wenerick, William "Rusty""
Cc: SUMMER, STEPHEN E; Henry Mealing; Kelly Miller; Hightower, Charles
Subject: RE: Parr Hydro Relicensing - Water Quality Memo
Date: Friday, February 06, 2015 10:19:13 AM

Rusty,
Thank you for the quick response. This is very helpful. We will work on a plan to use the
existing equipment at Parr to provide aeration during the appropriate times. Our aim will be to
finalize the plan during the relicensing process and make it part of the settlement agreement.
Bill
From: Wenerick, William "Rusty" [mailto:WENERIWR@dhec.sc.gov] 
Sent: Friday, February 06, 2015 9:51 AM
To: ARGENTIERI, WILLIAM R
Cc: SUMMER, STEPHEN E; Henry Mealing; Kelly Miller; Hightower, Charles
Subject: Re: Parr Hydro Relicensing - Water Quality Memo

***This is an EXTERNAL email. Please do not click on a link or open any attachments unless
you are confident it is from a trusted source.

Dear Bill,
It was a pleasure meeting with you the other day to discuss the additional water quality data
you collected this past summer and fall, and to discuss the results of your tests on the aeration
capabilities of the existing equipment at Parr. DHEC does not see any need to collect
additional data; however, we would like to request that you explore developing a plan for
using your existing equipment to provide aeration at those times when you anticipate DO
excursions in your discharge based on data from the USGS station. The goal of the plan
should be to meet the DO standard in your discharge at all times.
Thanks very much for all your efforts to facilitate our review. Please don't hesitate to call me
or Chuck Hightower, should you have any questions.
Rusty Wenerick

William R. "Rusty" Wenerick, Project Manager
DHEC Bureau of Water
2600 Bull Street, Columbia, SC 29201
Phone: (803) 898-4266
Fax: (803) 898-7344
Email: Rusty.Wenerick@dhec.sc.gov
401/WQC Website:
http://www.scdhec.gov/environment/WaterQuality/401Certification/Overview/
Nav Waters Website: http://www.scdhec.gov/environment/WaterQuality/NavigableWaters/
Research: http://link.springer.com/article/10.1007/s00267-013-0158-x

From: Kelly Miller <Kelly.Miller@KleinschmidtGroup.com>
Sent: Monday, January 26, 2015 1:39 PM
To: Hightower, Charles; Wenerick, William "Rusty"
Cc: BARGENTIERI@scana.com; SUMMER, STEPHEN E; Henry Mealing
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Subject: Parr Hydro Relicensing - Water Quality Memo
Good afternoon Chuck and Rusty,
We wanted to follow up with you on our relicensing activities regarding the Project’s water
quality issues. In our original Water Quality Report and Addendum, we identified some historic
low dissolved oxygen (DO) readings at the tailrace USGS monitor and researched those a little
further. We performed some additional collections in the tailrace and forebay in late
summer/fall 2014 during which we did not observe any low DO readings. We also did some
initial testing on the Parr Shoals turbines to see if they could aerate for potentially increasing
DO levels in the turbine discharge.
We have attached a memo that summarizes the results of our recent investigations and would
like to have a meeting with y’all to discuss our findings and how they relate back to the
information needed to obtain a 401 Certificate for the Parr Hydroelectric Project. We have
identified February 3 and 4 as two dates that we have availability all day long to meet with
you. We think that it will take up to 2 hours for our discussions. Please let us know if you
would be available on these days and if so, what time will work best for you.
Thank you for your continued cooperation with SCE&G in the relicensing of the Parr
Hydroelectric Project.
Kelly
Kelly Miller
Regulatory Coordinator

Office: 803.462.5633
www.KleinschmidtGroup.com
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From: Eargle, David A.
To: Kelly Kirven
Cc: Glover, James
Subject: Re: draft Monticello Mussel Report
Date: Tuesday, February 02, 2016 10:31:52 AM

Hi Kelly,

I had a chance to read over the mussel survey report. Looks like it will serve as good baseline
data for us. Most of the species they found are what you might expect in a reservoir like
Monticello. No shock that they didn't find Toxolasma pullus or Lasmigona decorata. While the
surveyors suggested that it was a little unusual to have that many Elliptio angustata in a
reservoir, I've seen them there myself and so wasn't surprised by that either. Of course the
reservoir is full of Corbicula fluminea but we all knew that already.

What was surprising to me was first that there were essentially no mussels in the recreational
part of the lake whereas the main impoundment had a fairly diverse and evenly-distributed
fauna. Also, the presence of Villosa vaughaniana at four sites was not expected (by me). From
my experience, this guy is pretty rare even in its preferred habitat and would be an unlikely
find in Lake Monticello. I'm not sure what to make of these findings. We will probably have to
think a little more about this.

As for the snails, Campeloma is to be expected. Cipangopalodina japonica is an invasive that is
spreading around the state. I found it in Lake Monticello several years ago. As for the Viviparus
georgianus this is the first I've heard of it being in Lake Monticello. I contacted snail expert Dr.
Rob Dillon in Charleston and he was also unaware. He had received reports of its recent
spread into a few other water bodies in SC. It has been in Lakes Marion and Moultrie since the
1990s. It seems the jury is still out on whether the spread of these species is likely to cause
any ecological trouble.

Just a few thoughts.

David

From: Kelly Kirven 
Sent: Thursday, January 21, 2016 10:25 AM
To: Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler
(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov);
Caleb Gaston (caleb.gaston@scana.com); Altman, Chad; Eargle, David A.; Gerrit Jobsis
(gjobsis@americanrivers.org); MixonG@dnr.sc.gov; Henry Mealing; Jay Maher; Glover, James; Karla

mailto:EARGLEDA@dhec.sc.gov
mailto:Kelly.Kirven@KleinschmidtGroup.com
mailto:GLOVERJB@dhec.sc.gov


Reece (Karla.Reece@noaa.gov); Kelly Kirven; Lorianne Riggin (RigginL@dnr.sc.gov);
rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan
(rmahan@sc.rr.com); Sam Stokes (stokess@dnr.sc.gov); Castleberry, William; Shane Boring; Steve
Summer; STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)
Subject: draft Monticello Mussel Report
All,
Attached for your review is the draft Monticello Mussel Report. Please provide any comments or

edits to this report by Friday, February 5th. We will discuss this report at the upcoming RTE TWC
meeting (date TBD).
Please note that the Word version is included for comment and the PDF version is included because
it has site photos in Appendix B.
Thanks,
Kelly
Kelly Miller Kirven
Regulatory Coordinator

Office: 803.462.5633
Cell: 803.917.4528
www.KleinschmidtGroup.com

http://www.kleinschmidtusa.com/


From: Wenerick, William "Rusty"
To: Henry Mealing; Kelly Kirven
Cc: Bill Argentieri - SCE&G (BArgentieri@scana.com); Shane Boring; Eargle, David A.; Hightower, Charles; Glover,

James
Subject: Re: Genetics Testing of Mussel - Monticello Reservoir
Date: Thursday, April 21, 2016 1:40:29 PM
Attachments: image003.png

image002.png

Henry and Kelly,

We are OK with not asking for genetic testing given this language in the report:
"However, the seven individuals identified as Carolina Creekshell were done so based on
conchological (shell), and soft part anatomy characteristics, and should be considered as such
until further study proves otherwise."

Thanks for your patience and please call if you have any questions.

Sincerely,
Rusty Wenerick

William R. "Rusty" Wenerick, Project Manager
DHEC Bureau of Water
2600 Bull Street, Columbia, SC 29201
Phone: (803) 898-4266
Fax: (803) 898-7344
Email: Rusty.Wenerick@dhec.sc.gov
401/WQC
Website: http://www.scdhec.gov/environment/WaterQuality/401Certification/Overview/
Nav Waters Website: http://www.scdhec.gov/environment/WaterQuality/NavigableWaters/
Research: http://link.springer.com/article/10.1007/s00267-013-0158-x

From: Henry Mealing <Henry.Mealing@KleinschmidtGroup.com>
Sent: Monday, March 28, 2016 11:35 AM
To: Eargle, David A.; Wenerick, William "Rusty"; Hightower, Charles
Cc: Kelly Kirven; Bill Argentieri - SCE&G (BArgentieri@scana.com); Shane Boring
Subject: Genetics Testing of Mussel - Monticello Reservoir
 
David, Rusty, and Chuck
 
At our last Parr Relicensing - RTE TWC meeting, SCE&G/Kleinschmidt was given an action item
to follow up with genetic testing for verification of the Carolina creekshell specimens found in
Monticello Reservoir during the 2015 surveys.  During the TWC meeting, David told us that
Three Oaks stated that the genetic testing would cost around $500.  Shane and I followed up

mailto:WENERIWR@dhec.sc.gov
mailto:Henry.Mealing@KleinschmidtGroup.com
mailto:Kelly.Kirven@KleinschmidtGroup.com
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56




Kleinschmidt





on this item, and Three Oaks told us that the costs for the genetic testing would require the
collection of additional specimens and the costs for genetic analysis through a lab.
 
Based on the information that we currently have, the costs to do the genetic testing for
Carolina creekshell is actually between $3,500 to $5,000.
 
From the “relicensing standpoint”, we know that the species “might” be in Monticello
Reservoir.  The Carolina creekshell is not federally protected, but is a priority species for the
State.  We are developing habitat enhancements for fish in the lake that could enhance
habitats for mussels in general.  We are having a difficult time finding a compelling reason to
push forward on this effort.  
 
Before we commit to spend this extra expense, I wanted to find out from SCDHEC if we really
need to spend the money on genetic testing for this species in addressing required SCDHEC
issues/concerns. 
 
I will be glad to follow up with you on a call to talk it through if requested. Thanks for your
input on this topic.
 
Henry
Henry Mealing
Fisheries Biologist / Project Manager

204 Caughman Farm Lane
Suite 301
Lexington, SC  29072
706-339-3209
www.KleinschmidtGroup.com
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From: Bill Marshall
To: Kelly Miller; Alison Jakupca; BARGENTIERI@scana.com; Bill Stangler (CRK@congareeriverkeeper.org);

BRESNAHAN, AMY; Bret Hoffman; Bruce Halverson; Byron Hamstead (Byron_hamstead@fws.gov); Dick Christie;
Frank_Henning@nps.gov; Gerrit Jobsis (gjobsis@americanrivers.org); Greg Mixon; Henry Mealing; J. Hagood
Hamilton Jr. (jhamilton@scana.com); Jay Maher; Joe Wojcicki; Malcolm Leaphart (mwleapjr@att.net); Pace
Wilber (Pace.Wilber@noaa.gov); rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy
mahan (rmahan@sc.rr.com); Scott Harder; Steve Summer; Tom McCoy (thomas_mccoy@fws.gov); Wayne and
Ginny Boland (wayneboland@bellsouth.net)

Subject: RE: Operations Model - Historic Scenario Period of Record
Date: Wednesday, February 18, 2015 12:57:50 PM

Hi Kelly,
Thanks for providing this information.  I  think DNR staff are okay with the proposed period of record
(referenced in your email) to be used for the model verification needs which were discussed at the
Sept 17, 2014 Operations RCG mtg.
 
Bill Marshall
SCDNR
 
 

From: Kelly Miller [mailto:Kelly.Miller@KleinschmidtGroup.com] 
Sent: Monday, January 26, 2015 4:51 PM
To: Alison Jakupca; BARGENTIERI@scana.com; Bill Marshall; Bill Stangler
(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Bret Hoffman; Bruce Halverson; Byron Hamstead
(Byron_hamstead@fws.gov); Dick Christie; Frank_Henning@nps.gov; Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon; Henry Mealing; J. Hagood Hamilton Jr.
(jhamilton@scana.com); Jay Maher; Joe Wojcicki; Kelly Miller; Malcolm Leaphart (mwleapjr@att.net);
Pace Wilber (Pace.Wilber@noaa.gov); rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Scott Harder; Steve Summer; Tom
McCoy (thomas_mccoy@fws.gov); Wayne and Ginny Boland (wayneboland@bellsouth.net)
Subject: Operations Model - Historic Scenario Period of Record
 
Good afternoon RCG members,
 
After reviewing the available periods of record for the Alston gage flows, Parr and Fairfield hourly
generation data, and Parr hourly reservoir stage, we have selected a 2-week period in 2005 that
represents normal baseline flows, a range of generation and pumping for the Fairfield development,
and contains a high inflow event.  We are proposing to use this period of record for the historic
scenario requested during the last RCG meeting.  Fortunately, SCE&G also has records of the
Monticello reservoir for this period of record, which we will include in our results comparison.
 
Please review this period and indicate to us your agreement (or if you take exception) by next

Monday, February 2nd of this period of record sufficient to demonstrate the model accuracy across a
range of project operating conditions.
 
Thanks,
Kelly
 
Kelly Miller
Regulatory Coordinator
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Office: 803.462.5633
www.KleinschmidtGroup.com
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From: Bill Marshall
To: Kelly Miller; Henry Mealing
Subject: FW: draft Fish Entrainment Report
Date: Tuesday, May 05, 2015 5:31:01 PM
Attachments: RBR Entrainment Effects 1997 (2).pdf

Hi Henry, as discussed earlier, I am forwarding to you the comments from DNR biologist, Ron Ahle along with the attached report on
entrainment studies at the Richard B Russell pump storage project.
Let us know if you all have questions.
Thanks,
Bill Marshall
SCDNR
803-734-9096

From: Ron Ahle
Sent: Thursday, April 23, 2015 2:15 PM
To: Bill Marshall
Cc: Hal Beard; Dick Christie; Greg Mixon; Lorianne Riggin
Subject: FW: draft Fish Entrainment Report

Hi Bill,
I have reviewed the draft entrainment report for Parr Hydro Project and have some issues with it.
My primary concern is the lack of information on entrainment mortality with an emphasis on clupeid
survival. These fragile fish are very different from other fish in their tolerance ranges and generally
have high mortality at pumpback operations for reasons other than turbine strikes. The draft report
appears to address entrainment mortality in terms of turbine strikes as provided in Table 3-13. This
is good information, but this report needs to address the total entrainment mortality to provide a
better understanding of the operational impacts. Studies done at Richard B Russell, a pump back
project with similar turbines and similar capacity, addressed total entrainment mortality. In the
attached RBR document on page 376 it is stated that “Mortality rates ranged from 65.0 to 100.0 percent for
clupeids (blueback herring, threadfin shad, and gizzard shad), 29.5 to 85.0 percent for sunfish and crappie, 0.0 to
28.5 percent for catfish, 17.8 to 72.1 percent for yellow perch, and 45.3 to 81.8 percent for Morone sp. (striped
bass, hybrid bass, and white perch). A significant positive relationship between water temperature and mortality
was found for clupeids, catfish, and Morone sp. (as water temperature increases mortality increases).” Summary
tables for immediate, 24 hr, and 48 hr mortality are also provided in the same document in the
section entitled “Pumpback Fish Mortality Studies” from page 376-395. This type of information is
needed in the entrainment report for Parr Hydro Project. I believe this type of project information
(from RBR) is more relevant to the Fairfield pump storage development than the turbine studies
cited in the EPRI documents. Frankly, the mortality estimates from RBR may be more relevant than
the number of fish entrained. In recent TWC meetings, questions were raised about the numbers of
clupeids entrained at RBR verses Fairfield mainly based on fish present. This may be a legitimate
issue, but it does not change the mortality rate which should be based on the percentage of fish that
actually die as a result of entrainment.
Another thing I do not understand about the report is how (as indicated in Table3-13) the Clupeidae
family has a lower mortality rate than their surrogate Cyprinadae. Maybe this is a typo.
These are my comments.
Later,
Ron

From: Kelly Miller [mailto:Kelly.Miller@KleinschmidtGroup.com] 
Sent: Tuesday, April 21, 2015 3:05 PM
To: Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall; Bill Stangler (CRK@congareeriverkeeper.org);
BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov); Chad Altman (altmankc@dhec.sc.gov); Dick
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Preface 


 


     This report presents detailed results of Phase III sampling and summaries of Phase I 


and Phase II sampling for the Richard B. Russell Fish Entrainment Study as required by  


amendment dated 3 April 1992 to the original Consent Order from the United States 


District Court for the District of South Carolina signed on 6 December 1991.  Phase III 


data presented in this report include: 1.   pumped storage fish entrainment sampling using 


full (entire intake plume is netted) or partial (approximately 50 percent of the intake 


plume is netted) recovery nets; 2.  summaries of conventional netting results obtained 


prior to collection of Phase III data; 3. supporting studies such as recovery net calibration 


and fish mortality testing;  4. results of calibration for fixed-aspect hydroacoustics 


sampling of fish entrainment;  5. ichthyoplankton entrainment;  6.  summaries of  baseline 


data collection; 7. population estimates for threadfin shad and blueback herring; 8.  risk 


assessment of  pumped storage operation using population modeling;  9.  mobile 


hydroacoustics summaries; 10. commercial and sport harvest;  11. predictions of future 


entrainment; 12. summary water quality impacts on striped bass..  This report was 


prepared by the Environmental Laboratory (EL) of the US Army Engineer Waterways 


Experiment Station (WES), Vicksburg, MS; AScI, Trotters Shoals Research Facility, 


Calhoun Falls, SC;  the National Biological Survey Fish and Wildlife Cooperative 


Research Unit (Coop Unit) at the University of Georgia, Athens, GA, Aquacoustics, Inc., 


and U. S. Army Engineer District, Savannah.   The cover of the report and appendix was 


illustrated by Charles Calais, Information Technology Laboratory, (WES).  The report 


was prepared for the US Army Engineer District, Savannah, as part of the Richard B. 


Russell Fish Entrainment Study. 


 


     The authors of this report are Dr. John M. Nestler of the Water Quality and 


Contaminant Modeling Branch (WQCMB), Environmental Processes and Effects 


Division, (EPED), EL, WES;  Messrs. Don Dennerline and Mark Weiland of the Coop 


Unit,  Mr. Gary Weeks of AScI, Mr. Don Degan and Ms. Sandra Howie of Aquacoustics, 


Inc., and Mr. Jamie Sykes of Savannah District.  The report was prepared under the direct 


supervision of Dr. Mark Dortch, Chief, WQCMB, and under the general supervision of 


Dr. Richard Price, Chief, EPED, and Dr. John Harrison, Director, EL.  Technical reviews 


by Mr. Tom Cole of WES, and Ms. Toni Schneider of WES are appreciated. 
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       Nestler, J. M., D. Dennerline, M. Weiland, G. Weeks, D. Degan, S. Howie, and J.  


Sykes  (1997)  "Richard B. Russell Phase III Completion Report:  Impacts of Four-Unit 


Pumpback Operation", Technical Report EL-97-00, US Army Engineer Waterways  


Experiment Station, Vicksburg, MS. 
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Executive Summary 


 


Conclusions 
 


     The final phase of passage monitoring and impact assessment to determine the effects 


of  pumped storage operation on fish communities and water quality conditions in both J. 


Strom Thurmond (JST) Lake and Richard B. Russell (RBR) Lake was completed on 31 


October 1996.  Analysis of the data generated the following general conclusions with 


additional conclusions having fishery implications obtained from water quality studies 


documented in a separate completion report. 


 


•     Long-term, baseline fishery studies and creel surveys of JST Lake, the downstream 


lake from RBR Dam, indicate the presence of an abundant and diverse fish community 


supporting a valuable multi-species fishery. 


 


•     Entrainment of  fish during  Phase III (commercial pumping rates) pumped storage  


operation is a small percentage (maximum annual estimate of 0.46 percent by number and 


0.43 percent by biomass) of the total numbers of fish in JST Lake.  Projected annual 


entrainment totals by species are less than 1.0 percent of population estimates for all 


common species except white perch for which 1.3 percent of the population is entrained. 


 


•     Based on data collected from April to October and adjusted for the percentage of each 


species that successfully pass through the dam, pumpback entrainment by number is 


dominated by threadfin shad (90.9 percent), blueback herring (6.4 percent), and white 


perch (1.3 percent) with no other species contributing more than 1.0 of the total. 


 


•     Total entrainment mortality during Phase III was 3.66 million fish with a biomass of 


13,016 kilograms (1 kg= 2.2 lb).  For Phase III months, projected worst case entrainment 


mortality was 4.84 million fish with a biomass of 20,010 kg.  Total annual entrainment 


mortality is estimated at 8.07 million fish for a dry year and 1.13 million fish for a wet 


year with a biomass of  23,434 (dry year) and 3,032 kg (wet year). 


 


•     Conventional generation passage estimates for the 4 pumped storage units based on 
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data collected prior to Phase III indicates that less fish pass during worst-case 


conventional generation (total annual estimate not adjusted for survival of 5,918,426) as 


passing  during  pumped storage operation with most passage occurring during the winter 


time.  Threadfin shad comprise 87 percent of the annual passage of fish through the RBR 


Dam during conventional generation. 


 


•     Direct testing of the fish protection system and overall reductions in entrainment as 


the protection system became finalized during the phased testing program indicate the fish 


protection system is effective and should be an integral part of future operation.  


 


•     Both Phase II and Phase III monitoring data combined with population risk 


assessment indicate that pumped storage operation at RBR Dam is possible with minimal 


impact on the fishery of JST Lake.  Risk assessment was performed by comparing 


population model predictions of abundance of threadfin shad, blueback herring, hybrid 


bass, striped bass, and black crappie with and without entrainment losses.  The risk 


assessments indicate that the probability of local extinction is negligible for the five 


species evaluated.  Worst-case pumped storage operation, based on Phase II and Phase III 


data, increases the maximum risk of population decline at any level  by 7.0 percent or less 


for threadfin shad and blueback herring.  Under entrainment conditions that are many 


multiples of observed entrainment, the maximum risk of population decline increases up 


to 53%.  Small reductions in population size are predicted for hybrid bass and striped bass 


under Phase II and Phase III entrainment rates.  However, increased stocking rate for 


these two species can completely  compensate for even multiples of worst case 


entrainment.  Black crappie model predictions indicate reductions of between 11 (Phase 


III annualized entrainment)  to 40 percent (multiples of worst case entrainment).   


 


•      Pumped storage operation of RBR Dam results in warming of the bottom-layer of 


water in RBR Lake and no noticeable  change in water temperature in  the upper-layer of  


water in RBR Lake.  Despite the slight warming of the lower layer of water in RBR Lake 


forebay,  cool water habitat for striped bass and hybrid bass, i.e., water with dissolved 


oxygen concentrations greater than 3.0 parts per million and water temperatures less than 


270 C, will increase with pumped storage operations.  


 


•      Temperature and dissolved oxygen patterns in lower JST Lake generally fell within 


historic ranges during Phase III.  There were no discernable changes in JST down lake 
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patterns that could be attributed to pumped storage operation.  In the tailwater of  RBR 


Dam Lake,  water temperatures increased to levels that were below 270 C (a commonly 


employed upper threshold above which striped bass cease to feed) but high enough (240C) 


to possibly cause cool water fish to redistribute to the main lake area of JST Lake.   Cool 


water habitat of sufficient dissolved oxygen (greater than 3.0 parts per million) was 


available within JST Lake to support cool water fishes.   


 


•     The temperature of releases from JST Dam were not substantially different in 1996 


then in previous years.  However, the releases contained higher levels of  DO than 


observed in previous years. 


 


•      Pumped storage operation has increased the mixing of warm surface water and cooler 


deep water in the tailwater  of RBR Dam.   Water temperatures in the RBR Dam tailwater 


, although still well within the generally accepted 3 parts per million DO and 260 C 


threshold for striped bass, may have warmed sufficiently  (240 C)  to cause cool water 


fishes such as striped bass, hybrid bass, and blueback herring to redistribute in JST Lake. 


 


•     The volume  of  RBR Lake providing high enough oxygen levels to support fish has 


been increased by  pumped storage operation suggesting an increase in volume of  lake 


habitat available to fish  in the main part of RBR Lake and, therefore, an increase in fish 


production in RBR Lake.    


 


• Entrainment of fish eggs and larval fish was estimated at 125 million of the 160 


billion estimated to have been produced during the spawning season of JST Lake (0.08 


percent entrained).  Larval fish entrainment was dominated by threadfin shad and 


blueback herring with no fish eggs entrained. 


 


• Substantial numbers of fish of different species can survive passage through the 


turbines during pumped storage operation when water temperatures are cooler in the 


winter and spring. 


 


• The fixed-aspect hydroacoustics monitoring system met the performance criteria 


required in the Testing and Monitoring Plan (TMP). 


 


• Population estimates of threadfin shad and blueback herring indicate springtime 







 
 -4 


populations of  57 million and 68 million respectively.  Summertime total population 


abundance of 1.322 billion was obtained for threadfin shad.   A mark-recapture based 


population estimated indicated the presence of 84 million adult  blueback herring. 


 


• The estimate of  average annual commercial catch of blueback herring of over 


500,000 fish exceeds entrainment losses. 


 


• Mobile hydroacoustics monitoring indicates a high correlation between entrainment 


of threadfin shad in the late summer with mobile hydroacoustics abundance estimates in 


the tailwater. 


 


• No negative impact on fish distribution or entrainment caused by the improved 


conveyance channel was observed.  


 


 


Background 


 


     The U.S. Army Corps of Engineers, Savannah District (CESAS), develops and 


manages water resources on the Savannah River by constructing and operating reservoir 


projects.   RBR Dam and Lake, begun in 1974, is the most recent of the Savannah River 


impoundments.  RBR dam has four reversible turbines and four conventional turbines.  


The reversible turbines can be used as pumps during periods of low power demand to 


replenish upstream storage for peak generation needs. 


 


     JST  Lake, located immediately downstream of RBR Dam,  has an established sport 


fishery that is monitored and managed (which includes annual stocking) by the states of 


Georgia and South Carolina.  A partial list of species important to the JST Lake fishery 


includes striped bass, white bass, crappie, several species of sunfish, white catfish, 


channel catfish, bullhead, hybrid bass, largemouth bass, yellow perch, gizzard shad, 


blueback herring, threadfin shad, flathead catfish, and, recently, white perch.  The  States 


of Georgia and South Carolina, the U.S. Fish and Wildlife Service, and the District  all 


agreed that potential turbine mortality of entrained fishes during pumpback at RBR and 


the potential impact on the JST fishery should be addressed. 


 


     In 1986 the Corps of Engineers (CE) initiated an exhaustive study, the Richard B. 
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Russell Fish Entrainment Study (RBRFES), to provide baseline data on the fish 


community of JST, predict entrainment and fish mortality, develop fish protection 


measures, and monitor entrainment through the units as part of a three-phase Testing and 


Monitoring Plan (TMP) agreed to by the CE and resource agencies.  This report presents 


results and findings of Phase III and summarizes all findings since the inception of the 


TMP  as an aid to decision-making regarding  pumped storage operation at RBR Dam.  


Phase I and II entrainment sampling and pumping operation were considerably reduced 


from Phase III pumping operation.  Phase III studies were conducted under operational 


scenarios as close to full-scale commercial operation levels as the sampling constraints of 


recovery netting allowed.  Duration and timing of pumped storage operation are affected 


by limitations imposed by deployment and retrieval of the recovery nets.  Results from the 


phased testing program are employed to determine if commercial  pumped storage 


operation at Richard B. Russell Dam is possible without jeopardizing the fisheries of  


either RRB or JST Lakes. 


 


     The most important Phase III sampling activities include estimating fish entrainment 


under commercial levels of operation using partial and full recovery nets.   All data 


collection activities described in this report meet the sampling requirements described in 


the TMP or were adjustments to the requirements of  the TMP  suggested by and agreed 


to by the Technical Coordination Group (CG).   In addition to recovery netting,  Phase III 


activities included estimating fish mortality rate during turbine passage during pumping 


operation,  supporting studies such as recovery net calibration, validation of  fixed-aspect 


hydroacoustics to recovery net sampling,  ichthyoplankton entrainment monitoring,  


summaries of  baseline data collection, risk assessment of  pumped storage operation 


using population modeling, population estimation for threadfin shad and blueback 


herring, mobile hydroacoustics surveys, summary of water quality impacts on striped 


bass, and comparisons of projected entrainment totals to the total numbers of 


ichthyoplankton, juvenile, and adult fishes estimated to be in JST. 


 


Phase III Baseline Data Collection 


 


            Baseline data are used to assist in determining if pumpback operation affects the 


composition of the fish community or the spatial or temporal distribution of fishes.  


Baseline sampling for the RBRFES was initiated on JST in 1986 and has been dynamic 


over the eleven year study period.  The sampling gears used, the locations of sampling, 
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and the frequency of sampling changed over time in response to the changing 


informational needs and objectives of the RBRFES.  Baseline sampling occurred 


throughout JST reservoir from 1986 to 1990 to evaluate reservoir wide trends.  From 


1990 to 1996, sampling was limited to the upper end of the reservoir to monitor near-field 


trends below RBR dam.  Also in 1990, sampling was initiated on the lower third of RBR 


Lake to monitor near-field trends upstream of  RBR  dam. 


 


     The general objectives of baseline monitoring activities were to determine : 


1.  What are the principal components of the fish communities in the two reservoirs?  


2.  How do the communities vary spatially within reservoirs in terms of species 


composition 


     and biomass? 


3.  How do the communities vary seasonally and annually in terms of species composition 


     and biomass? 


4.  Is the tailwater area immediately below Russell dam unique? 


 


     Baseline monitoring activities included gillnetting, electrofishing, cove rotenone 


sampling, larval fish and zooplankton sampling, purse seining and draft tube sampling.  


General information obtained from each sampling gear is briefly described below.   


Gillnetting, electrofishing and rotenone sampling were used to describe the fish 


communities and to assess spatial and temporal trends in abundance of fishes;  larval fish 


sampling was used to describe spatial and temporal patterns of fish reproduction;  


zooplankton sampling was used to describe spatial and temporal trends in abundance of 


zooplankton;  purse seining was used to describe size distributions of fish and verify 


target strengths for hydroacoustics sampling; and, lastly, draft tube sampling was used to 


determine the species, numbers, and sizes of fish that are attracted to the draft tubes thus 


potentially susceptible to immediate entrainment during pumpback.       


 


Phase III Netting Description 


 


     Phase III entrainment monitoring was conducted from 1 April to 31 October, 1996.  


This time period was selected for sampling because long-term baseline fish  sampling 


using a variety of gears indicated the time period of  maximum biological activity 


downstream of Richard B. Russell Dam occurred during these months.  The number of 


hours per month of recovery net sampling contrasted to the number of hours per month of 
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Phase III pumpback operation  is shown in Table E-1 as well as the number of hours of 


operation projected for wet, average, and dry years.   Note that the number of hours of 


sampling was generally constant varying from 66.3 hours in April to 84.4 hours in 


August.  In general, recovery net samples were collected 16 times per month during Phase 


III with each of the four pump turbines being sampled four times per month.  


 


     A total of  3129 unit hours of pumping operation occurred at RBR Dam between the 


months of April to October.  This total approximates an anticipated average water year of 


pumping  operation  of 3830 unit hours during these same months.  Phase III operation 


was substantially  greater (factor of 4) than anticipated wet year pumping operation of  


803 unit hours and about 33 percent less than dry  year condition pumping operation of 


4633 unit hours for the same months.   The Phase III data set should be a good predictor 


of fish  entrainment to be expected under average water year conditions  (Table E-1). 


 


Table E-1.  Summaries of Phase III sampling effort (in unit hours netted) compared to 
total Phase III pumping operation (in unit hours) and projected total plant pumping 
operation (in unit hours) for all pump units combined for each month of Phase III 
sampling.  
 


 
   


Month 


 
Total hrs. 


Netted 
Phase III 


 
Total hrs. 
Pumping 
Phase III 


 
Projected hrs. 
Pumping Wet 


Year 


 
Projected hrs. 


Pumping 
Average Year 


 
Projected hrs. 
Pumping Dry 


Year 
 


January 
 


 
 


 
 


0 
 


389.7 
 


690.8 
 


February 
 


 
 


 
 


33.1 
 


314.9 
 


629.7 
 


March 
 


 
 


 
 


0 
 


194.9 
 


478.3 
 


April 
 


66.3 
 


159.9 
 


34.3 
 


308.6 
 


497.1 
 


May 
 


66.9 
 


364.4 
 


35.4 
 


389.7 
 


549.1 
 


June 
 


65.5 
 


256.5 
 


68.6 
 


497.1 
 


634.3 
 


July 
 


73.5 
 


604.6 
 


194.9 
 


690.9 
 


744.0 
 


August 
 


84.4 
 


544.6 
 


141.7 
 


690.9 
 


744.0 
 


September 
 


78.0 
 


649.4 
 


257.1 
 


668.6 
 


720.0 
 


October 
 


82.5 
 


549.6 
 


70.9 
 


584.6 
 


744.0 
 


November 
 


 
 


 
 


0 
 


394.3 
 


685.7 
 


December 
 


 
 


 
 


35.4 
 


442.9 
 


690.9 
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Total Phase 
III 


517.1 3129 802.9 3830.4 4632.5 


 
Total Year 


 
517.1 


 
3129 


 
871.4 


 
5567.1 


 
7807.9 


 
Phase III Pumpback Netting Results 


 


     During Phase III, a total of 577,686 fish with a biomass of  3441 kilograms were 


collected by full recovery  netting (net covers all or most of exit jet) or partial recovery 


netting (net covers one of two bays of intake flow) during  pumped storage operation.  


This estimate is corrected for net efficiency and for coverage for partial recovery netting.  


The number of recovered fish was expanded to estimate total power plant passage during 


pumping operation by calculating an arithmetic mean monthly passage rate (fish/hour)  


separately for each of the four pump units.  An overall species specific entrainment rate 


for the power house was obtained as the mean of the entrainment rate of each unit.  


Basing the overall entrainment rate on the mean of  the mean entrainment rate for each 


unit prevented the overall entrainment rate from being biased by units that were sampled 


proportionally more than other units.  A monthly estimate of entrainment was obtained by 


 expanding the calculated rate by the total number of unit hours of operation for that 


month.   During Phase III, a minimum of sixteen net samples were collected per month 


with each sampling duration lasting a minimum of four hours.  A total of 3,853,317 fish  


greater than or equal to 1.5-inches long having a biomass of 17,673 kg were estimated to 


have been entrained through the pump units during Phase III pumpback operation (Table 


E-2).   An additional 85 fish having a biomass of 56 kg  were estimated to have been 


impinged on the bar screen veneers that physically  exclude fish greater than about 12 


inches long from entering the draft tube openings during pumping operation (Table E-3 


and E-4). Total impingement of fish on the bar rack veneers during Phase III sampling 


was estimated at 326 fish with a biomass of 172 kg.   Impingement of fishes on the 


screens is a very minor component of impact on the fish community of J Strom Thurmond 


Lake resulting from  pumped storage operation of Richard B. Russell Dam (Table E-3 


and E-4). 


 


     Phase III monitoring  did not include sampling of  pumped storage entrainment in the 


months of November, December, January, February, or March.  Phase II data, collected 


from August 1993 to August of 1994, were reanalyzed to develop species-specific 


proportionalities, defined as (annual entrainment)/(April-October entrainment), that were 
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used to expand Phase III entrainment data to provide an estimate of annual entrainment 


that could be reasonably expected to occur during unsampled months to generate an 


annual estimate of turbine loss for each commonly entrained species.  This proportionality 


should be considered an approximate guide only because the relative abundances of fish 


can change substantially, particularly species that reproduce in large numbers like 


threadfin shad.  Table E-5 presents the results of this expansion for entrainment without 


adjusting for turbine passage survival..  Note that threadfin shad is the only commonly 


entrained fish for which winter time entrainment totals approached April-October 


entrainment totals for dry year conditions (48% of threadfin shad recovered during Phase 


III months).  Using the expanded annual summaries, a total entrainment of about 


10.1million could be reasonably expected to occur during an annual period of pumping 


operation under dry conditions compared to annual total entrainment of about 1.2 million 


that could be reasonably expected to occur during wet conditions.  In both cases, 


entrainment is dominated by threadfin shad (92 percent in dry years and 94 percent in wet 


years). 


 


Adjustments for Survival for Pumpback 


 


     Passage survival studies for entrained fish during pumping operation found mortality 


ranging from  0.0 percent to 100.0 percent and was  dependent upon the species tested 


and the month in which the test was conducted.  Corrected for survival, a total of  533,327 


fish having a biomass of 2327 kg were estimated to have been killed passing through the 


netted unit (Table E-6).   A total of 3.66 million fish having a biomass of 13,016 kg were 


estimated to have been killed by  pumped storage operation during Phase III testing 


(Table E-6).   The addition of survival information  changed  the numbers of fish 


impacted by pumping by only 4.9 percent because the numbers are dominated by 


threadfin shad passed during the late summer and early fall when estimated turbine 


passage mortality of threadfin shad approached  100.0 percent.  However, addition of 


survival information changed the biomass of  fish impacted by pumping by 26 percent 


because passage of  larger fish was greater during the spring months when estimated 


turbine passage mortality was  reduced.  Including survival into annual estimates of 


turbine passage produces a proportionally greater reduction in fish loss than including 


survival during Phase III.  Survival of passed fish is substantially greater during the cold 


water temperatures that characterize November through March (compare Table E-5 with 
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Table E-7).  Consequently, addition of survival information provides a substantial 


reduction in estimated total annual loss of fish other than threadfin shad.  Turbine passage 


mortality estimates are conservative because fish passage mortality is generally not 


reduced by mortality resulting from capture, handling, transport, and holding of fishes (all 


components of control mortality) associated with conducting mortality studies.  


Considerable effort was made to estimate control mortality with limited succes for 


abundant species such as blueback herring and threadfin shad, but with limited success, 


particularly in the summertime.  We did achieve some success for hardy species such as 


bluegill and catfish.  That is, for most species collected, recovered fish experienced stress 


from capture, handling, transport, and holding.  These stresses are known to result in 


mortality of some recovered fish, but were not incorporated into turbine passage mortality 


 estimates.   Consequently, our estimates of passage mortality are inflated by  mortality  


components not resulting from fish passage. 


 


Species Composition of Entrained Fish 


 


      The following general trends in fish entrainment data are based on net data (net 


sample expanded for efficiency and coverage) adjusted by survival information (Table E-


6).  Note, however, that percentages that each species will contribute to total entrainment 


will vary  by water year.  This variation occurs because of the interplay between seasonal 


patterns of entrainment and relative changes in the proportion of hours of pumping for 


each month.  The proportion that each month of pumpback capacity  contributes to total 


annual pumpback  capacity  will change with water year (Table E-1).  


 


      Based on Phase III data, threadfin shad (90.9 percent by number and 35.5 percent by 


biomass), blueback herring (6.4 percent by number and 33.7 percent by biomass),  white 


perch (1.3 percent by number and 19.2 percent by biomass), and black crappie (0.7 


percent by number and 6.1 percent by biomass) dominated the entrainment samples 


(Table E-6).  These four  species constituted 99.3 percent by number and 94.5 percent by 


biomass of the entrainment samples. Entrainment percentages for other  species important 


to the sport fishery of  JST Lake were largemouth bass (0.03 percent by number and 0.02 


percent by biomass), striped bass (0.02 by number and 0.78 percent by biomass), and 


hybrid bass (0.01 percent by number and 0.73 percent by biomass).  An additional 37 


striped bass and 14 hybrid bass were estimated to have impinged on the  bar screen 
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veneers used to physically exclude large fish from the turbines.   


 


Size Composition of  Pumpback Entrained Fishes 


 


      For purposes of comparability,  fish  size categories used to describe predicted 


entrainment in the Final Supplement to the Environmental Impact Statement are used to 


describe Phase III fish entrainment in this report.  Size composition of entrained fishes 


reflected species composition with 90 percent of  netted entrained fishes occurring in the 


1.5- to 3.4-inch size class (Table E-8), the same percentage as the percent composition of 


threadfin shad (Table E-6).  Nearly 100 percent of all fishes entrained were less than 8.5 


inches long (Table E-8).  The abundance of the next two size classes appears to be 


inverted with the 3.5- to 5.4-inch size class at 4 percent of the total being less abundant 


than the 5.5- to 8.4-inch size class at 6 percent of the total being slightly more abundant 


(Table E-8).   The apparent inversion in  abundance of the next two size classes reflects 


both the increased number of inch classes in the 5.5- to 8.4 inch size category and also 


reflects species composition of entrained fish.  Blueback herring, the second most 


abundant species in the entrainment sample occur mostly  in the 5.5- to 8.4 inch size 


class.  Substantially less than one percent (0.15 percent) of  the entrainment sample was in 


the greater than 8.5 inch size class. 


 


     Size composition of  key sport species entrained during Phase III sampling also was 


generally characterized  by the smaller size classes (Table E-8) .  The most commonly 


entrained sport fish was white perch (Table E-6).  Of the 26,459 white perch estimated to 


have been  killed passing through the turbines during Phase III,  about  34 percent were of 


harvestable size (greater than or equal to 6.5 inches long) with the intermediate size class 


(4.5- to 6.4-inch fish) containing 56 percent of the sample.  About 10 percent of the 


sample was in the fingerling (less than 4.4 inches in length) size class.   Similarly, total 


black crappie numbers killed by  passage through the pump turbines was estimated at 


20,104 with intermediate-size (4.5 to 6.4 inches) fish dominating the sample (86 percent 


of the total) and only  about 7 percent of the total take of black crappie was in the 


harvestable size class (greater than 6.5 inches in length). 


 


     Striped bass and hybrid bass entrainment was identified as a key issue early in project 


planning.  Both state resource agencies stock hybrid bass and striped bass and both 


species are considered to be valuable sport fishes important to the economies of the local 
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area.  Unlike for  black crappie and white perch, four size classes were used to 


characterize  striped bass and hybrid bass entrainment  (Table E-8) so that entrainment of 


 large fish (greater than 14 inches long), of special interest to anglers and resource 


agencies, could be described.   A total of 595 striped bass were estimated to have been  


killed passing through the dam (556) or impinged on the barrack veneer  (39) during 


Phase III sampling (Tables E-6 and E-4) .   Of the total, 97 percent were less than 15 


inches long and only 3 percent were 15 inches long or longer (Table E-8).  Similarly,  90 


percent of the total 260 hybrid bass estimated to either have been killed either passing 


through the dam (246) or impinged on the bar screen veneer (14) during Phase III 


sampling (Tables E-6 and E-4) were less than 15 inches long and only 10 percent were 15 


inches long or longer (Table E-8).  
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Table E-2.  (Continued).  Summaries of numbers and biomass for fish greater than or equal to 1.5-inches long based on Phase III netting months, estimated Phase III totals, projected wet 
water year (25% exceedance), projected average water year (50% exceedance), and projected dry water year (75% exceedance) for all species recovered during Phase III sampling. Note 
that shifts in relative abundance may occur between species. These shifts occur because the numbers of hours of pumpback operation is not constant and changes substantially across Phase 
III sampling and different water years.  Data are not  adjusted for passage survival.  All projections include 2 & 3 standard deviations of the mean. 
 
  
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3 
                     EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR    STAND. ERROR 
 
THREADFIN SHAD        498599      86.31        866        25.15       3452839         4702682         5327604         5755           7796             8817 
BLUEBACK HERRING       46119       7.98       1061        30.82        255131          521386          654514         5841          12147            15300 
WHITE PERCH            13518       2.34        903        26.24         49937           73867           85831         3146           4711             5494 
BLACK CRAPPIE           8104       1.40        253         7.35         41004           73912           90366         1313           2301             2796 
CHANNEL CATFISH         2801       0.48        121         3.51         14087           20003           22962          563            846              988 
YELLOW PERCH            2415       0.42         45         1.31          9884           16614           19979          183            297              354 
BLUEGILL                2227       0.39         27         0.78         11765           17426           20257          152            222              257 
SPOTTAIL SHINER         1533       0.27         14         0.41          5566            9028           10759           51             84              100 
 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR       NUMBER       STAND. ERROR    STAND. ERROR      MASS(KG) 
 
 1003164        1364652         1545396         1657           2237             2527           4053373         5522892         6257651           6826 
   40668          77881           96488          917           1768             2194            299678          603173          754920           6900 
    8690          12599           14553          538            790              916             72889          106661          123548           4721 
    6251          10459           12564          218            353              420             50431           88427          107425           1608 
    2708           3764            4293          111            161              186             17195           24260           27792            721 
    2103           3510            4214           39             63               75             14473           23836           28518            270 
    2856           4207            4883           39             57               66             15727           23748           27759            195 
    1122           1852            2217           10             17               20              8819           14352           17118             80 
 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
STAND. ERROR    STAND. ERROR       NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR 
 
     9262           10480        4538666        6205194         7038457         7741          10562            11973 
    14137           17755         395655         803259         1007062         9103          18844            23714 
     6946            8058         106649         155175          179439         7046          10287            11908 
     2749            3319          68892         121243          147419         2162           3718             4496 
     1064            1235          22983          32477           37224          983           1447             1679 
      429             509          19891          32437           38710          373            588              695 
      288             334          19561          29657           34705          239            353              410 
      133             160          12654          20533           24473          116            192              230 
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Table E-2. (Continued) 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3 
                     EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR    STAND. ERROR 
 
GIZZARD SHAD             598       0.10         44         1.27          3866            7484            9292          218            386              469 
WHITE CATFISH            592       0.10         17         0.50          3645            5785            6855          102            203              253 
STRIPED BASS             255       0.04         37         1.08          1004            1634            1949          128            195              229 
LARGEMOUTH BASS          189       0.03          1         0.02          1200            2421            3032            4              9               12 
HYBRID BASS              140       0.02         36         1.04           485             863            1052          111            204              250 
LONGNOSE GAR             101       0.02          2         0.05           423            1153            1519            9             28               37 
CHAIN PICKEREL            67       0.01          0         0.00           268             550             691            0              0                1 
WHITE CRAPPIE             67       0.01          5         0.15           351             717             901           28             58               73 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR       NUMBER       STAND. ERROR    STAND. ERROR      MASS(KG) 
 
    1183           2304            2864           57            101              122              4468            8669           10770            297 
     894           1432            1702           27             54               68              4094            6508            7715            120 
     182            314             380           22             35               42              1397            2258            2689            191 
     343            674             839            1              3                3              1465            2961            3709              6 
      76            127             152           20             37               45               719            1214            1462            183 
     116            315             415            3             10               13               786            2152            2835             12 
      73            150             188            0              0                0               507            1027            1288              0 
      61            128             161            6             12               16               410             837            1051             33 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
STAND. ERROR    STAND. ERROR     NUMBER      STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR 
 
      528             644           5030           9719           12064          374            665              810 
      241             302           4912           7803            9249          142            287              359 
      285             332           2026           3226            3827          289            425              493 
       15              19           1656           3368            4224            7             18               24 
      328             400           1097           1824            2188          281            494              600 
       34              46            993           2723            3588           14             40               53 
        1               1            643           1300            1628            0              1                1 
       68              86            559           1135            1424           44             91              114 
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Table E-2.  (Continued) 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3 
                     EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR    STAND. ERROR 
 
WARMOUTH                  66       0.01          2         0.07           308             621             777           11             22               28 
GOLDEN SHINER             64       0.01          0         0.01           228             670             890            1              3                3 
BROWN BULLHEAD            35       0.01          1         0.04           210             492             633            6             17               22 
TESSELATED DARTER         35       0.01          0         0.01           199             643             865            2              6                8 
BLACK BULLHEAD            22       0.00          1         0.04           138             376             495            8             22               30 
WHITEFIN SHINER           21       0.00          0         0.01           107             524             733            1              4                6 
SPOTTED BASS              20       0.00          0         0.01           135             356             466            1              4                6 
GREEN SUNFISH             18       0.00          1         0.02            79             292             399            2              8               11 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR       NUMBER       STAND. ERROR    STAND. ERROR       MASS(KG) 
 
      63            133             168            2              4                5               439             869            1084             14 
      57            168             224            0              1                1               390            1135            1507              1 
      59            139             179            1              4                5               263             620             799              9 
      60            190             255            1              2                2               256             839            1131              2 
      45            121             159            2              4                6               150             410             540              9 
      20             99             139            0              1                1               147             710             992              1 
      52            133             174            0              1                2               145             387             508              2 
      11             39              53            0              2                2               102             378             516              4 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
STAND. ERROR    STAND. ERROR      NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR 
 
       29              37            576           1130            1407           19             40               51 
        4               5            527           1516            2010            2              5                7 
       28              37            316            750             968           12             37               49 
        8              11            286            942            1271            3              9               12 
       25              33            174            477             629           11             33               44 
        6               8            184            886            1237            2              7               10 
        8              10            157            421             553            3             10               13 
       15              20            145            539             737            6             23               32 
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Table E-2. (Continued) 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3 
                     EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR    STAND. ERROR 
 
REDBREAST                 15       0.00          0         0.01            88             228             297            2              6                8 
REDEAR                    14       0.00          1         0.04            80             409             574           11             56               78 
SILVER REDHORSE           13       0.00          1         0.04            88             438             613            7             35               49 
FLATHEAD CATFISH           8       0.00          2         0.05            55             169             226           11             40               54 
WHITE BASS                 7       0.00          1         0.04            35             126             172            5             17               24 
YELLOW BULLHEAD            6       0.00          0         0.01            29             153             215            1              6                9 
BLACKBANDED DARTER         3       0.00          0         0.00            15             132             191            0              0                0 
CREEK CHUB                 3       0.00          0         0.00             9              78             113            0              0                0 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)    STAND. ERROR      STAND. ERROR       NUMBER       STAND. ERROR    STAND. ERROR      MASS(KG) 
 
      21             55              72            1              1                2               111             291             381              3 
      22            115             161            4             21               29                98             502             703             13 
      11             56              78            1              3                5                93             466             653              8 
      20             59              79            4             16               22                61             188             251             11 
      10             37              51            1              5                7                50             180             244              8 
       6             32              45            0              1                1                35             185             260              1 
       1             13              19            0              0                0                16             141             204              0 
       2             17              24            0              0                0                17             151             219              0 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
STAND. ERROR    STAND. ERROR       NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR 
 
        8              11            133            349             457            4             10               13 
       63              88            113            581             814           14             71               99 
       38              53            119            597             836           11             53               74 
       41              56             66            202             270           12             44               60 
       29              39             60            215             292           11             40               55 
        7              10             41            216             304            2             10               13 
        0               0             22            199             288            0              0                0 
        0               0             27            244             352            0              0                0 
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Table E-2.  (Continued). 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3 
                     EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)    STAND. ERRORS    STAND. 
ERRORS 
 
NORTHERN HOGSUCKER         3       0.00          0         0.00            11              55              76            0              0                0 
RIVER CHUB                 3       0.00          0         0.00            17             151             218            0              0                0 
STRIPED KILLIFISH          3       0.00          0         0.00            15             135             195            0              0                0 
FLIER                      2       0.00          0         0.00            16             148             214            0              0                0 
                    --------    -------    --------    -------    ------------    ------------    ------------    ---------    -------------    ------------- 
    TOTALS            577686      99.96       3442       100.08       3853317         5461721         6265925        17673          29733            35766 
 
 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER      STAND. ERROR    STAND. ERROR    MASS(KG)     STAND. ERROR     STAND. ERROR       NUMBER          STAND.          STAND.         MASS(KG) 
 
       3             15              20            0              0                0                21             106             148              0 
       2             15              21            0              0                0                18             161             233              0 
       1             13              19            0              0                0                16             145             209              0 
       4             39              56            0              0                0                21             188             272              0 
---------    ------------    ------------    ---------    -------------    -------------    ------------    ------------    ------------    ------------ 
 1070960        1485856         1693305         3682           5764             6803           4548880         6441027         7387104          22249 
 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
  STAND. ER       STAND. ER       NUMBER      STAND. ERROR    STAND. ERROR    MASS(KG)    STAND. ERRORS    STAND. ERRORS 
 
        0               0             27            135             189            0              0                0 
        0               0             25            227             328            0              0                0 
        0               0             23            204             294            0              0                0 
        0               0             23            203             293            0              0                0 
------------    ------------    ---------    ------------    ------------    ---------    -------------    ------------- 
    36817           44098        5204911        7441106         8559210        29026          48404            58091 
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Table E-3.  Summary of fish impinged on the bar screen veneers during Phase III sampling, expanded for total Phase III impingement, and projected for different water years.   
Projections are for April through October time frame. 
 
 


PHASE III IMPINGEMENT SUMMARY 
 


 
Species 


 
Expanded 
Number  


Collected 


 
Percent  


By  
Number 


 
Expanded 
Mass(Kg) 
Collected 


 
Percent 


By  
Mass 


 
Phase III 
Expanded 
Numbers 


 
Phase III 


Total 
Mass(Kg) 


 
Projected 
Wet Year 
Number 


 
Projected 
Wet Year 
Mass(Kg) 


 
Projected 
Avg. Year 
Number 


 
Projected 
Avg. Year 
Mass(Kg) 


 
Projected 
Dry Year 
Number 


 
Projected 
Dry Year 
Mass(Kg) 


 
White Perch 


 
32 


 
37.65 


 
5.19 


 
9.27 


 
98.34 


 
17.31 


 
17.65 


 
2.98 


 
169.97 


 
27.04 


 
258.0 


 
41.17 


 
Gizzard Shad 


 
17 


 
20.00 


 
5.38 


 
9.61 


 
70.21 


 
21.46 


 
17.57 


 
5.35 


 
109.18 


 
34.16 


 
145.6 


 
46.02 


 
Hybrid Bass 


 
10 


 
11.76 


 
13.42 


 
23.96 


 
32.85 


 
39.89 


 
6.08 


 
7.74 


 
52.9 


 
68.15 


 
80.08 


 
105.45 


 
Longnose Gar 


 
9 


 
10.59 


 
25.48 


 
45.49 


 
48.38 


 
60.68 


 
4.77 


 
5.98 


 
52.49 


 
65.86 


 
73.94 


 
92.74 


 
Striped Bass 


 
8 


 
9.41 


 
4.48 


 
8.00 


 
39.20 


 
22.60 


 
10.74 


 
6.14 


 
54.01 


 
30.90 


 
68.24 


 
38.44 


 
Channel 
Catfish 


 
5 


 
5.88 


 
0.79 


 
1.41 


 
20.99 


 
3.91 


 
2.63 


 
0.42 


 
26.91 


 
4.48 


 
39.81 


 
6.37 


 
Black 


Crappie 


 
2 


 
2.35 


 
0.15 


 
0.27 


 
4.88 


 
0.37 


 
1.04 


 
0.07 


 
9.42 


 
0.72 


 
15.18 


 
1.16 


 
Yellow Perch 


 
1 


 
1.18 


 
0.26 


 
0.46 


 
5.42 


 
1.41 


 
0.53 


 
0.14 


 
5.88 


 
1.53 


 
8.28 


 
2.15 


 
Common Carp 


 
1 


 
1.18 


 
0.86 


 
1.54 


 
5.37 


 
4.60 


 
0.53 


 
0.45 


 
5.83 


 
4.99 


 
8.21 


 
7.03 


 
Total 


 
85 


 
100.00 


 
56.01 


 
100.00 


 
325.64 


 
172.23 


 
61.54 


 
29.27 


 
483.59 


 
237.83 


 
697.34 


 
340.53 


 
 
 
Table E-4.  Summary of striped bass and hybrid bass size composition for fish impinged on the bar screen veneers during Phase III sampling, expanded totals for Phase III, and 
projected for different water years.  Projections are for April through October time frame. 
 
 


PHASE III HYBRID AND STRIPED BASS IMPINGEMENT SUMMARY  
 


 
Expanded 


 
Percent  


 
Expanded 


 
Percent 


 
Phase III 


 
Phase III 


 
Projected 


 
Projected 


 
Projected 


 
Projected 


 
Projected 


 
Projected  


Species 
 


Number  
 


By  
 


Mass (Kg) 
 


By  
 


Expanded 
 


Total 
 


Wet Year 
 


Wet Year 
 


Avg. Year 
 


Avg. Year 
 


Dry Year 
 


Dry Year  
 


 
Collected 


 
Number 


 
Collected 


 
Mass 


 
Numbers 


 
Mass (Kg) 


 
Number 


 
Mass (Kg) 


 
Number 


 
Mass (Kg) 


 
Number 


 
Mass (Kg)  


Striped Bass 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


  
< or = 4" 


 
0 


 
0.00 


 
0 


 
0.00 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0  


5" - 8" 
 


1 
 


5.56 
 


0.09 
 


0.50 
 


2.44 
 


0.23 
 


0.52 
 


0.05 
 


4.71 
 


0.44 
 


7.59 
 


0.71  
9" - 14" 


 
4 


 
22.22 


 
1.29 


 
7.21 


 
21.38 


 
8.88 


 
6.34 


 
2.77 


 
28.22 


 
10.73 


 
35.43 


 
12.34  


> or = 15" 
 


3 
 


16.67 
 


3.10 
 


17.32 
 


15.38 
 


13.49 
 


3.88 
 


3.32 
 


21.08 
 


19.73 
 


25.22 
 


25.39  
Hybrid Bass 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
  


< or = 4" 
 


0 
 


0.00 
 


0 
 


0.00 
 


0 
 


0 
 


0 
 


0 
 


0 
 


0 
 


0 
 


0  
5" - 8" 


 
0 


 
0.00 


 
0 


 
0.00 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0  


9" - 14" 
 


0 
 


0.00 
 


0 
 


0.00 
 


0 
 


0 
 


0 
 


0 
 


0 
 


0 
 


0 
 


0  
> or = 15" 


 
10 


 
55.56 


 
13.42 


 
74.97 


 
32.85 


 
39.89 


 
6.08 


 
7.74 


 
52.9 


 
68.15 


 
80.08 


 
105.45  


Total 
 


18 
 


100.00 
 


17.90 
 


100.00 
 


72.05 
 


62.49 
 


16.82 
 


13.63 
 


106.91 
 


99.05 
 


148.32 
 


143.89 
 


Table E-5. (Continued).   Annual projected entrainment obtained by expanding Phase III entrainment using an expansion factor defined as (Phase II annual entrainment) divided  by 
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(Phase II April October entrainment).  These data are for all fish greater than or equal to 1.5-inches long and the data are not adjusted for passage survival.  Missing values indicate that a 
species was not recovered during Phase II November-March and a 1.0 indicates that a species was not recovered during the April-October time period.  The expansion factor was also 
applied to the mean hourly entrainment rate, by month, for projected entrainment for wet, average, and dry water years.  Projections for entrainment of 2 and  3 standard errors of the 
mean area also provided. 
 
                        ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
                          WET YR          WET YR        WET YR       PII EXPANSION         WET YR            WET YR         WET YR       PII EXPANSION 
NAME                 ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      WET YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      WET YR (KG) 
 
THREADFIN SHAD          1131503.90      1539238.91    1743106.41        0.88658            1732.54          2338.98        2642.20          0.95640 
BLUEBACK HERRING          41390.69        79264.98      98202.64        0.98254             939.83          1812.01        2248.62          0.97571 
WHITE PERCH                8693.86        12604.59      14559.46        0.99956             540.50           793.67         920.26          0.99537 
BLACK CRAPPIE              6259.27        10472.83      12580.62        0.99868             218.00           353.00         420.00          1.00000 
CHANNEL CATFISH            2829.22         3932.49       4485.17        0.95715             140.21           203.37         234.95          0.79167 
YELLOW PERCH               2459.53         4105.06       4928.41        0.85504              44.45            71.80          85.48          0.87743 
BLUEGILL                   2886.44         4251.83       4935.04        0.98946              40.16            58.69          67.96          0.97115 
SPOTTAIL SHINER            1171.16         1933.14       2314.14        0.95803              10.37            17.63          20.74          0.96429 
GIZZARD SHAD               1820.09         3544.79       4406.37        0.64997              71.67           127.00         153.41          0.79528 
WHITE CATFISH               910.24         1458.01       1732.91        0.98216              27.35            54.70          68.88          0.98726 
STRIPED BASS                186.77          322.24        389.97        0.97444              22.31            35.50          42.60          0.98592 
LARGEMOUTH BASS             347.44          682.72        849.86        0.98722               1.00             3.00           3.00          1.00000 
 
   ANN. PROJ.       ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ. 
    AVE. YR            AVE. YR        AVE. YR     PII EXPANSION         AVE. YR          AVE. YR        AVE. YR       PII EXPANSION         DRY YR 
ENTRAINMENT (#)     + 2 SE (#)     + 3 SE (#)      AVE. YR (#)     ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      AVE. YR (KG     ENTRAINMENT (#) 
 
   6729098.13       9168680.56    10388470.95        0.60236            9638.23          11532.01       13048.52         0.80316          9316803.21 
    318434.79        640925.48      802170.29        0.94110            9922.02          15408.94       19352.46         0.91745           433431.15 
     74099.75        108432.73      125600.24        0.98366            7204.80           7102.55        8239.61         0.97796           109456.79 
     50689.52         88880.29      107975.68        0.99490            2166.00           2754.09        3325.15         0.99815            69465.43 
     21956.56         30977.97       35488.03        0.78314            2131.46           2307.09        2677.87         0.46119            32617.99 
     23302.74         38377.94       45916.35        0.62109             542.97            624.49         740.95         0.68696            40807.61 
     17341.82         26186.40       30609.24        0.90688             279.83            337.20         391.06         0.85409            22618.94 
     10491.55         17073.90       20364.48        0.84058             140.65            161.26         194.00         0.82474            15547.58 
     10456.71         20288.55       25205.64        0.42729             751.49           1060.92        1294.00         0.49768            17030.12 
      5002.07          7951.50        9426.22        0.81846             172.39            292.57         366.62         0.82374             6530.59 
      1762.48          2848.73        3392.49        0.79263             365.85            360.79         420.29         0.78993             2789.07 
      1500.92          3033.61        3799.95        0.97607               7.00             15.00          19.00         1.00000             1731.48 
 
 ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
     DRY YR         DRY YR     PII EXPANSION         DRY YR            DRY YR         DRY YR       PII EXPANSION 
 + 2 SE (#)     + 3 SE (#)      DRY YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      DRY YR (KG) 
 
12737789.34    14448280.35        0.48715           10737.05          14649.87       16606.98         0.72096 
  879952.16     1103213.75        0.91284           10342.62          21410.12       26943.30         0.88014 
  159260.35      184163.16        0.97435            7299.73          10657.45       12336.82         0.96524 
  122252.18      148646.06        0.99175            2168.70           3729.53        4509.94         0.99691 
   46092.08       52829.13        0.70461            2608.73           3840.12        4455.81         0.37681 
   66546.50       79415.95        0.48743             666.06           1049.98        1241.05         0.56001 
   34293.23       40130.37        0.86481             301.24            444.92         516.76         0.79340 
   25228.27       30069.23        0.81389             145.72            241.19         288.93         0.79605 
   32905.72       40845.21        0.29536            1079.13           1918.78        2337.16         0.34657 
   10374.23       12296.72        0.75215             187.73            379.42         474.60         0.75642 
    4441.04        5268.40        0.72641             413.00            607.36         704.53         0.69975 
    3521.52        4416.54        0.95641               7.16             18.41          24.55         0.97778 
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Table E-5.  (Continued). 
                        ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
                          WET YR          WET YR        WET YR       PII EXPANSION         WET YR            WET YR         WET YR       PII EXPANSION 
NAME                 ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      WET YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      WET YR (KG) 
 
HYBRID BASS                  85.41          142.72        170.81        0.88987              21.92            40.55          49.32          0.91250 
LONGNOSE GAR                116.00          315.00        415.00        1.00000               3.00            10.00          13.00          1.00000 
CHAIN PICKEREL               73.00          150.00        188.00        1.00000                .                .              .             . 
WHITE CRAPPIE                61.00          128.00        161.00        1.00000               6.00            12.00          16.00          1.00000 
WARMOUTH                     63.66          134.40        169.77        0.98958               2.00             4.00           5.00          1.00000 
GOLDEN SHINER                57.00          168.00        224.00        1.00000               0.00             1.00           1.00          1.00000 
BROWN BULLHEAD               60.12          141.64        182.40        0.98138               1.02             4.07           5.09          0.98246 
TESSELATED DARTER            60.00          190.00        255.00        1.00000               1.00             2.00           2.00          1.00000 
BLACK BULLHEAD               45.00          121.00        159.00        1.00000               2.00             4.00           6.00          1.00000 
WHITEFIN SHINER              73.33          363.00        509.67        0.27273                .                .              .             . 
SPOTTED BASS                 52.00          133.00        174.00        1.00000                .                .              .             . 
GREEN SUNFISH                11.00           39.00         53.00        1.00000                .                .              .             . 
 
   ANN. PROJ.       ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ. 
    AVE. YR            AVE. YR        AVE. YR     PII EXPANSION         AVE. YR          AVE. YR        AVE. YR       PII EXPANSION         DRY YR 
ENTRAINMENT (#)     + 2 SE (#)     + 3 SE (#)      AVE. YR (#)     ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      AVE. YR (KG     ENTRAINMENT (#) 
 
      1148.09          1938.50        2334.50        0.62626             459.50            536.35         654.09         0.61154             2133.93 
       786.00          2152.00        2835.00        1.00000              14.00             34.00          46.00         1.00000              993.00 
       507.00          1027.00        1288.00        1.00000               0.00              1.00           1.00         1.00000              643.00 
       620.44          1266.61        1590.45        0.66082              58.24             90.00         113.82         0.75556             1063.52 
       461.31           913.16        1139.08        0.95164              20.58             31.42          40.08         0.92308              632.08 
       390.00          1135.00        1507.00        1.00000               2.00              4.00           5.00         1.00000              527.00 
       293.61           692.15         891.98        0.89576              12.62             29.44          38.90         0.95122              377.64 
       310.20          1016.64        1370.46        0.82527               3.86             10.29          14.14         0.77778              371.60 
       150.00           410.00         540.00        1.00000              11.00             25.00          33.00         1.00000              174.00 
       523.53          2528.60        3532.91        0.28079                .                 .              .           0.00000              776.44 
       294.03           784.75        1030.11        0.49315                .                 .              .           0.00000              416.39 
       403.84          1496.57        2042.94        0.25258                .                 .              .            .                   771.77 
 
 ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
     DRY YR         DRY YR     PII EXPANSION         DRY YR            DRY YR         DRY YR       PII EXPANSION 
 + 2 SE (#)     + 3 SE (#)      DRY YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      DRY YR (KG) 
 
    3548.13        4256.20        0.51407             585.56           1029.41        1250.30         0.47989 
    2723.00        3588.00        1.00000              14.00             40.00          53.00         1.00000 
    1300.00        1628.00        1.00000               0.00              1.00           1.00         1.00000 
    2159.38        2709.21        0.52561              68.34            141.34         177.06         0.64384 
    1240.03        1544.00        0.91127              21.49             45.24          57.68         0.88421 
    1516.00        2010.00        1.00000               2.00              5.00           7.00         1.00000 
     896.30        1156.82        0.83677              12.90             39.77          52.67         0.93040 
    1223.94        1651.42        0.76964               3.90             11.70          15.60         0.76923 
     477.00         629.00        1.00000              11.00             33.00          44.00         1.00000 
    3738.73        5219.87        0.23698                .                 .              .           0.00000 
    1116.57        1466.65        0.37705                .                 .              .           0.00000 
    2868.87        3922.74        0.18788                .                 .              .           0.00000 
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Table E-5.  (Continued) 
 
                        ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
                          WET YR          WET YR        WET YR       PII EXPANSION         WET YR            WET YR         WET YR       PII EXPANSION 
NAME                 ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      WET YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      WET YR (KG) 
 
REDBREAST                      .               .             .           .                     .                .              .             . 
REDEAR                         .               .             .           .                     .                .              .             . 
SILVER REDHORSE              11.00           56.00         78.00        1.00000               1.00             3.00           5.00          1.00000 
FLATHEAD CATFISH             20.00           59.00         79.00        1.00000                .                .              .             . 
WHITE BASS                   30.00          111.00        153.00        0.33333               1.00             5.00           7.00          1.00000 
YELLOW BULLHEAD               6.00           32.00         45.00        1.00000               0.00             1.00           1.00          1.00000 
BLACKBANDED DARTER             .               .             .           .                     .                .              .             . 
CREEK CHUB                     .               .             .           .                     .                .              .             . 
NORTHERN HOGSUCKER             .               .             .           .                     .                .              .             . 
RIVER CHUB                     .               .             .           .                     .                .              .             . 
STRIPED KILLIFISH              .               .             .           .                     .                .              .             . 
FLIER                          .               .             .           .                     .                .              .             . 
 
   ANN. PROJ.       ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ. 
    AVE. YR            AVE. YR        AVE. YR     PII EXPANSION         AVE. YR          AVE. YR        AVE. YR       PII EXPANSION         DRY YR 
ENTRAINMENT (#)     + 2 SE (#)     + 3 SE (#)      AVE. YR (#)     ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      AVE. YR (KG     ENTRAINMENT (#) 
 
          .                .              .           .                     .                 .              .            .                      . 
          .                .              .           .                     .                 .              .            .                      . 
        93.00           466.00         653.00        1.00000              11.00             38.00          53.00         1.00000              119.00 
        99.72           307.34         410.33        0.61170             456.00           1558.00        2128.00         0.02632              133.06 
       257.14           925.71        1254.86        0.19444              49.50            130.50         175.50         0.22222              428.89 
        35.00           185.00         260.00        1.00000               2.00              7.00          10.00         1.00000               41.00 
          .                .              .           .                     .                 .              .            .                      . 
          .                .              .           .                     .                 .              .            .                      . 
          .                .              .           .                     .                 .              .            .                      . 
          .                .              .           .                     .                 .              .            .                      . 
          .                .              .           .                     .                 .              .            .                      . 
          .                .              .           .                     .                 .              .            .                      . 
 
 ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
     DRY YR         DRY YR     PII EXPANSION         DRY YR            DRY YR         DRY YR       PII EXPANSION 
 + 2 SE (#)     + 3 SE (#)      DRY YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      DRY YR (KG) 
 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
     597.00         836.00        1.00000              11.00             53.00          74.00         1.00000 
     407.26         544.35        0.49600             780.00           2860.00        3900.00         0.01538 
    1536.85        2087.26        0.13990              56.83            206.67         284.17         0.19355 
     216.00         304.00        1.00000               2.00             10.00          13.00         1.00000 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
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Table E-5.  (Concluded). 
 
 
                        ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
                          WET YR          WET YR        WET YR       PII EXPANSION         WET YR            WET YR         WET YR       PII EXPANSION 
NAME                 ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      WET YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      WET YR (KG) 
 
AMERICAN EEL                   .               .             .          1.00000                .                .              .            1.00000 
BLUEHEAD CHUB                  .               .             .          1.00000                .                .              .             . 
BROWN TROUT                    .               .             .          1.00000                .                .              .            1.00000 
CARP                           .               .             .          1.00000                .                .              .            1.00000 
COASTAL SHINER                 .               .             .          1.00000                .                .              .             . 
COOSA BASS                     .               .             .          1.00000                .                .              .            1.00000 
FLAT BULLHEAD                  .               .             .          1.00000                .                .              .            1.00000 
MADTOM                         .               .             .          1.00000                .                .              .             . 
RAINBOW TROUT                  .               .             .          1.00000                .                .              .            1.00000 
RIVER CARPSUCKER               .               .             .          1.00000                .                .              .            1.00000 
TADPOLE MADTOM                 .               .             .          1.00000                .                .              .             . 
                     ===============    ==========    ==========                      ================    ===========    =========== 
                        1201283.12      1664095.35    1895507.63                           3827.32          5955.97        7018.48 
 
   ANN. PROJ.       ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ. 
    AVE. YR            AVE. YR        AVE. YR     PII EXPANSION         AVE. YR          AVE. YR        AVE. YR       PII EXPANSION         DRY YR 
ENTRAINMENT (#)     + 2 SE (#)     + 3 SE (#)      AVE. YR (#)     ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      AVE. YR (KG     ENTRAINMENT (#) 
 
          .                .              .          1.00000                .                 .              .           1.00000                 . 
          .                .              .          0.83204                .                 .              .            .                      . 
          .                .              .          1.00000                .                 .              .           1.00000                 . 
          .                .              .          1.00000                .                 .              .           1.00000                 . 
          .                .              .          1.00000                .                 .              .            .                      . 
          .                .              .          1.00000                .                 .              .           1.00000                 . 
          .                .              .          1.00000                .                 .              .           1.00000                 . 
          .                .              .          1.00000                .                 .              .            .                      . 
          .                .              .          1.00000                .                 .              .           1.00000                 . 
          .                .              .          1.00000                .                 .              .           1.00000                 . 
          .                .              .          1.00000                .                 .              .           1.00000                 . 
===============    ===========    ===========                      ================    ===========    ===========                      =============== 
   7270509.94      10170902.70    11621100.20                          34422.97          44451.90       53382.06                         10078432.31 
 
 ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
     DRY YR         DRY YR     PII EXPANSION         DRY YR            DRY YR         DRY YR       PII EXPANSION 
 + 2 SE (#)     + 3 SE (#)      DRY YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      DRY YR (KG) 
 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          0.75599                .                 .              .            . 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .            . 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .            . 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .           1.00000 
===========    ===========                      ================    ===========    =========== 
14148221.68    16183128.40                          37525.89          63423.27       76369.91 
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Table E-6.  (Continued).  Summaries of numbers and biomasses for fish greater than or equal to 1.5-inches long based on Phase III netting months, estimated Phase III totals, projected wet 
water year (25% exceedance), projected average water year (50% exceedance), and projected dry water year (75% exceedance) for all species recovered during Phase III sampling. Note 
that shifts in relative abundance may occur between species. These shifts occur because the numbers of hours of pumpback operation is not constant and changes substantially across Phase 
III sampling and different water years.  All projections include 2 & 3 standard deviations of the mean. Data adjusted for passage survival. 
 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3  
                   EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR    STAND. ERROR 
 
THREADFIN SHAD        484648      90.87        826       35.49        3406181         4629135         5240613         5619           7575             8553 
BLUEBACK HERRING       34038       6.38        783       33.65         192479          386054          482842         4403           8960            11238 
WHITE PERCH             6917       1.30        446       19.15          26459           39084           45397         1594           2397             2799 
BLACK CRAPPIE           3843       0.72        143        6.13          20105           35094           42588          765           1298             1565 
BLUEGILL                1222       0.23         16        0.70           7113           10343           11958          101            146              169 
YELLOW PERCH             687       0.13         13        0.54           2961            4795            5713           54             85              101 
GIZZARD SHAD             575       0.11         37        1.58           3779            7313            9080          197            346              420 
SPOTTAIL SHINER          447       0.08          4        0.17           1734            2857            3419           15             26               32 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR       NUMBER       STAND. ERROR    STAND. ERROR      MASS(KG) 
 
  993025        1348895         1526830         1631           2195             2477           3976658         5402627         6115611           6608 
   33727          63325           78123          757           1424             1758            227763          450350          561644           5247 
    4729           6835            7887          276            407              472             38049           55674           64487           2362 
    3505           5661            6739          142            223              263             24914           42413           51163            939 
    1917           2762            3185           28             40               47              9102           13463           15644            124 
     707           1133            1345           13             20               24              4548            7198            8523             84 
    1163           2265            2816           53             92              111              4331            8406           10443            259 
     402            670             803            3              6                7              2915            4800            5743             26 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
STAND. ERROR    STAND. ERROR      NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR 
 
     8914           10066        4426610        6029906         6831554         7422          10056            11373 
    10531           13173         294110         587621          734376         6771          13760            17254 
     3491            4056          54939          79983           92504         3494           5123             5937 
     1559            1870          33154          56789           68606         1233           2064             2479 
      181             209          10858          16159           18809          145            214              248 
      129             151           5953           9362           11066          110            168              197 
      457             557           4839           9357           11616          318            562              685 
       44              54           3942           6471            7736           35             60               73 
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Table E-6.  (Continued). 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3 
                     EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR    STAND. ERROR 
 
CHANNEL CATFISH          246       0.05         10        0.43           1651            2289            2608           69            100              116 
LARGEMOUTH BASS          143       0.03          1        0.02            916            1839            2301            3              6                8 
STRIPED BASS             131       0.02         18        0.78            556             930            1117           68            108              127 
WHITE CATFISH             95       0.02          3        0.13            623            1001            1189           19             39               48 
HYBRID BASS               68       0.01         17        0.73            245             445             546           55            104              128 
CHAIN PICKEREL            47       0.01          0        0.00            188             380             476            0              0                0 
WHITE CRAPPIE             38       0.01          3        0.15            202             420             529           19             40               50 
WARMOUTH                  36       0.01          2        0.07            182             398             506            7             17               22 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR       NUMBER       STAND. ERROR    STAND. ERROR      MASS(KG) 
 
     435            600             682           18             26               30              1818            2523            2875             77 
     261            509             633            1              2                2              1100            2209            2764              4 
     105            188             229           12             20               24               748            1239            1485             97 
     196            316             376            6             12               15               680            1093            1299             22 
      37             64              77           10             18               22               354             610             738             89 
      51            103             129            0              0                0               359             722             903              0 
      42             88             111            4              9               12               240             498             627             22 
      39             88             112            1              3                4               250             531             671              9 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
STAND. ERROR    STAND. ERROR      NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR 
 
      112             130           2123           2954            3370           89            131              152 
        9              12           1237           2501            3134            5             11               14 
      150             176           1055           1718            2049          144            218              255 
       43              54            762           1223            1454           24             48               60 
      163             199            535            907            1093          135            242              296 
        1               1            457            917            1147            0              1                1 
       47              60            321            660             830           29             61               77 
       22              28            322            677             855           13             29               38 







 
 -25 


Table E-6.  (Continued). 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3 
                     EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR    STAND. ERROR 
 
GOLDEN SHINER             26       0.00          0        0.00            101             303             404            0              1                1 
SPOTTED BASS              16       0.00          0        0.01            110             288             378            1              2                3 
TESSELATED DARTER         15       0.00          0        0.01             81             262             352            1              3                3 
REDEAR                    11       0.00          1        0.05             60             309             433            9             46               65 
SILVER REDHORSE           10       0.00          1        0.03             70             350             490            4             18               25 
WHITEFIN SHINER           10       0.00          0        0.00             45             216             302            0              2                3 
REDBREAST                  9       0.00          0        0.01             56             144             189            1              4                5 
GREEN SUNFISH              8       0.00          1        0.03             31             114             156            2              6                8 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR       NUMBER       STAND. ERROR    STAND. ERROR      MASS(KG) 
 
      27             79             106            0              0                0               180             535             712              0 
      42            108             142            0              1                1               117             311             408              1 
      24             77             104            0              1                1               110             364             491              1 
      18             93             131            3             17               24                75             385             540             10 
       9             45              63            0              2                2                74             372             521              4 
      10             46              65            0              0                1                71             333             464              1 
      15             39              51            0              1                1                69             182             238              2 
       5             18              24            0              1                2                44             166             226              3 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
STAND. ERROR    STAND. ERROR      NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR 
 
        1               2            233            688             916            1              2                2 
        4               6            126            337             443            2              5                7 
        4               5            126            420             567            1              4                6 
       52              73             85            436             611           12             58               81 
       19              27             95            476             666            5             27               38 
        3               4             89            419             584            1              4                5 
        5               6             79            208             273            2              5                7 
       11              16             65            243             332            5             18               25 
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Table E-6.  (Continued). 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3 
                     EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR    STAND. ERROR 
 
BROWN BULLHEAD             6       0.00          0        0.00             46             105             134            1              2                2 
LONGNOSE GAR               6       0.00          0        0.02             30              81             106            2              6                9 
BLACK BULLHEAD             5       0.00          0        0.01             34              91             120            1              3                4 
WHITE BASS                 5       0.00          1        0.03             26              91             124            3             10               14 
BLACKBANDED DARTER         3       0.00          0        0.00             15             132             191            0              0                0 
CREEK CHUB                 3       0.00          0        0.00              9              78             113            0              0                0 
RIVER CHUB                 3       0.00          0        0.00             17             151             218            0              0                0 
STRIPED KILLIFISH          3       0.00          0        0.00             15             135             195            0              0                0 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR       NUMBER       STAND. ERROR    STAND. ERROR      MASS(KG) 
 
      14             32              42            0              0                1                52             120             153              1 
       9             23              31            1              2                3                50             133             175              2 
      12             32              42            0              1                1                36              96             127              1 
       8             27              37            1              3                4                35             123             168              4 
       1             13              19            0              0                0                16             141             204              0 
       2             17              24            0              0                0                17             151             219              0 
       2             15              21            0              0                0                18             161             233              0 
       1             13              19            0              0                0                16             145             209              0 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
STAND. ERROR    STAND. ERROR      NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR 
 
        2               3             57            132             169            1              3                4 
        7               9             61            164             215            3              8               10 
        3               4             39            106             140            1              4                5 
       16              22             40            144             196            6             22               29 
        0               0             22            199             288            0              0                0 
        0               0             27            244             352            0              0                0 
        0               0             25            227             328            0              0                0 
        0               0             23            204             294            0              0                0 
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Table E-6.  (Concluded). 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3 
                     EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR    STAND. ERROR 
 
FLATHEAD CATFISH           2       0.00          1        0.02             16              47              63            3             11               16 
FLIER                      2       0.00          0        0.00             16             148             214            0              0                0 
NORTHERN HOGSUCKER         2       0.00          0        0.00              8              39              55            0              0                0 
YELLOW BULLHEAD            1       0.00          0        0.00              6              31              44            0              1                1 
                    --------    -------    --------    -------    ------------    ------------    ------------    ---------    -------------    ------------- 
                      533327      99.98       2327       99.94        3666166         5125492         5855163        13016          21362            25535 
 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR       NUMBER       STAND. ERROR    STAND. ERROR      MASS(KG) 
 
       6             17              22            1              4                6                17              53              70              3 
       4             39              56            0              0                0                21             188             272              0 
       2             11              15            0              0                0                15              76             107              0 
       1              8              11            0              0                0                 7              39              55              0 
---------    ------------    ------------    ---------    -------------    -------------    ------------    ------------    ------------    ------------ 
 1040553        1434254         1631102         2961           4530             5315           4294869         5998430         6850212          16002 
 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
STAND. ERROR    STAND. ERROR      NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR 
 
       12              16             18             57              76            3             13               17 
        0               0             23            203             293            0              0                0 
        0               0             19             97             136            0              0                0 
        1               1              8             43              60            0              1                1 
------------    ------------    ---------    ------------    ------------    ---------    -------------    ------------- 
    25993           30990        4842477        6812252         7797138        20010          32922            39376 
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Table E-7.  (Continued).  Annual projected entrainment obtained by expanding Phase III entrainment using an expansion obtained from Phase II data.  The expansion factor was also applied 
to the mean hourly entrainment rate, by month, for projected entrainment for wet, average, and dry water years.  Projections for entrainment of 2 and 3 standard errors of the mean also 
provided. Data adjusted for passage survival. 
 
                        ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
                          WET YR          WET YR        WET YR       PII EXPANSION         WET YR            WET YR         WET YR       PII EXPANSION 
NAME                 ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      WET YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      WET YR (KG) 
 
THREADFIN SHAD          1077009.75      1462977.33    1655961.12        0.92202            1680.86          2262.11        2552.73          0.97033 
BLUEBACK HERRING          34121.18        64065.10      79036.05        0.98845             769.34          1447.22        1786.66          0.98396 
WHITE PERCH                4730.63         6837.35       7889.72        0.99966             277.84           409.71         475.15          0.99338 
BLACK CRAPPIE              3507.06         5664.33       6742.96        0.99941             142.00           223.00         263.00          1.00000 
BLUEGILL                   1927.99         2777.84       3203.27        0.99430              29.04            41.48          48.74          0.96429 
YELLOW PERCH                762.41         1221.80       1450.41        0.92732              13.87            21.33          25.60          0.93750 
GIZZARD SHAD               1578.53         3074.26       3822.12        0.73676              62.14           107.86         130.14          0.85294 
SPOTTAIL SHINER             415.22          692.03        829.40        0.96817               3.00             6.00           7.00          1.00000 
CHANNEL CATFISH             435.00          600.00        682.00        1.00000              18.00            26.00          30.00          1.00000 
LARGEMOUTH BASS             262.24          511.42        636.01        0.99526               1.00             2.00           2.00          1.00000 
STRIPED BASS                107.20          191.94        233.80        0.97949              12.24            20.41          24.49          0.98000 
WHITE CATFISH               196.00          316.00        376.00        1.00000               6.00            12.00          15.00          1.00000 
 
   ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ. 
    AVE. YR          AVE. YR       AVE. YR      PII EXPANSION         AVE. YR          AVE. YR        AVE. YR       PII EXPANSION         DRY YR 
ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      AVE. YR (#)     ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      AVE. YR (KG     ENTRAINMENT (#) 
 
   5763695.35      7830468.73    8863854.69        0.68995            8682.74          10428.18       11775.87         0.85480          7616835.07 
    237333.59       469273.68     585244.25        0.95967            7178.61          11164.96       13966.01         0.94322           313069.32 
     38582.60        56454.78      65391.38        0.98617            3554.39           3551.34        4126.10         0.98301            56175.25 
     24982.39        42529.42      51303.44        0.99726            1233.00           1559.00        1870.00         1.00000            33309.12 
      9662.28        14291.72      16606.97        0.94201             165.10            206.08         237.96         0.87828            11904.76 
      5821.91         9214.19      10910.33        0.78119             134.67            157.93         184.87         0.81680             8813.36 
      8283.50        16077.38      19973.36        0.52285             544.44            782.41         953.62         0.58409            12804.00 
      3450.94         5682.51       6798.88        0.84470              42.13             52.96          65.00         0.83077             4841.82 
      1868.57         2593.18       2954.98        0.97294              97.90            123.20         143.00         0.90909             2217.60 
      1120.80         2250.77       2816.27        0.98144               5.00              9.00          12.00         1.00000             1278.70 
       912.29         1511.13       1811.16        0.81992             172.23            179.40         210.50         0.83611             1394.17 
       705.96         1134.72       1348.59        0.96323              24.94             44.68          56.10         0.96250              807.84 
 
 ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
     DRY YR         DRY YR     PII EXPANSION         DRY YR            DRY YR         DRY YR       PII EXPANSION 
 + 2 SE (#)     + 3 SE (#)      DRY YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      DRY YR (KG) 
 
10375614.63    11755004.41        0.58116            9430.43          12777.21       14450.60         0.78703 
  625501.02      781716.34        0.93944            7390.79          15019.54       18833.37         0.91614 
   81782.79       94585.54        0.97799            3589.63           5263.21        6099.49         0.97336 
   57054.70       68926.99        0.99534            1236.05           2069.11        2485.14         0.99753 
   17716.79       20622.26        0.91207             176.10            259.89         301.19         0.82341 
   13860.35       16383.11        0.67545             152.55            232.99         273.20         0.72107 
   24758.64       30735.96        0.37793             751.29           1327.74        1618.34         0.42327 
    7948.11        9501.87        0.81416              43.86             75.19          91.48         0.79798 
    3085.63        3520.17        0.95734             105.18            154.82         179.64         0.84615 
    2585.30        3239.64        0.96739               5.00             11.00          14.00         1.00000 
    2270.32        2707.73        0.75672             190.82            288.88         337.91         0.75464 
    1296.57        1541.46        0.94326              25.57             51.14          63.93         0.93855 
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Table E-7.  (Continued).   
 
                        ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
                          WET YR          WET YR        WET YR       PII EXPANSION         WET YR            WET YR         WET YR       PII EXPANSION 
NAME                 ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      WET YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      WET YR (KG) 
 
HYBRID BASS                  39.77           68.79         82.76        0.93038              10.59            19.06          23.29          0.94444 
CHAIN PICKEREL               51.00          103.00        129.00        1.00000                .                .              .             . 
WHITE CRAPPIE                42.00           88.00        111.00        1.00000               4.00             9.00          12.00          1.00000 
WARMOUTH                     39.54           89.23        113.56        0.98623               1.00             3.00           4.00          1.00000 
GOLDEN SHINER                27.00           79.00        106.00        1.00000               0.00             0.00           0.00          1.00000 
SPOTTED BASS                 42.00          108.00        142.00        1.00000                .                .              .             . 
TESSELATED DARTER            24.00           77.00        104.00        1.00000                .                .              .             . 
REDEAR                         .               .             .           .                     .                .              .             . 
SILVER REDHORSE               9.00           45.00         63.00        1.00000               0.00             2.00           2.00          1.00000 
WHITEFIN SHINER              40.00          184.00        260.00        0.25000                .                .              .             . 
REDBREAST                      .               .             .           .                     .                .              .             . 
GREEN SUNFISH                 5.00           18.00         24.00        1.00000                .                .              .             . 
 
   ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ. 
    AVE. YR          AVE. YR       AVE. YR      PII EXPANSION         AVE. YR          AVE. YR        AVE. YR       PII EXPANSION         DRY YR 
ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      AVE. YR (#)     ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      AVE. YR (KG     ENTRAINMENT (#) 
 
       494.51          852.13       1030.93        0.71586             194.06            234.31         286.06         0.69565              884.39 
       359.00          722.00        903.00        1.00000                .                 .              .            .                   457.00 
       327.44          679.44        855.43        0.73296              34.80             56.40          72.00         0.83333              540.87 
       259.43          551.03        696.31        0.96366              13.93             23.57          30.00         0.93333              344.85 
       180.00          535.00        712.00        1.00000               1.00              1.00           2.00         1.00000              233.00 
       225.00          598.08        784.62        0.52000                .                 .              .           0.00000              309.96 
       126.13          417.39        563.01        0.87209               2.00              8.00          10.00         0.50000              155.57 
          .               .             .           .                     .                 .              .            .                      . 
        74.00          372.00        521.00        1.00000               5.00             19.00          27.00         1.00000               95.00 
       255.60         1198.80       1670.40        0.27778                .                 .              .            .                   378.25 
          .               .             .           .                     .                 .              .            .                      . 
       110.54          417.02        567.76        0.39806                .                 .              .            .                   205.00 
 
 ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
     DRY YR         DRY YR     PII EXPANSION         DRY YR            DRY YR         DRY YR       PII EXPANSION 
 + 2 SE (#)     + 3 SE (#)      DRY YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      DRY YR (KG) 
 
    1499.33        1806.80        0.60494             240.12            430.43         526.48         0.56222 
     917.00        1147.00        1.00000                .                 .              .            . 
    1112.07        1398.51        0.59349              39.68             83.47         105.37         0.73077 
     725.03         915.66        0.93375              14.20             31.68          41.51         0.91549 
     688.00         916.00        1.00000               1.00              2.00           2.00         1.00000 
     829.02        1089.78        0.40650                .                 .              .           0.00000 
     518.57         700.07        0.80992               1.50              6.00           9.00         0.66667 
        .              .           .                     .                 .              .            . 
     476.00         666.00        1.00000               5.00             27.00          38.00         1.00000 
    1780.75        2482.00        0.23529                .                 .              .            . 
        .              .           .                     .                 .              .            . 
     766.38        1047.08        0.31707                .                 .              .            . 
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Table E-7.  (Continued).   
 
                        ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
                          WET YR          WET YR        WET YR       PII EXPANSION         WET YR            WET YR         WET YR       PII EXPANSION 
NAME                 ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      WET YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      WET YR (KG) 
BROWN BULLHEAD               14.00           32.00         42.00        1.00000               0.00             0.00           1.00          1.00000 
LONGNOSE GAR                  9.00           23.00         31.00        1.00000               1.00             2.00           3.00          1.00000 
BLACK BULLHEAD               12.00           32.00         42.00        1.00000               0.00             1.00           1.00          1.00000 
WHITE BASS                   16.00           54.00         74.00        0.50000                .                .              .            0.00000 
BLACKBANDED DARTER             .               .             .           .                     .                .              .             . 
CREEK CHUB                     .               .             .           .                     .                .              .             . 
RIVER CHUB                     .               .             .           .                     .                .              .             . 
STRIPED KILLIFISH              .               .             .           .                     .                .              .             . 
FLATHEAD CATFISH              6.00           17.00         22.00        1.00000                .                .              .             . 
FLIER                          .               .             .           .                     .                .              .             . 
NORTHERN HOGSUCKER             .               .             .           .                     .                .              .             . 
YELLOW BULLHEAD               1.00            8.00         11.00        1.00000               0.00             0.00           0.00          1.00000 
TADPOLE MADTOM                 .               .             .          1.00000                .                .              .             . 
 
   ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ. 
    AVE. YR          AVE. YR       AVE. YR      PII EXPANSION         AVE. YR          AVE. YR        AVE. YR       PII EXPANSION         DRY YR 
ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      AVE. YR (#)     ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      AVE. YR (KG     ENTRAINMENT (#) 
 
        52.00          120.00        153.00        1.00000               1.00              2.00           3.00         1.00000               57.00 
        50.00          133.00        175.00        1.00000               3.00              7.00           9.00         1.00000               61.00 
        36.00           96.00        127.00        1.00000               1.00              3.00           4.00         1.00000               39.00 
       165.45          581.45        794.18        0.21154              27.00             72.00          99.00         0.22222              248.00 
          .               .             .           .                     .                 .              .            .                      . 
          .               .             .           .                     .                 .              .            .                      . 
          .               .             .           .                     .                 .              .            .                      . 
          .               .             .           .                     .                 .              .            .                      . 
        19.19           59.84         79.03        0.88571                .                 .              .           0.00000               21.18 
          .               .             .           .                     .                 .              .            .                      . 
          .               .             .           .                     .                 .              .            .                      . 
         7.00           39.00         55.00        1.00000               0.00              1.00           1.00         1.00000                8.00 
          .               .             .          1.00000                .                 .              .            .                      . 
 
 ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
     DRY YR         DRY YR     PII EXPANSION         DRY YR            DRY YR         DRY YR       PII EXPANSION 
 
 + 2 SE (#)     + 3 SE (#)      DRY YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      DRY YR (KG) 
     132.00         169.00        1.00000               1.00              3.00           4.00         1.00000 
     164.00         215.00        1.00000               3.00              8.00          10.00         1.00000 
     106.00         140.00        1.00000               1.00              4.00           5.00         1.00000 
     892.80        1215.20        0.16129              30.00            110.00         145.00         0.20000 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
      67.06          89.41        0.85000                .                 .              .           0.00000 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
 
      43.00          60.00        1.00000               0.00              1.00           1.00         1.00000 
        .              .          1.00000                .                 .              .            . 
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Table E-7.  (Concluded).  
 
                        ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
                          WET YR          WET YR        WET YR       PII EXPANSION         WET YR            WET YR         WET YR       PII EXPANSION 
NAME                 ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      WET YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      WET YR (KG) 
 
AMERICAN EEL                   .               .             .          1.00000                .                .              .             . 
BLUEHEAD CHUB                  .               .             .          1.00000                .                .              .             . 
BROWN TROUT                    .               .             .          1.00000                .                .              .            1.00000 
CARP                           .               .             .          1.00000                .                .              .            1.00000 
COASTAL SHINER                 .               .             .          1.00000                .                .              .             . 
COOSA BASS                     .               .             .          1.00000                .                .              .            1.00000 
FLAT BULLHEAD                  .               .             .          1.00000                .                .              .            1.00000 
MADTOM                         .               .             .          1.00000                .                .              .             . 
RAINBOW TROUT                  .               .             .          1.00000                .                .              .            1.00000 
RIVER CARPSUCKER               .               .             .          1.00000                .                .              .            1.00000 
                     ===============    ==========    ==========                      ================    ===========    =========== 
                        1125430.52      1549955.42    1762220.19                           3031.92          4615.18        5406.80 
 
   ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ. 
    AVE. YR          AVE. YR       AVE. YR      PII EXPANSION         AVE. YR          AVE. YR        AVE. YR       PII EXPANSION         DRY YR 
ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      AVE. YR (#)     ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      AVE. YR (KG     ENTRAINMENT (#) 
 
          .               .             .          1.00000                .                 .              .           1.00000                 . 
          .               .             .          0.66423                .                 .              .            .                      . 
          .               .             .          1.00000                .                 .              .           1.00000                 . 
          .               .             .          1.00000                .                 .              .           1.00000                 . 
          .               .             .          1.00000                .                 .              .            .                      . 
          .               .             .          1.00000                .                 .              .           1.00000                 . 
          .               .             .          1.00000                .                 .              .           1.00000                 . 
          .               .             .          1.00000                .                 .              .            .                      . 
          .               .             .          1.00000                .                 .              .           1.00000                 . 
          .               .             .          1.00000                .                 .              .           1.00000                 . 
===============    ==========    ==========                      ================    ===========    ===========                      =============== 
   6099161.48      8458854.38    9638701.96                          22117.93          28686.44       34144.10                          8067489.06 
 
 ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
     DRY YR         DRY YR     PII EXPANSION         DRY YR            DRY YR         DRY YR       PII EXPANSION 
 + 2 SE (#)     + 3 SE (#)      DRY YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      DRY YR (KG) 
 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          0.54749                .                 .              .            . 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .            . 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .            . 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .           1.00000 
===========    ===========                      ================    ===========    =========== 
11224191.88    12802543.00                          23433.77          38237.30       45635.62 
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Table E-8.  (Continued).   Summaries of numbers and biomass for different fish taxa greater than or equal to 1.5-inches long based on Phase III netting, estimated Phase III 
totals, projected wet water year (25 percent exceedance) for April to October, projected average water year (50 percent exceedance) for April to October,  and projected 
dry water year (75 percent exceedance) for April to October for all species recovered during Phase III sampling corrected for survivorship. Size classes for black crappie 
and white perch are  fingerling <= 4 inch fish, intermediate >4 & <=6, and harvestable >8.    Size classes for striped bass and hybrid bass are fingerling <= 4 inch fish, 
intermediate >4 & <=8, harvestable >8 & <= 14, and desirable > 14 inches.  Round-off errors produce small discrepancies between this table and Table E-6.   
 
 
ALL FISH 
          EXPANDED PERCENT EXPANDED PERCENT PHASE III PHASE III PROJECTED PROJECTED  PROJECTED   PROJECTED   PROJECTED PROJECTED 
FISH SIZE  NUMBER    BY    MASS(KG)   BY      TOTAL    TOTAL    WET YEAR  WET YEAR AVERAGE YEAR AVERAGE YEAR  DRY YEAR  DRY YEAR 
 (INCHES)  NETTED  NUMBER    NETTED  MASS    NUMBER    MASS(KG)  NUMBER    MASS(KG)    NUMBER     MASS(KG)     NUMBER   MASS(KG) 
 
1.5-3.5    477796   89.59     737    31.69   3370205     5123     983264     1490      3931395        5994     4370834     6684 
3.5-5.5     23638    4.43     322    13.85    128636     1734      26794      327       155351        2085      200008     2735 
5.5-8.5     31110    5.83    1089    46.83    164348     5473      29840      993       203783        6924      265442     9177 
 GT_8.5       783    0.15     177     7.61      3023      692        662      154         4390        1005        6260     1420 
         -------- ------- -------- ------- --------- --------- --------- --------- ------------ ------------ --------- --------- 
    SUM    533327  100.00    2327    99.98   3666212    13022    1040560     2964      4294919       16008     4842544    20016 
 
 
WHITE PERCH 
            EXPANDED PERCENT EXPANDED PERCENT PHASE III PHASE III PROJECTED PROJECTED   PROJECTED    PROJECTED  PROJECTED PROJECTED 
             NUMBER     BY   MASS(KG)    BY     TOTAL     TOTAL    WET YEAR  WET YEAR AVERAGE YEAR AVERAGE YEAR  DRY YEAR  DRY YEAR 
FISH SIZE    NETTED   NUMBER  NETTED    MASS    NUMBER   MASS(KG)   NUMBER   MASS(KG)    NUMBER      MASS(KG)     NUMBER   MASS(KG) 
 
FINGERLING     404     5.85      2      0.42     2706       13        693        3         3130          14        3592        17 
INTERMEDIATE  4008    57.95    186     42.15    14748      685       2514      117        21818        1013       31882      1481 
HARVESTABLE   2504    36.20    257     58.24     9005      897       1522      156        13100        1334       19466      1996 
            -------  ------  ------    ------  ------   ------    -------     ----      -------    ---------    -------   ------- 
     SUM      6916   100.00    445    100.81    26459     1595       4729      276        38048        2361       54940      3494 
 
               
BLACK CRAPPIE 
             EXPANDED PERCENT EXPANDED PERCENT PHASE III PHASE III PROJECTED PROJECTED   PROJECTED   PROJECTED   PROJECTED PROJECTED 
              NUMBER     BY   MASS(KG)    BY     TOTAL     TOTAL    WET YEAR  WET YEAR AVERAGE YEAR AVERAGE YEAR  DRY YEAR  DRY YEAR 
FISH SIZE     NETTED   NUMBER  NETTED    MASS    NUMBER   MASS(KG)   NUMBER   MASS(KG)    NUMBER      MASS(KG)     NUMBER   MASS(KG) 
 
FINGERLING      268     6.97       3     2.36     1327       17        204        3         1687          21        2294        29 
INTERMEDIATE   3242    84.35     109    76.47    16724      563       2806       94        20787         697       27897       938 
HARVESTABLE     333     8.67      30    20.90     2053      185        495       46         2440         221        2963       266 
             ------   ------   -----    -----   -------   -------    -------   ------     ------      ------      ------     ------- 
    SUM        3843    99.99     142    99.73    20104      765       3505      143        24914         939       33154      1233 
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Table E-8.  (Concluded). 
 
STRIPED BASS 
             EXPANDED PERCENT EXPANDED PERCENT PHASE III PHASE III PROJECTED PROJECTED   PROJECTED    PROJECTED  PROJECTED PROJECTED 
              NUMBER     BY   MASS(KG)    BY     TOTAL     TOTAL    WET YEAR  WET YEAR AVERAGE YEAR AVERAGE YEAR  DRY YEAR  DRY YEAR 
NAME          NETTED   NUMBER  NETTED    MASS    NUMBER   MASS(KG)   NUMBER   MASS(KG)    NUMBER      MASS(KG)     NUMBER   MASS(KG) 
 
FINGERLING        6     4.39      0      0.27       42         0        13         0          51           0           55         0 
INTERMEDIATE     58    44.19      4     19.60      262        15        43         2         334          19          467        28 
HARVESTABLE      66    50.19     13     74.42      248        50        49         9         355          71          522       106 
DESIRABLE         1     1.14      1      7.16        4         3         1         1           9           6           12        10 
               -----   -----   -----   ------    ------    ------    ------   ------      ------       -----        -----   -------- 
     SUM        131    99.91     18    101.45      556        68       106        12         749          96         1056       144 
 
 
HYBRID BASS    
             EXPANDED PERCENT EXPANDED PERCENT PHASE III PHASE III PROJECTED PROJECTED   PROJECTED   PROJECTED   PROJECTED PROJECTED 
              NUMBER     BY   MASS(KG)    BY     TOTAL     TOTAL    WET YEAR  WET YEAR AVERAGE YEAR AVERAGE YEAR  DRY YEAR  DRY YEAR 
NAME                   NUMBER  NETTED    MASS    NUMBER   MASS(KG)   NUMBER   MASS(KG)    NUMBER      MASS(KG)     NUMBER   MASS(KG) 
 
FINGERLING       0         0      0         0        0         0         -         -           -           -           -         -   
INTERMEDIATE    22     32.61      1      8.51       93         6        12         1         118           8         176        12 
HARVESTABLE     42     61.69      9     54.92      141        31        23         5         215          48         329        73 
DESIRABLE        4      5.64      6     36.99       12        19         2         4          20          33          31         50           
             --------  ------- -------   -------  ------  --------   -------   -------   ---------    ---------    -------    ------ 
      SUM       68     99.94     16    100.42      246        56        37        10         353          89         536        135 
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Conventional Generation Passage 


     Conventional generation passage was not monitored during Phase III studies.  In lieu 


of conventional generation monitoring during Phase III, the results of  netting surveys 


conducted prior to Phase III were employed to estimate conventional generation 


mitigation and are presented here to generally depict entrainment rates that would have 


been reasonable both during Phase III conventional generation monitoring and also 


during months not included in Phase III sampling.  Note that Phase III passage totals are 


generally low, with worst case passage estimated at 626,225,  and are not of the same 


magnitude as Phase III pumpback passage (Table E-9).   However, passage totals during 


non-Phase III months of November, December, January, February, and March are 


substantially higher than during the Phase III sampling, increasing the estimate of fish 


passing through the dam for a full annual cycle of 5,918,426 (Table E-10).  Considerable 


passage of fishes during the winter is common at hydropower dams,  particularly for 


threadfin shad.  Mortality  of  threadfin shad is common as the summer boom of threadfin 


shad is substantially reduced during winter die off.   The conventional generation data 


should be used with caution because in most cases the netting summaries represent 


passage when only a single unit was running in conventional generation mode.   Mean 


annual entrainment rates (fish/hour) by species  for  conventional generation netting are 


presented in Table E-11 to provide an estimate of species composition.  Entrainment is 


dominated by threadfin shad (87.3 percent), blueback herring (6.7 percent), and yellow 


perch (4.2 percent).   These three species together comprise 98.2 percent of entrainment 


by hourly rate.  No direct population estimates are available for threadfin shad and 


blueback herring in RBR Lake as were performed for JST Lake.  However, cove rotenone 


data were available to allow a comparison of the abundance ranking of  threadfin shad 


and yellow perch in the two reservoirs.   From the cove rotenone data, threadfin shad are 


the most abundant fish in RBR Lake.   Entrainment of sport fishes during conventional 


generation is relatively low for both the Phase III months and non-Phase III months 


compared to pumpback entrainment.  For example, only 72 striped bass, 304 hybrid bass, 


and 14,075 black crappie are projected to be entrained by worst case conventional 


generation compared to 2,789 striped bass, 2,134 hybrid bass, and 69,465 black crappie 


during worst case pumpback operation  (numbers not adjusted for passage survival).   


These comparisons are not adjusted for survival, although it is highly probable that 


survival during conventional generation is at least as great as during pumping operation.  
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Table E-9. (Continued).   Summaries of numbers of fish greater than or equal to 1.5-inches long estimated to have passed during conventional generation during Phase 
III and projected to pass during the Phase III months (April - October) of a wet water year (25 percent exceedance), average water year (50 percent exceedance),  and dry 
water year (75 percent exceedance) based on PrePhase III netting.   Data are not adjusted for passage survival.   
 
PHASE III    PHASE III     PHASE III   PHASE III    PHASE III     PHASE III 
                   PHASE III   PERCENT      PLUS 2        PLUS 3       TOTAL       PLUS 2        PLUS 3     PROJECTED 
                     TOTAL        BY     STAND. ERROR  STAND. ERROR   BIOMASS   STAND. ERROR  STAND. ERROR   WET YEAR 
NAME                 NUMBER     NUMBER      NUMBER        NUMBER         KG          KG            KG         NUMBER 
THREADFIN SHAD       172960    48.3080      314923        385904         230         408           496        195145 
BLUEBACK HERRING      79477    22.1981      141217        172087         451         759           913         55960 
YELLOW PERCH          52053    14.5385       73367         84023         247         330           371         19414 
WHITE CATFISH         20695     5.7803       31010         36167         284         424           494         21828 
BLUEGILL              10214     2.8529       15519         18171          35          55            65          8550 
BLACK CRAPPIE          8252     2.3049       19195         24667          42          96           122          4403 
BROWN BULLHEAD         4876     1.3618        9582         11935         109         219           274          6168 
WHITE PERCH            5229     1.4605        8152          9613          94         148           174           168 
WHITE CRAPPIE          1160     0.3239        2654          3402          16          37            47           438 
CHANNEL CATFISH         693     0.1937        1655          2136          10          26            34           520 
 
  WET YEAR      WET YEAR    WET YEAR    WET YEAR      WET YEAR                                  AVE YEAR      AVE YEAR 
   PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3       PROJECTED      PERCENT       PLUS 2        PLUS 3 
STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR  AVERAGE YEAR  AVERAGE YEAR  STAND. ERROR  STAND. ERROR 
   NUMBER        NUMBER        KG          KG            KG          NUMBER        NUMBER        NUMBER        NUMBER 
   352143        430642        247         425           514         255423         51.939       464346         568807 
    98598        119917        369         612           734         103350         21.016       182795         222518 
    27179         31061        120         158           177          61515         12.509        86771          99399 
    32661         38077        309         461           536          29205          5.939        43766          51047 
    12935         15128         28          45            54          13946          2.836        21126          24715 
    11210         14614         23          57            75           9894          2.012        23435          30206 
    12266         15315        128         258           323           7464          1.518        14724          18353 
      332           414          6          14            18           5447          1.108         8543          10091 
     1196          1576          6          18            24           1376          0.280         3206           4121 
     1436          1894          3           8            11            918          0.187         2271           2948 
 
AVE YEAR    AVE YEAR      AVE YEAR                 DRY YEAR      DRY YEAR    DRY YEAR    DRY YEAR      DRY YEAR 
  TOTAL      PLUS 2        PLUS 3     PROJECTED     PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3 
 BIOMASS  STAND. ERROR  STAND. ERROR   DRY YEAR  STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR 
   KG          KG            KG         NUMBER      NUMBER        NUMBER        KG          KG            KG 
   335         589           716        292599       535605        657108       394         704           859 
   602        1007          1210        141095       247530        300747       767        1282          1539 
   301         402           452        100747       143026        164165       460         618           698 
   405         605           704         33375        50056         58397       459         686           799 
    47          74            88         18371        27684         32340        61          96           113 
    50         117           151         13409        31100         39945        68         154           197 
   163         327           409          8297        16383         20427       183         367           459 
   100         158           187         10515        16526         19531       191         300           354 
    19          45            58          2289         5055          6438        31          71            90 
    11          31            41          1236         2903          3736        20          55            73 







 
 -36 


Table E-9.  (Continued). 
 
                              PHASE III    PHASE III     PHASE III   PHASE III    PHASE III     PHASE III 
                   PHASE III   PERCENT      PLUS 2        PLUS 3       TOTAL       PLUS 2        PLUS 3     PROJECTED 
                     TOTAL        BY     STAND. ERROR  STAND. ERROR   BIOMASS   STAND. ERROR  STAND. ERROR   WET YEAR 
NAME                 NUMBER     NUMBER      NUMBER        NUMBER         KG          KG            KG         NUMBER 
 
CARP                    495     0.1382         916          1126         147         276           341           528 
GIZZARD SHAD            431     0.1205         740           895          47          78            94           469 
YELLOW BULLHEAD         290     0.0811         871          1161          17          51            68           313 
SPOTTAIL SHINER         320     0.0893         581           712           1           3             3            27 
WARMOUTH                248     0.0693         565           723           2           4             5           182 
SPOTTED BASS            114     0.0317         341           454           0           0             0           121 
BLACK BULLHEAD          100     0.0279         288           383           1           3             4            30 
GREEN SUNFISH            68     0.0189         199           264           0           1             1            43 
HYBRID BASS              78     0.0217         185           239          24          59            77             0 
REDBREAST SUNFISH        49     0.0136         146           194           1           2             2            45 
 
  WET YEAR      WET YEAR    WET YEAR    WET YEAR      WET YEAR                                  AVE YEAR      AVE YEAR 
   PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3       PROJECTED      PERCENT       PLUS 2        PLUS 3 
STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR  AVERAGE YEAR  AVERAGE YEAR  STAND. ERROR  STAND. ERROR 
   NUMBER        NUMBER        KG          KG            KG          NUMBER        NUMBER        NUMBER        NUMBER 
 
      959          1174        161         299           367            720          0.146         1324           1626 
      793           955         50          81            97            632          0.128         1080           1304 
      938          1250         18          55            73            424          0.086         1273           1698 
       62            80          0           0             0            345          0.070          627            768 
      413           529          1           3             3            330          0.067          751            962 
      364           485          0           0             0            164          0.033          492            655 
       89           118          0           1             1            114          0.023          330            438 
      128           171          0           1             1             85          0.017          251            334 
        0             0          0           0             0             80          0.016          194            250 
      135           179          0           1             2             69          0.014          206            274 
 
AVE YEAR    AVE YEAR      AVE YEAR                 DRY YEAR      DRY YEAR    DRY YEAR    DRY YEAR      DRY YEAR 
  TOTAL      PLUS 2        PLUS 3     PROJECTED     PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3 
 BIOMASS  STAND. ERROR  STAND. ERROR   DRY YEAR  STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR 
   KG          KG            KG         NUMBER      NUMBER        NUMBER        KG          KG            KG 
 
   216         403           497           805         1494          1838       242         456           564 
    68         113           136           724         1256          1523        79         132           159 
    25          75           100           467         1400          1867        27          82           109 
     1           3             4           674         1189          1447         3           5             7 
     2           6             7           456         1039          1331         4           8            10 
     0           0             1           185          554           739         0           0             1 
     1           3             4           194          556           737         2           5             7 
     0           1             2           114          331           440         1           2             2 
    25          62            81           160          392           508        51         127           165 
     1           2             3            88          264           352         1           4             5 
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Table E-9.  (Continued). 
 
                              PHASE III    PHASE III     PHASE III   PHASE III    PHASE III     PHASE III 
                   PHASE III   PERCENT      PLUS 2        PLUS 3       TOTAL       PLUS 2        PLUS 3     PROJECTED 
                     TOTAL        BY     STAND. ERROR  STAND. ERROR   BIOMASS   STAND. ERROR  STAND. ERROR   WET YEAR 
NAME                 NUMBER     NUMBER      NUMBER        NUMBER         KG          KG            KG         NUMBER 
 
RAINBOW TROUT            32     0.0089          69            87           6          14            17            34 
WHITEFIN SHINER          31     0.0087          93           124           0           0             0            30 
TESSELATED DARTR         33     0.0091          67            84           0           1             1             0 
SILVER REDHORSE          25     0.0070          60            78           9          22            29             0 
NORTHERN HOGSUCKR        20     0.0055          59            79           0           0             0            10 
SNAIL BULLHEAD           19     0.0054          58            77           0           0             0            10 
GOLDEN SHINER            20     0.0055          52            68           0           0             0             0 
STRIPED BASS             19     0.0052          50            65           1           3             5             0 
LARGEMOUTH BASS          11     0.0032          34            46           4          12            17            16 
SMALLMOUTH BASS          10     0.0027          29            39           0           0             0             0 
 
  WET YEAR      WET YEAR    WET YEAR    WET YEAR      WET YEAR                                  AVE YEAR      AVE YEAR 
   PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3       PROJECTED      PERCENT       PLUS 2        PLUS 3 
STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR  AVERAGE YEAR  AVERAGE YEAR  STAND. ERROR  STAND. ERROR 
   NUMBER        NUMBER        KG          KG            KG          NUMBER        NUMBER        NUMBER        NUMBER 
 
       74            94          7          15            19             47          0.009          101            127 
       89           118          0           0             0             44          0.009          132            176 
        0             0          0           0             0             32          0.007           66             83 
        0             0          0           0             0             25          0.005           60             77 
       31            42          0           0             0             23          0.005           70             93 
       30            41          0           0             0             23          0.005           68             91 
        0             0          0           0             0             22          0.004           57             74 
        0             0          0           0             0             20          0.004           52             68 
       48            64          6          17            23             18          0.004           55             73 
        0             0          0           0             0             11          0.002           32             43 
 
AVE YEAR    AVE YEAR      AVE YEAR                 DRY YEAR      DRY YEAR    DRY YEAR    DRY YEAR      DRY YEAR 
  TOTAL      PLUS 2        PLUS 3     PROJECTED     PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3 
 BIOMASS  STAND. ERROR  STAND. ERROR   DRY YEAR  STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR 
   KG          KG            KG         NUMBER      NUMBER        NUMBER        KG          KG            KG 
 
     9          20            25            51          111           140        10          22            28 
     0           0             1            53          159           212         0           1             1 
     0           1             1            56          116           145         1           1             2 
     9          22            29            45          108           140        17          40            52 
     0           0             0            31           93           124         0           0             0 
     0           0             0            30           90           120         0           0             0 
     0           0             0            48          126           166         0           0             1 
     1           4             5            40          104           135         3           8            11 
     7          20            26            20           60            81         7          22            29 
     0           0             0            24           72            95         0           0             0 
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Table E-9.  (Concluded). 
 
                              PHASE III    PHASE III     PHASE III   PHASE III    PHASE III     PHASE III 
                   PHASE III   PERCENT      PLUS 2        PLUS 3       TOTAL       PLUS 2        PLUS 3     PROJECTED 
                     TOTAL        BY     STAND. ERROR  STAND. ERROR   BIOMASS   STAND. ERROR  STAND. ERROR   WET YEAR 
NAME                 NUMBER     NUMBER      NUMBER        NUMBER         KG          KG            KG         NUMBER 
 
FLATHEAD CATFISH          5     0.0014          15            21           0           0             0             0 
COOSA BASS                5     0.0013          14            18           1           2             3             0 
WHITE BASS                3     0.0007           8            11           1           2             2             0 
                   =========  =========  ============  ============  =========  ============  ============  ========= 
                     358035    99.9993      622714        755053        1780        3035          3659        314452 
 
  WET YEAR      WET YEAR    WET YEAR    WET YEAR      WET YEAR                                  AVE YEAR      AVE YEAR 
   PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3       PROJECTED      PERCENT       PLUS 2        PLUS 3 
STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR  AVERAGE YEAR  AVERAGE YEAR  STAND. ERROR  STAND. ERROR 
   NUMBER        NUMBER        KG          KG            KG          NUMBER        NUMBER        NUMBER        NUMBER 
 
        0             0          0           0             0              6          0.001           17             23 
        0             0          0           0             0              4          0.001           13             18 
        0             0          0           0             0              3          0.001            9             12 
============  ============  ========  ============  ============  ============  ============  ============  ============ 
   554109        673938       1482        2529          3052         491779        100.000       858243        1041472 
 
AVE YEAR    AVE YEAR      AVE YEAR                 DRY YEAR      DRY YEAR    DRY YEAR    DRY YEAR      DRY YEAR 
  TOTAL      PLUS 2        PLUS 3     PROJECTED     PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3 
 BIOMASS  STAND. ERROR  STAND. ERROR   DRY YEAR  STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR 
   KG          KG            KG         NUMBER      NUMBER        NUMBER        KG          KG            KG 
 
     0           0             1            13           38            51         0           1             1 
     1           2             3             8           24            31         1           4             5 
     1           2             2             6           19            26         1           4             5 
========  ============  ============  =========  ============  ============  ========  ============  ============ 
  2400        4094          4944        626225      1085463       1315082      3084        5257          6345 
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Table E-10.  (Continued).  Summaries of numbers of fish greater than or equal to 1.5-inches long estimated to have passed during conventional generation during Phase III 
and projected to pass during an annual cycle for a wet water year (25% average water year (50% exceedance), and dry water year (75% exceedance) based on PrePhase III 
net sampling.  Data are not adjusted for passage survival. 
 
                              PHASE III    PHASE III     PHASE III   PHASE III    PHASE III     PHASE III 
                   PHASE III   PERCENT      PLUS 2        PLUS 3       TOTAL       PLUS 2        PLUS 3     PROJECTED 
                     TOTAL        BY     STAND. ERROR  STAND. ERROR   BIOMASS   STAND. ERROR  STAND. ERROR   WET YEAR 
NAME                 NUMBER     NUMBER      NUMBER        NUMBER         KG          KG            KG         NUMBER 
THREADFIN SHAD       172960    48.3080      314923        385904         230         408           496       1768672 
BLUEBACK HERRING      79477    22.1981      141217        172087         451         759           913        136327 
YELLOW PERCH          52053    14.5385       73367         84023         247         330           371         57371 
WHITE CATFISH         20695     5.7803       31010         36167         284         424           494         27289 
BLUEGILL              10214     2.8529       15519         18171          35          55            65          9253 
BLACK CRAPPIE          8252     2.3049       19195         24667          42          96           122          4605 
BROWN BULLHEAD         4876     1.3618        9582         11935         109         219           274          6728 
WHITE PERCH            5229     1.4605        8152          9613          94         148           174           523 
CHANNEL CATFISH         693     0.1937        1655          2136          10          26            34          1553 
SPOTTAIL SHINER         320     0.0893         581           712           1           3             3           534 
 
  WET YEAR      WET YEAR    WET YEAR    WET YEAR      WET YEAR                                  AVE YEAR      AVE YEAR 
   PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3       PROJECTED      PERCENT       PLUS 2        PLUS 3 
STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR  AVERAGE YEAR  AVERAGE YEAR  STAND. ERROR  STAND. ERROR 
   NUMBER        NUMBER        KG          KG            KG          NUMBER        NUMBER        NUMBER        NUMBER 
   3349035       4139217       367         645           783         3664632       87.5827       6952158       8595921 
    246027        300876       580        1000          1209          281410        6.7255        508974        622756 
     81265         93212       280         410           475          144824        3.4612        204773        234748 
     40288         46788       372         550           639           42118        1.0066         61741         71553 
     14205         16681        32          53            63           15572        0.3722         24062         28307 
     11654         15178        28          68            88           10367        0.2478         24472         31525 
     13409         16749       135         271           339            8785        0.2100         17417         21732 
      1119          1418        13          29            37            6214        0.1485         10242         12256 
      4020          5253        19          44            56            3396        0.0812          8469         11006 
      1101          1384         2           4             5            1494        0.0357          2998          3750 
 
AVE YEAR    AVE YEAR      AVE YEAR                 DRY YEAR      DRY YEAR    DRY YEAR    DRY YEAR      DRY YEAR 
  TOTAL      PLUS 2        PLUS 3     PROJECTED     PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3 
 BIOMASS  STAND. ERROR  STAND. ERROR   DRY YEAR  STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR 
   KG          KG            KG         NUMBER      NUMBER        NUMBER        KG          KG            KG 
   615        1098          1339       5169590      9819750      12144830       777        1407           1722 
  1078        1879          2280        399854       721153        881803      1461        2549           3094 
   652         954          1105        227301       323434        371501      1004        1474           1710 
   554         816           947         50756        74428         86264       659         972           1128 
    55          92           111         20704        31914         37519        73         121            145 
    62         141           181         14075        32563         41807        84         187            239 
   178         358           448         10143        20140         25138       203         411            514 
   115         191           229         11699        19150         22875       214         350            417 
    51         116           148          4448        10941         14188        73         168            216 
     5          11            13          2388         4687          5837         9          17             21 
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Table E-10.  (Continued). 
 
                              PHASE III    PHASE III     PHASE III   PHASE III    PHASE III     PHASE III 
                   PHASE III   PERCENT      PLUS 2        PLUS 3       TOTAL       PLUS 2        PLUS 3     PROJECTED 
                     TOTAL        BY     STAND. ERROR  STAND. ERROR   BIOMASS   STAND. ERROR  STAND. ERROR   WET YEAR 
NAME                 NUMBER     NUMBER      NUMBER        NUMBER         KG          KG            KG         NUMBER 
 
WHITE CRAPPIE          1160     0.3239        2654          3402          16          37            47           438 
GIZZARD SHAD            431     0.1205         740           895          47          78            94           561 
CARP                    495     0.1382         916          1126         147         276           341           540 
YELLOW BULLHEAD         290     0.0811         871          1161          17          51            68           379 
WARMOUTH                248     0.0693         565           723           2           4             5           220 
FLATHEAD CATFISH          5     0.0014          15            21           0           0             0           145 
SPOTTED BASS            114     0.0317         341           454           0           0             0           131 
HYBRID BASS              78     0.0217         185           239          24          59            77            42 
BLACK BULLHEAD          100     0.0279         288           383           1           3             4            34 
GREEN SUNFISH            68     0.0189         199           264           0           1             1            43 
 
  WET YEAR      WET YEAR    WET YEAR    WET YEAR      WET YEAR                                  AVE YEAR      AVE YEAR 
   PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3       PROJECTED      PERCENT       PLUS 2        PLUS 3 
STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR  AVERAGE YEAR  AVERAGE YEAR  STAND. ERROR  STAND. ERROR 
   NUMBER        NUMBER        KG          KG            KG          NUMBER        NUMBER        NUMBER        NUMBER 
 
      1196          1576         6          18            24            1376        0.0329          3206          4121 
      1013          1239        60         105           128             845        0.0202          1589          1961 
       994          1221       167         316           391             748        0.0179          1407          1736 
      1109          1474        19          57            76             585        0.0140          1688          2240 
       513           659         1           3             4             421        0.0101           989          1273 
       338           434         3           7             9             353        0.0084           825          1061 
       393           524         1           3             4             187        0.0045           561           748 
       111           145         9          23            30             172        0.0041           437           570 
       103           138         0           1             2             124        0.0030           361           480 
       128           171         0           1             1              85        0.0020           251           334 
 
AVE YEAR    AVE YEAR      AVE YEAR                 DRY YEAR      DRY YEAR    DRY YEAR    DRY YEAR      DRY YEAR 
  TOTAL      PLUS 2        PLUS 3     PROJECTED     PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3 
 BIOMASS  STAND. ERROR  STAND. ERROR   DRY YEAR  STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR 
   KG          KG            KG         NUMBER      NUMBER        NUMBER        KG          KG            KG 
 
    19          45            58          2289         5055          6438        31          71             90 
    91         168           207          1027         1981          2459       111         211            262 
   229         444           552           843         1610          1993       261         514            640 
    27          80           106           698         1998          2649        30          89            119 
     3           6             8           586         1378          1773         4           9             11 
     8          17            22           465         1096          1411        10          23             29 
     2           7            10           214          643           858         3           9             12 
    44         111           144           304          774          1009        81         205            267 
     1           4             6           211          607           805         2           7              9 
     0           1             2           114          331           440         1           2              2 
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Table E-10.  (Continued). 
 
                              PHASE III    PHASE III     PHASE III   PHASE III    PHASE III     PHASE III 
                   PHASE III   PERCENT      PLUS 2        PLUS 3       TOTAL       PLUS 2        PLUS 3     PROJECTED 
                     TOTAL        BY     STAND. ERROR  STAND. ERROR   BIOMASS   STAND. ERROR  STAND. ERROR   WET YEAR 
NAME                 NUMBER     NUMBER      NUMBER        NUMBER         KG          KG            KG         NUMBER 
 
SNAIL BULLHEAD           19     0.0054          58            77           0           0             0            35 
REDBREAST SUNFISH        49     0.0136         146           194           1           2             2            45 
SILVER REDHORSE          25     0.0070          60            78           9          22            29            10 
RAINBOW TROUT            32     0.0089          69            87           6          14            17            34 
GOLDEN SHINER            20     0.0055          52            68           0           0             0             9 
WHITEFIN SHINER          31     0.0087          93           124           0           0             0            30 
STRIPED BASS             19     0.0052          50            65           1           3             5             9 
LARGEMOUTH BASS          11     0.0032          34            46           4          12            17            22 
TESSELATED DARTR         33     0.0091          67            84           0           1             1             0 
NORTHERN HOGSUCKR        20     0.0055          59            79           0           0             0            10 
 
  WET YEAR      WET YEAR    WET YEAR    WET YEAR      WET YEAR                                  AVE YEAR      AVE YEAR 
   PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3       PROJECTED      PERCENT       PLUS 2        PLUS 3 
STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR  AVERAGE YEAR  AVERAGE YEAR  STAND. ERROR  STAND. ERROR 
   NUMBER        NUMBER        KG          KG            KG          NUMBER        NUMBER        NUMBER        NUMBER 
 
       105           140         0           1             2              81        0.0019           243           325 
       135           179         0           1             2              69        0.0016           206           274 
        30            41         3          10            13              49        0.0012           131           173 
        74            94         7          15            19              47        0.0011           101           127 
        27            37         0           0             0              44        0.0010           123           163 
        89           118         0           0             0              44        0.0011           132           176 
        28            37         2           7             9              39        0.0009           111           146 
        66            88         8          23            31              33        0.0008            99           132 
         0             0         0           0             0              32        0.0008            66            83 
        31            42         0           0             0              23        0.0006            70            93 
 
AVE YEAR    AVE YEAR      AVE YEAR                 DRY YEAR      DRY YEAR    DRY YEAR    DRY YEAR      DRY YEAR 
  TOTAL      PLUS 2        PLUS 3     PROJECTED     PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3 
 BIOMASS  STAND. ERROR  STAND. ERROR   DRY YEAR  STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR 
   KG          KG            KG         NUMBER      NUMBER        NUMBER        KG          KG            KG 
 
     1           3             4           112          336           448         1           4              6 
     1           2             3            88          264           352         1           4              5 
    17          45            59            78          209           274        27          72             94 
     9          20            25            51          111           140        10          22             28 
     0           0             1            80          222           293         0           1              1 
     0           0             1            53          159           212         0           1              1 
     6          18            24            72          199           263        10          31             41 
    11          34            45            42          125           166        14          42             57 
     0           1             1            56          116           145         1           1              2 
     0           0             0            31           93           124         0           0              0 
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Table E-10.  (Concluded). 
 
                              PHASE III    PHASE III     PHASE III   PHASE III    PHASE III     PHASE III 
                   PHASE III   PERCENT      PLUS 2        PLUS 3       TOTAL       PLUS 2        PLUS 3     PROJECTED 
                     TOTAL        BY     STAND. ERROR  STAND. ERROR   BIOMASS   STAND. ERROR  STAND. ERROR   WET YEAR 
NAME                 NUMBER     NUMBER      NUMBER        NUMBER         KG          KG            KG         NUMBER 
 
WHITE BASS                3     0.0007           8            11           1           2             2             5 
SMALLMOUTH BASS          10     0.0027          29            39           0           0             0             0 
COOSA BASS                5     0.0013          14            18           1           2             3             0 
                   =========  =========  ============  ============  =========  ============  ============  ========= 
                     358035    99.9993      622714        755053        1780        3035          3659       2015597 
 
  WET YEAR      WET YEAR    WET YEAR    WET YEAR      WET YEAR                                  AVE YEAR      AVE YEAR 
   PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3       PROJECTED      PERCENT       PLUS 2        PLUS 3 
STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR  AVERAGE YEAR  AVERAGE YEAR  STAND. ERROR  STAND. ERROR 
   NUMBER        NUMBER        KG          KG            KG          NUMBER        NUMBER        NUMBER        NUMBER 
 
        11            14         1           2             2              13        0.0003            32            42 
         0             0         0           0             0              11        0.0003            32            43 
         0             0         0           0             0               4        0.0001            13            18 
============  ============  ========  ============  ============  ============  ============  ============  ============ 
   3768617       4645127      2115        3667          4441         4184197       100.000       7827979       9649873 
 
AVE YEAR    AVE YEAR      AVE YEAR                 DRY YEAR      DRY YEAR    DRY YEAR    DRY YEAR      DRY YEAR 
  TOTAL      PLUS 2        PLUS 3     PROJECTED     PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3 
 BIOMASS  STAND. ERROR  STAND. ERROR   DRY YEAR  STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR 
   KG          KG            KG         NUMBER      NUMBER        NUMBER        KG          KG            KG 
 
     2           6             7            22           57            74         4          10             13 
     0           0             0            24           72            95         0           0              0 
     1           2             3             8           24            31         1           4              5 
========  ============  ============  =========  ============  ============  ========  ============  ============ 
  3837        6670          8089       5918426     11075620      13654214      5160        8988          10900 
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Table E-11.  Mean annual entrainment rate calculated as mean of each mean monthly 
entrainment rate for all 12 months 
 
                 MEAN ANNUAL                    MEAN ANNUAL 
                 ENTRAINMENT     PERCENT OF     ENTRAINMENT    PERCENT OF 
NAME               (#/HR)       TOTAL (#/HR)     (KG/HR)      TOTAL (KG/HR) 
 
THREADFIN SHAD     765.425          87.286        0.10249          14.089 
BLUEBACK HERRING    58.361           6.655        0.20456          28.119 
YELLOW PERCH        36.596           4.173        0.16146          22.194 
WHITE CATFISH        6.301           0.718        0.08053          11.070 
BLUEGILL             2.894           0.330        0.01003           1.379 
WHITE PERCH          2.074           0.237        0.03780           5.196 
BLACK CRAPPIE        2.010           0.229        0.01205           1.656 
BROWN BULLHEAD       1.185           0.135        0.02400           3.299 
CHANNEL CATFISH      0.605           0.069        0.01043           1.434 
WHITE CRAPPIE        0.378           0.043        0.00521           0.716 
SPOTTAIL SHINER      0.375           0.043        0.00138           0.190 
GIZZARD SHAD         0.130           0.015        0.01410           1.938 
CARP                 0.100           0.011        0.03084           4.239 
YELLOW BULLHEAD      0.084           0.010        0.00349           0.480 
WARMOUTH             0.083           0.009        0.00059           0.081 
FLATHEAD CATFISH     0.062           0.007        0.00136           0.187 
HYBRID BASS          0.053           0.006        0.01456           2.001 
BLACK BULLHEAD       0.036           0.004        0.00041           0.056 
SPOTTED BASS         0.026           0.003        0.00041           0.056 
GREEN SUNFISH        0.016           0.002        0.00009           0.012 
SNAIL BULLHEAD       0.014           0.002        0.00017           0.024 
GOLDEN SHINER        0.013           0.002        0.00005           0.007 
STRIPED BASS         0.013           0.001        0.00189           0.260 
REDBREAST SUNFISH    0.012           0.001        0.00018           0.025 
SILVER REDHORSE      0.012           0.001        0.00415           0.571 
TESSELATED DARTER    0.010           0.001        0.00011           0.015 
BLACKBANDED DARTER   0.007           0.001        0.00000           0.000 
WHITEFIN SHINER      0.007           0.001        0.00002           0.003 
RAINBOW TROUT        0.006           0.001        0.00116           0.160 
LARGEMOUTH BASS      0.005           0.001        0.00170           0.234 
SMALLMOUTH BASS      0.005           0.001        0.00000           0.000 
NORTHERN HOGSUCKER   0.004           0.000        0.00000           0.000 
WHITE BASS           0.004           0.000        0.00072           0.099 
WALLEYE              0.003           0.000        0.00000           0.000 
LONGNOSE GAR         0.003           0.000        0.00130           0.179 
COOSA BASS           0.001           0.000        0.00023           0.031 
               ===========    ============    ===========    ============= 
                   876.914         100.000        0.72747         100.000 
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Striped Bass Temperature Habitat 
 


Water temperature and dissolved oxygen (DO) monitoring and multi-dimensional 


water quality modeling both indicated temperature impacts associated with pumped-


storage operation in the tailwater area of RBR Dam.  These impacts coincided with a 


decline in striped bass and hybrid bass harvest in 1996.  Water quality data collected from 


the critical summer period (July-September, 1992-1996) were examined to characterize 


tailwater and lake wide striped bass habitat dynamics in JST Lake.  Water quality 


dynamics relative to striped bass requirements are presented because they are better 


known and more restrictive than hybrid bass water quality requirements. 


 


Two categories of striped bass habitat were defined by the following bounds:  


preferred habitat (water having DO greater than 3.0 parts per million and temperature less 


than 240 C) and restricted habitat (DO greater than 3.0 PPM and water temperature less 


than 270C).  Striped bass restricted habitat in the RBR tailwater did not decrease with 


RBR operations in 1996 compared to conditions in 1993, a year having similar lake 


elevation patterns to 1996.  However, a loss in striped bass preferred habitat was evident 


in the RBR tailwaters.  The loss in preferred habitat was related to an increase in the mean 


water temperature released from RBR Dam and increased bottom temperatures recorded 


in the RBR tailwaters.  The warming of the tailwater of RBR Dam may have contributed 


to the reduction of sport harvest of  striped bass and hybrid bass in the RBR Dam 


tailwater. 


 


Lake wide restricted habitat did not show a noticeable decrease in 1996 compared to 


1993.  Lakewide preferred habitat was lowest during September, 1996, but was similar to 


1993 estimates.  Preferred habitat was available in other portions of the lake other than 


the tailwater.  In 1996 water temperatures in the tailwater may have exceeded the 


preferred habitat criteria with a concomitant out migration of striped bass and other cool 


water species into the main body of the lake.  Lakewide habitat volumes estimated from 


the CE-QUAL-W2 water quality model indicated less habitat in years when lake levels 


are lower.    
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Ichthyoplankton 
 


     Ichthyoplankton entrainment during pumpback operation was monitored during Phase 


III and crude temporal and spatial distributions of ichthyoplankton in the tailwater of 


RBR were described using mobile sampling.  During Phase III, ichthyoplankton 


entrainment was monitored by consolidating gravity flow  from 3/4-inch diameter pipes 


previously installed to service pressure meters, unlike in previous years when 


ichthyoplankton entrainment was monitored with plankton nets fished in the discharge jet 


during pumping operation (Table 


E-12).  Mobile surveys in the tailwater indicated that ichthyoplankton density  varied 


from about 1 per 100m-3  near the dam to about 50 per 100m-3 in Russell Creek, a small 


tributary near RBR Dam.  Phase III arithmetic mean ichthyoplankton entrainment total of 


125 million was dominated by  clupeids with estimated totals of  54 million for threadfin 


shad when ichthyoplankton could be keyed to species and 111 million when identification 


was limited to the family level.  Projected ichthyoplankton total entrainment for dry year 


pumping is 266 million.  Lakewide ichthyoplankton surveys were not conducted during 


Phase III.  The  


 


Table E-12 Estimated ichthyoplankton entrainment during phase III, April-September 


1996, at RBR dam and estimates for dry, average, and wet years. 
 
 


 
Phase III 


 
Minimum 


 
Average 


 
Maximum 


 
Clupeid 


 
44,609,474 


 
7,670,738 


 
66,400,964 


 
89,372,665 


 
Blueback herring 


 
4,107,578 


 
1,008,727 


 
7,383,629 


 
9,495,024 


 
Dorosoma sp. 


 
192,561 


 
40,389 


 
367,065 


 
590,393 


 
Threadfin shad 


 
54,806,786 


 
12,792,165 


 
93,821,464 


 
121,278,146 


 
Gizzard shad 


 
7,685,036 


 
2,042,633 


 
14,712,877 


 
18,768,540 


 
Yellow perch 


 
3,004,185 


 
404,676 


 
4,293,517 


 
6,235,492 


 
Common carp 


 
644,880 


 
171,405 


 
1,234,611 


 
1,574,937 


 
Spottail shiner 


 
510,377 


 
135,655 


 
977,109 


 
1,264,453 


 
Pomoxis sp. 


 
48,020 


 
5,748 


 
64,049 


 
90,161 


 
Lepomis sp. 


 
7,352,259 


 
2,066,356 


 
12,517,219 


 
15,511,699 
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Bluegill 


 
1,005,690 


 
235,501 


 
1,145,996 


 
1,233,894 


 
Redbreast 


 
598,089 


 
158,968 


 
1,145,031 


 
1,460,663 


 
Total 


 
124,564,935 


 
26,732,961 


 
204,063,531 


 
266,858,067 
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number of ichthyoplankton that could reasonably be expected to occur in JST Lake was 


estimated at 160 billion.  This estimate is obtained by expanding area-specific arithmetic 


mean density estimates for different parts of  JST from data collected in 1987, 1988, and 


1989.  The number of ichthyoplankton entrained under worst case  pumped storage 


operation is about 0.17 percent of the estimated total ichthyoplankton number that could 


be reasonably expected to be produced during the spawning season for the entire lake. 


 


Predictions of Future Entrainment 


 


        Expansions to predict entrainment (all adjusted for survival) to future operation are 


based on the hourly fish passage rate obtained from netting samples for each month 


multiplied times the unit hours of operation anticipated for wet, average, and dry water 


years.  Assessment of entrainment is made at a lakewide scale because the results of both 


mark-recapture studies for blueback herring and radio telemetry studies on striped bass 


and hybrid bass indicate that fish are widely distributed within the reservoir on an annual 


basis and are not restricted to one portion of the lake.  Localized or seasonal effects on 


fish distributions are presented in the section on temperature habitat for striped bass.  


Tables E-2 and E-5  (not adjusted for survival) and Tables E-6 and E-7 (adjusted for 


survival) include columns in which both the numbers and biomasses of  netted fish are 


expanded to predict entrainment under different water years.  The anticipated entrainment 


totals, adjusted for survival, for the different water years differ substantially from 


1,040,553 for a wet year to 4,842,477 under dry year conditions during April through 


October.  For the entire year (adjusted for survival), entrainment is estimated at 1,125,431 


for a wet year and 8,067,489 for a dry year.   For April through September, the  average 


year predicted entrainment mortality by number of  4,294,869 is close to the dry  year 


prediction of  4,842,477 because the biggest difference between average and dry  year 


conditions is in the amount of spring time pumping when the entrainment of fish by 


number is substantially less than in the late summer.   However, the April-September 


difference by biomass between dry water year entrainment (20010 kg) and average water 


year entrainment (16002 kg) is greater because larger fish are entrained during spring and 


early summer pumpback operation. 


 


     Entrainment samples provide estimates of the numbers of fish passing through the 


pump-turbines.   Species likely to be severely impacted by turbine passage were evaluated 
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using population modeling based risk assessment.   Impacts that are  proportionally small 


are difficult to assess with population modeling because the impact is small relative to the 


uncertainty in population vital statistics.    Therefore, we also compare entrainment 


numbers to population estimates and to commercial harvest, sport harvest (Table E-3), 


and other sources of mortality  to allow entrainment totals to be placed in a relative 


context.   For example, projected entrainment of 4,842,477 fishes weighing 20,010 kg are 


projected to be killed under worst case operations (dry water year) for April through 


October.   This is 0.27 percent by number and 0.25 percent by biomass of the total of 


approximately ??1.807 billion fish in JST (Table E-14) with a biomass of  8.4 million 


kilograms estimated to occur in JST during the late summer (by convention, the time 


period when many reservoir fishery assessments are made) of  1996.   For the entire year, 


approximately 0.46 percent by number and 0.43 by weight of the fish in JST Lake can be 


reasonably expected to be killed by turbine passage during a dry year. 


 


      Population estimates (using two different methods)  and commercial harvest data are 


available for blueback herring against which entrainment totals can be compared.   


Mobile hydroacoustics provides a total spring-time population estimate of 68 million with 


an average length of approximately 120 mm.   A total of 294,110 blueback herring of all 


sizes are projected to be killed during maximum pumpback operation (projected dry year 


operations) during April through October.  About 313,069 can be reasonably expected to 


be killed during a entire 12 month cycle.  The dry year projected entrainment total for 


April through October of 294,110 represents ??0.35 percent of the estimated total of 84 


million blueback herring in JST.   On an annual basis, the entrainment mortality total of 


313,069 is ??0.37 percent of the total population in JST Lake.   Commercial harvest for 6 


months of  1994 is 542,854 fish and for the full year in 1995 is 465,377 fish.  Harvest in 


1996 was considerably reduced because of an abundance of small fish that are not useable 


as bait by fishermen.  It appears that commercial harvest loss of blueback herring 


considerably exceeds projected worst-case entrainment losses using Phase III data 


entrainment data.  The marked-recapture study to estimate the number of adult  blueback 


herring in the lake sacrificed 144,227 adult fish which is 49 percent of the estimated 


April-September mortality resulting from worst case pumpback operation.  


 


      Population estimates using mobile hydroacoustics are available for threadfin shad 


greater than 1.2 inches in both March and August of 1996.  The  March population 


estimate is 56,577, 931 fish, and the August estimate is 1,322,185,433 fish.  The 


estimated turbine mortality loss of  threadfin shad under maximum pumpback operation 


during Phase III months is 4,426,610 or 0. 33 percent of the total or for an annual cycle 


7,616,835 individuals representing 0.58 percent of the total numbers using the August 
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population estimate.  Threadfin shad have great reproductive potential and typically 


exhibit "boom and bust" cycles particularly when  reduced winter water temperatures 


result in winter kill of this species.  The August estimate is used because entrainment of 


threadfin shad is highest in August and September during their period of maximum 


abundance. 


 


    No direct population estimates are available for  black crappie, white perch, striped 


bass, or hybrid bass.  However, creel surveys are available against which  entrainment of  


harvestable sizes of  these species can be contrasted.  In addition, routine gillnet surveys 


have been conducted for 11 years as part of baseline studies in JST Lake and offer a gage 


against which to measure pumpback entrainment at Richard B. Russell Dam.  Stocking 


goals are also known for striped bass and hybrid bass and can be used as a crude 


population estimate against which entrainment can be compared.   


 


     Under worst case conditions (dry  year pumping operation), 55,197 total and 19,724 


harvestable white perch are estimated to be killed by pumped storage operation during the 


biologically active (Phase III) time period by entrainment (54,939) or impingement (258). 


 This compares to an estimated total of  4,184,270 white perch obtained from cove 


rotenone expansions for 1994, the first year in which white perch become a significant 


proportion of the JST fish community.  White perch show the greatest potential for impact 


of any species investigated with 1.33 percent of the population being killed by pumping 


operation from April through October.  Separate annual estimates of entrainment 


mortality for white perch  are not presented because 98 percent of the entrainment of this 


species occurs during the April through October time frame (Table E-7).  Although lake-


wide numbers provide no evidence of impact, sport harvest of white perch for January 


through October of 1996 was estimated at 37,765 which is approximately twice the 


entrainment totals of harvestable-size fish (19,466) projected during worst case operation 


(Table E-8).  White perch are the fish population most likely to be impacted by  pumped 


storage operation the basis of percent of population entrained.  As an additional 


consideration, it is likely that the population estimate used in the analysis (1994 cove 


rotenone areal expansions) substantially underestimate the abundance of this species.  The 


sport catch for this species was 3,900 in 1994 compared to 67,816 for 1996, suggesting 


more than an order of magnitude increase in the number of harvestable white perch in the 


three year period.  Also, baseline monitoring using gillnets shows that the catch rate for 


this species has increased at all JST stations from 1992 to 1996. 
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     Black crappie mortality under worst case pumping scenarios is estimated to be 33,154 


fish with 2963 fish being of harvestable size.  Long-term sport harvest  of  black crappie 


from 1983 to 1996 averages 254,798 fish/year with 203,032 black crappie caught in 


1996.   


Entrainment mortality of harvestable-sized fish is only  1.16 percent of the long term 


average sport catch and 1.46 percent of the estimated sport catch in 1996 (Table E-13).   


The total number of  black crappie killed  is 0.52 percent of the  long-term average 


abundance of black crappie in  JST Lake of  6,428,593 and 0.23 percent of the over 14 


million black crappie that were estimated for JST Lake in 1994, the most recent year in 


which cove rotenone data are available.  Separate annual estimates for  black crappie are 


not presented because 99 percent of the entrainment mortality loss of this one species 


occurred during the April through October time frame (Table E-7).   


 


     Striped bass mortality under April-October worst case pumping scenarios are 


estimated to be 1124 fish (1056 entrained  and 68 impinged) with 557 being of 


harvestable size (9 to 14 inches long) and 37 being of desirable size  (15 inches long or 


longer).   For an annual cycle, 1484 striped bass can be reasonably expected to be killed 


by turbine mortality (1394 by entrainment mortality and 90 by impingement mortality ) 


with similar relative size composition presented for the April through October time frame. 


  Annual impingement obtained by expanding Phase III impingement by the Phase II 


annual expansion factor.   The total population size of striped bass in JST Lake is 


unknown, although the management goal is to have an abundance of 3 striped bass per 


acre of lake area.  Using this as a general guide approximately 225,000 catchable striped 


bass could be reasonably expected to occur in JST Lake.  The worst case April through 


October entrainment mortality total of 594 (entrainment and impingement)  for the two 


largest size-groups of striped bass is 2.6 percent of the management target.  The long term 


average sport harvest of striped bass is 18,504 fish/year (Table E-11).  April through 


October entrainment mortality of the largest two size classes of striped bass (594) is 3.2 


percent (594 / 225000) of harvest and entrainment mortality  of the largest size group of 


striped bass (probably most representative of sport  harvest) compared to the sport harvest 


is 0.02 percent (37 / 225000).  Routine and moratorium gillnetting (an accepted fishery 


assessment tool)  has been conducted in JST Lake from 1986 to the present to provide 


relative estimates of spatial and temporal patterns of distribution of large, active fishes 


such as striped bass and hybrid bass.  Average catch of striped bass in gill nets is 187 
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fish/year with 59 percent in the desirable length category (15 inches long and longer) or 


110 fish/year compared to 37 fish/year of the 15-inch and larger length group entrained 


by the dam.  Effects of the baseline netting program has substantially greater impact on 


numbers of the largest length group of striped bass than does operation of  pumped 


storage operation under worst-case (dry year)  operations.  


     Hybrid bass mortality under worst case pumping scenario from April to October are 


estimated to be 616 fish (536 by passage mortality and 80 by impingement) with 329 


being of harvestable size (9-14 inches long) and 111 being of desirable size  (15 inches 


long or longer).   For an annual cycle of operation, a total of  1016 hybrid bass (884 by 


passage mortality and 132 by impingement)  can be reasonably expected to be killed by 


pumped-storage operation.  The total population size of hybrid bass  bass in JST Lake is 


unknown, although the management goal is to have an abundance of  7 hybrid bass per 


acre of lake area.  Using this as a general guide, approximately 525,000 catchable hybrid  


bass could be reasonably expected to occur in JST Lake.  The worst case April through 


October entrainment mortality total of  440 (360 by passage mortality and 80 by 


impingement) for the two largest size-groups of hybrid bass is 0.08 percent of the 


management target density.  The long term average sport harvest of hybrid bass is 60,304 


fish/year.  April through October entrainment and impingement  mortality of the largest 


two size classes of hybrid  bass is 1.19 percent of harvest and entrainment mortality of the 


largest size group of hybrid bass (probably most representative of sport  harvest) 


compared to the sport harvest is 0.30 percent (Table E-13).    Routine and moratorium 


gillnetting has been conducted in JST Lake from 1986 to the present.  Average catch of 


hybrid bass in gill nets is 617 fish/year with 69.0 percent in the desirable length category 


(15 inches long and longer) or 426  fish/year compared to 111 fish/year of the same 


length group entrained or impinged by the dam.   Remarkably, like for striped bass, the 


effects of the baseline netting program has substantially greater impact on the numbers of 


larger hybrid bass than does operation of  pumped  storage operation under worst case 


conditions. 
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Table E-13.  JST creel survey harvest estimates total number by species. 


 
 
YEAR 


 
Striped 


Bass 


 
Hybrid Bass 


 
Crappie 


 
Largemouth 


Bass 


 
Yellow 
Perch 


 
White 
Perch  


1983 
 


4,103 
 


62,102 
 


210,893 
 


98,462 
 


0 
 


0  
1984 


 
2,568 


 
59,384 


 
396,190 


 
159,526 


 
0 


 
0  


1985 
 


13,018 
 


55,246 
 


285,366 
 


108,594 
 


5,447 
 


0  
1986 


 
5,691 


 
36,016 


 
189,311 


 
103,878 


 
2,350 


 
0  


1987 
 


29,274 
 


40,690 
 


246,063 
 


152,500 
 


8,072 
 


0  
1988 


 
No Creel 


 
 


 
 


 
 


 
 


 
  


1989 
 


4,374 
 


41,204 
 


249,844 
 


187,166 
 


5,293 
 


0  
1990 


 
13,531 


 
67,195 


 
415,446 


 
302,137 


 
15,438 


 
0  


1991 
 


30,424 
 


63,440 
 


250,119 
 


158,663 
 


4,662 
 


908  
1992 


 
11,056 


 
77,367 


 
252,813 


 
209,751 


 
3,894 


 
4,184  


1993 
 


35,234 
 


85,693 
 


168,669 
 


182,457 
 


5,861 
 


11,128  
1994 


 
46,525 


 
106,591 


 
183,994 


 
213,489 


 
3,633 


 
3,900  


1995 
 


29,717 
 


51,972 
 


267,610 
 


144,783 
 


9,509 
 


61,215  
1996* 


 
15,035 


 
37,058 


 
203,032 


 
70,783 


 
1,516 


 
67,816 


 
Total 


 
240,546 


 
783,958 


 
  3,319,350 


 
2,092,189 


 
65,675 


 
149,151 


 
AVG. 


 
18,504 


 
60,304 


 
255,335 


 
160,938 


 
5,970 


 
24,859 


 
* 1996 striped bass, hybrid bass, and white perch estimates are from the South Carolina 
DNR creel estimates and only include the area from the confluence of the Savannah and 
Broad Rivers downstream to Thurmond Dam.  The Georgia DNR creel estimate which 
includes the area from the confluence of the Savannah and Broad Rivers upstream to 
Russell Dam had a combined striped bass, hybrid bass, and white perch. harvest of 6,564 
fish, but does not include species specific estimates. 
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Table E-14.  ??Projected numbers and percentages of fish killed by entrainment during 
commercial  pumped storage operation under dry (maximum), average, and wet 
(minimum) conditions and total fish numbers in JST.  Total fish in JST obtained by  
combining arithmetic mean cove rotenone expansions (CR) excluding threadfin shad and 
blueback herring.  Threadfin shad estimates were obtained from August 1996 mobile 
hydroacoustics survey (HAT).   Estimates for adult blueback herring obtained from mark 
recapture study  (MRB).  TT=cell total.  Entrainment numbers based on Phase III data, 
April to October.  
 
 
SIZE CLASS ALL 


SPECIES 


 
TOTAL # FISH BY SIZE 


IN JST1 


 
#/PERCENT 


ENTRAINED DRY 
YEAR MAXIMUM2 


 
#/PERCENT 
ENTRAINED 


AVERAGE YEAR 


 
#/PERCENT 


ENTRAINED WET 
YEAR MINIMUM 


 
1.2"-3.4" 


 


 
CR- 345,161,127 


HAT- 1,306,372,203  
TT- 1,651,533,330 


 
4,370,8343 


0.26% 


 
3,931,395 


0.23% 


 
983,264 
0.06% 


 
3.5"-5.4" 


 
CR- 36,770,382 
HAT- 15,560,376 
TT-52,330,758 


 
200,008 
0.37% 


 
155,351 
0.30% 


 
29,840 
0.06% 


 
5.5"-8.4" 


 
CR- 13,161,897 
HAT- 252,854 


MRB- 84,165,737 
TT- 97,580,488 


 
265,442 
0.31% 


 
203,783 
0.24% 


 
26,794 
0.03% 


 
≥ 8.5" 


 
CR- 5,361,769 


HA- 0 
TT- 5,361,769 


 
6,260 
0.12% 


 
4,390 
0.08% 


 
662 


0.01% 


 
TOTALS: 


 
CR- 400,615,422 


HA+MR-1,443,546,991 
TT-1,806,806,345 


 
4,842,544 


0.26%  


 
4,294,919 


0.23% 


 
1,040,560 


0.06% 


 


1 Population by size class determined by  5 years of cove rotenone sampling in JST Lake 
for species other than blueback herring and threadfin shad.  Proportion of fish less than 
1.2 inches determined from 1986 & 1987 cove rotenone studies and used to decrease long 
term mean number of fish.  Threadfin shad abundance & size information obtained from 
mobile hydroacoustic surveys conducted in August of 1996 and blueback herring 
abundance obtained from May 1996 mark-recapture study.  2 Numbers and percentages 
for Phase III expanded data based on current projections for pumping unit hours for dry, 
mean, and wet water years.  
 
3 The efficiency of both the netting gear and the fixed-aspect hydroacoustics monitoring 
system drops off within the 2.0 inch size class (which includes fishes from 1.5 inches to 
2.4 inches long). 
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Population Decline Risk Assessment 


 


     In addition to these comparative assessments, risk based population modeling was also 


used to assess the impacts of pumped-storage operation on five species:  threadfin shad, 


blueback herring, striped bass, hybrid bass, and black crappie.  Threadfin shad and 


blueback herring are both short-lived and their growth is strongly regulated by density 


(i.e., expansion in numbers at high population levels is inhibited).  Striped bass and 


hybrid bass are long-lived species whose abundance is maintained by  stocking.  


Compared to the other four species, relatively little is known about the vital statistics of 


black crappie, a naturally reproducing sport fish within JST Lake.   


 


     Assessments were performed at two levels:  Scenario A - based on entrainment data 


collected from August 31 1993 to October 1996 (includes high entrainment events 


observed between Phases II and III).   Scenario A simulations include effects of mean 


water year entrainment rates  on each species population as well as the effects of more 


extreme effects to determine the sensitivity of the models.  Entrainment for extreme 


events was obtained by  adding 3 standard errors to mean entrainment rates for each 


month  and expanding by the number of hours of pumping for each month.   Scenario B 


simulations were restricted to evaluations of Phase III monthly rates projected to annual 


mean water year entrainment.  Scenario B simulations are based on the most complete 


data sets to simulate commercial operation because:  1) entrainment rates and population 


vital statistics are available; 2) all  protection system and channel modifications  were 


completed;  and 3) Phase III samples are the only entrainment data collected under water 


quality conditions that could be expected under commercial pumpback operation.   


 


     Results of the risk analysis are presented as the maximum risk (probability) that 


population levels will fall below baseline simulation results at least once over a simulation 


period of 50 years.   Results of the risk assessments indicates that entrainment affects the 


five species to varying degrees.  


 


     Threadfin Shad:   Population levels of threadfin shad appear to be unaffected by 


entrainment losses under Scenario B.  Under  Scenario A the worst case entrainment loss 


(mean rates plus 3 standard errors) performed as a sensitivity test indicates that maximum 


risk of  decline increases only 5 percent at a population level of  6 million adults.   Even 


the worst-case entrainment conditions indicate a minimal  impact on population levels and 
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that the risk that the population will decline to any threshold is barely  discernible from 


background. 


 


     Blueback herring:  Population levels of blueback herring appear to be minimally 


affected by projected average year entrainment losses under either scenario with 


maximum increase in the probability of decline of  7 percent and 3 percent, respectively, 


above background for Scenarios A and B.   Under extreme entrainment conditions (mean 


entrainment plus 3 standard errors), the risk assessment modeling shows a risk increase of 


 53% above background when entrainment is 12 percent of the population estimate  (0.12 


X 68M=8M entrained - an entrainment total over 20 times higher than worst case annual 


projected entrainment obtained from Phase III data).  


 


     Hybrid Bass:  Population size under the projected mean annual entrainment total for 


either scenario shows a population reduction of 10,000 fish (4 percent).  Scenario A mean 


annual projected entrainment shows an increase in the maximum risk of  decline at 3 


percent and entrainment losses of  6% percent of the population (0.06 X 525,000=31,500 


entrained - about 30 times the projected annual worst case loose of 1016 fish) shows an 


increase in the maximum risk of decline of 15% above  background.  Loss of hybrid bass 


from entrainment can be completely compensated by increasing the stocking rate to 


74,600 fish per year (20% increase). 


 


Striped Bass:    Population size under  projected mean annual entrainment total for 


Scenario A projected mean annual entrainment scenario shows a reduction of 10,000 to 


20,000 fish (13%) from a model predicted  mean population size of 150,000 under 


baseline conditions (no pumping).  Scenario B entrainment produced no change in 


population numbers.  Scenario A entrainment shows an increase in the maximum risk of  


decline at 7 percent and 22 percent under projected mean annual entrainment and 


entrainment losses of  6% percent of the population (0.06 X 225,000=31,500 entrained - 


about 30 times the projected annual worst case loose of 1016 fish) shows an increase in 


the maximum risk of decline of 15% above  background.  Loss of hybrid bass from 


entrainment can be completely compensated by increasing the stocking rate to 74,600 fish 


per year (20% increase).  
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Hydroacoustics Studies 
   


     Hydroacoustics was used to monitor fish entrainment on all intake bays during 


pumpback operations at the RBR Dam during the Phase III study period.  Study 


objectives for hydroacoustics sampling during Phase III were:  1) determine whether 


hydroacoustics could be used to predict entrainment rates; 2) measure entrainment 


through time, among intakes, and depths sampled;  and 3) determine whether the 


entrainment rate changed with the number of units operating. Hydroacoustics sampled 5 


times more unit hours of pump operation than the nets during the study period, and 


provided information about fish entrainment unavailable with net sampling. 


 


     Results relating net entrainment rates to hydroacoustics entrainment rates reveal that 


hydroacoustics can be used to predict monthly entrainment rates. The predictive equations 


developed were based on both Phase II and III data because the differences in 


entrainment rates, species of fish entrained, fish sizes, and fish depths over the two study 


periods differed, and either study period alone would not adequately predict entrainment. 


 


     Entrainment varied during the Phase III study period. The highest entrainment events 


predicted with hydroacoustics occurred in July, August and early September when 


threadfin shad numerically dominated the net catches. During this same period, the fish 


counted with hydroacoustics tended to be more surface oriented than other months, and 


the mean  fish size entrained dropped from 6.5 inches to 4 inches.   


 


     Single and multi-unit pump comparisons were made to determine if the number of fish 


entrained per unit would increase or decrease as more units were brought on line. Results 


from these comparisons showed that hourly entrainment rates for a single unit pump was 


half of the entrainment rate by unit for a multi-unit pump event.  However, the 


entrainment rate per unit for a two, three or four unit pump event was not significantly 


different. 


 


    Entrainment rates were also compared between pump events that were preceded by 


conventional generation within a 24-hour period (pre-generation pumps), and pump 


events that were not directly preceded by conventional generation (non pre-generation 


pumps). Entrainment rates for all pumpback units were higher during non pre-generation 


than pre-generation unit pump events except during the month of June. Although non pre-
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generational unit events comprised only 13 percent of the total unit pump events during 


the period  of highest entrainment (July-August 1996) for Phase III, 78 percent of the 


events with entrainment rates >10,000 fish per hour were non pre-generation pumps. 


 


History of Phase Entry and Entrainment Patterns 


 


     Initial implementation of the Testing and Monitoring Plan (TMP) identified major 


challenge areas that had to be resolved  before the steps required in the TMP could be 


completed.  These challenges consisted of the following:  1) sampling of the pumpback 


jet with full recovery nets or fixed aspect hydroacoustics was more difficult than 


anticipated; 


2)  the behavior of blueback herring relative to pumpback operation was inadequately  


known resulting in  high entrainment levels;  3)  the entrainment of  striped bass and 


hybrid  bass was initially substantially higher than expected.   Savannah District 


committed to the phased study approach  in which  entry into a succeeding phase of the 


TMP would not be attempted until the monitoring system was optimized, entrainment was 


minimized to the lowest level practicable, and challenge areas identified in preceding 


phases were addressed or resolved prior to entry into succeeding phases.  Phase III net 


sampling to characterize entrainment during pumpback operation consisted of 115 


samples over 517 hours of pumping operation.  During Phase III, all components of the 


fish protection system was deployed, all units were operated and sampled, and the full 


suite of water quality changes associated with commercial operation of the pump units.   


In contrast, Phase II (August 1993 to August 1994) sampling was restricted to 50 samples 


over 296 hours of operation with most sampling (46 of the 50 samples) occurring at unit 


5.  PrePhase III (September 1994 to March 1996)  sampling included 121 samples over 


254 hours of operation. .  Many of the PrePhase III samples were of relatively short 


duration and the sample was collected primarily to obtain a hydroacoustict/net 


correlation.  Operation was often restricted to the netted unit.  During Phase II and 


PrePhase III operation was insufficient to establish the water quality patterns associated 


with commercial operation.  Phase III data represent the most comprehensive data set 


available that were collected under the conditions that could be expected with commercial 


operation. 


 


      The high entrainment of blueback herring was minimized three ways.  First, daytime 
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pumpback operation was limited because blueback herring were found  to concentrate in 


the deepest water available during the daytime which in the RBR tailrace is immediately 


in front of the turbines.  This behavior may have resulted in the high entrainment in three 


daytime tests.  On 30-31 March 1993 a total of 113,000 fish in 8.5 hours passed through  


Unit 5.  On 1 May 93, a total of 77,000 fish passed in 1.5 hours through  Unit 5.   On 25-


26 July  1992,  an estimated 55,780 fish were entrained through  Unit 5 in 8.8 hours, 


although most of the entrainment occurred in approximately 15 minutes.   The problem 


may have been exacerbated by substantial leakage of water (estimated at approximately 


200 cubic feet per second) through the wicket gates of the  pumped storage units before 


wicket gate seals were repaired.  This leakage may have produced a density flow of cool, 


well oxygenated water that would attract blueback herring to the draft tube openings, 


particularly in the summer time.  Wicket gates seals have since been repaired.  In addition 


to restriction of daytime pumping,  the blueback herring protection system was improved 


by  reconfiguring and expanding the high-frequency sound repulsion system to provide 


greater acoustical coverage near the dam and expanding the system of pole-mounted 


lights used to attract blueback herring (and other species of fishes that attract to lights) 


away from the draft tube openings of the pump-storage 


units.   The final component of the fish protection system for blueback herring was the 


elimination of a vortex in front of unit 8.  This vortex appeared to attract and entrain large 


numbers of blueback herring  into unit 8  and also interfered with the fixed-aspect  


hydroacoustics monitoring system.  On 30-31 March 1995 a  Unit 5 net catch expanded to 


a four unit total passage of approximately 400,000 fish. On 13-14 April,  the CG agreed 


to a passage estimate (based on visual observations and  extrapolations from Unit 5 


netting)  for  Unit 8 of  227,000 fish in 4.5 hours and on 25-26 April we estimated (the 


recovery net partially failed)  that 169,000 fish passed through unit 8 in 1.5 hours.   The 


high entrainment rates, the inability of the monitoring system to characterize high 


entrainment, and scheduling considerations  suggested that entry into Phase III be delayed 


until these problems could be solved.   A rock berm, anchored to the shore and extending 


laterally for 300 feet into the channel, was constructed 600 feet downstream of the 


spillway  of the dam to eliminate the vortex as a significant hydraulic feature downstream 


of the dam. Additional lights were installed along the South Carolina shore to attract 


blueback herring away from the pump units.  Phase III data, collected with the full and 


complete protection system for blueback herring, did not produce a single high 


entrainment event for blueback herring as was  observed on a number of occasions during 


pre-Phase II or pre-Phase III sampling.   High entrainment rates observed during daytime 


pumping or during the spring of 1995 were not observed in the netting data during Phase 


III operation when the fish  protection system was complete.  Comparison of mobile 
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hydroacoustics estimates for the upper arm of the Savannah River between 1995 and 1996 


indicates that fish abundances  were approximately equal between the two years.  


Similarity in fish abundance downstream of RBR dam in conjunction with  substantially 


reduced entrainment from 1995 to 1996 suggests that the elimination of the vortex by the 


rock berm may be  responsible for the reduction in spring time entrainment of blueback 


herring from 1995 to 1996.  


 


     Entrainment of striped bass and hybrid bass was reduced directly  by  installing a 


barrier that physically excluded fish larger than about 12 inches long from entry into the 


draft tubes.  This barrier was further improved by reducing the gap around the edge of the 


barrier between it and the draft tube walls to no more than 2.0 inches.  Entrainment of 


these two species may also have been indirectly reduced by more efficiently redistributing 


blueback  herring and threadfin shad away from the dam with the reconfigured sound 


repulsion system or the expanded lighting system.  It is reasonable that a predatory fish 


would redistribute with the prey species.   Entrainment of  most species was also reduced 


by restricting project operation within 60 minutes of official sunrise or official sunset.  


Phase II evaluations and consistent reductions of  entrainment over Phase II and Phase III 


demonstrates that the fish protection system is providing a significant level of entrainment 


reduction and should be considered for continued implementation during commercial 


operation. 
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Introduction 
 


Background 


    


     The U.S. Army Corps of Engineers, Savannah District (SAS), develops and manages 


water resources on the Savannah River by constructing and operating reservoir projects.  


Richard B. Russell (RBR) Dam and Lake, begun in 1976, is the most recent of the 


Savannah River impoundments.  The RBR project is located on the Savannah River 


between Hartwell Lake to the northwest and J. Strom Thurmond (JST) Lake to the 


southeast and forms part of the boundary of the states of Georgia and South Carolina.  


RBR dam has four reversible turbines and four conventional turbines.  The reversible 


turbines can be used as pumps during periods of low power demand to replenish upstream 


storage for peak generation needs. 


 


     Experience at other hydropower projects, both conventional and  pumped storage 


projects, in which an upstream project discharges into the headwaters of a downstream 


reservoir, indicates that the major effects of operation are experienced by the downstream 


reservoir.   pumped storage operation, in particular, can result in high entrainment rates of 


fish with attendant mortality.  The mortality is primarily related to the differential 


distribution and abundance of fishes between the forebay and afterbay.  During 


generation, water is released from the deeper parts of the upstream reservoir where the 


density of fishes is generally low.  Therefore, turbine mortality during generation is 


generally negligible at large, hydropower storage projects.  However, during  pumped 


storage operation, water is pumped back from a shallow and narrow part of the 


downstream reservoir where the concentration of fishes can, at times, be high.  The 


reduced conveyance area in the downstream reservoir produces high water  velocities 


during the pumping phase of  pumped storage operation.   This problem is most 


pronounced in tandem projects when blockage of spawning migrations by the upstream 


project may cause high, spring-time concentrations of fishes in the vicinity of the 


powerhouse.  Alternatively, cool, oxygenated releases from the dam may attract cool 


water fishes such as blueback herring (Alosa aestivalis) and striped bass (Morone 


saxatilis).  Fish may be unable to swim against the reversed flow at RBR dam and be 


eventually drawn into the units or fish could follow the flow lines to the dam until 
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velocities become too high for them to escape from the entraining flow.  Fish eggs and 


ichthyoplankton could also be entrained into the units. 


 


     JST Lake has an established sport fishery that is monitored and managed (which 


includes annual stocking) by the states of Georgia and South Carolina.  A partial list of 


species important to the JST Lake fishery includes striped bass, white bass, crappie, 


several species of sunfish, sauger, white catfish, channel catfish, bullhead, hybrid bass, 


largemouth bass, yellow perch, gizzard shad, blueback herring, threadfin shad, walleye, 


and flathead catfish.  In the FSEIS prepared prior to construction of the pumpback 


project, the District committed to evaluate potential turbine mortality of entrained fishes 


during pumpback at RBR and the potential impact on the JST fishery should be 


addressed. 


 


     Consequently, in 1986 the Corps of Engineers ( CE) initiated an exhaustive study, the 


Richard B. Russell Fish Entrainment Study (RBRFES), to provide baseline data on the 


fish community of J. Strom Thurmond Lake, predict the potential for entrainment and fish 


mortality, develop fish protection measures, and monitor entrainment through the units.  


The District can compare total numbers of fishes entrained by species to their numbers 


within the lakes.  It will be possible to assess impacts by direct comparison if numbers of 


entrained fish are small compared to population estimates  (a few percent - the uncertainty 


in population modeling exceeds the effect of pumping operation)  or by population 


modeling if the numbers of fish entrained are a significant percentage of the total in JST 


Lake. 


 


     Much of the information generated by the RBRFES and additional studies, such as 


water quality measurements and predictions, was used to fulfill commitments made in the 


Final Supplement to the Environmental Impact Statement (FSEIS) for RBR dam.  


  


Recent Events 


 
      Studies conducted at RBR are closely coordinated among the states of Georgia and 


South Carolina, the U.S. Fish and Wildlife Service, the Department of Energy, and the 


CE.  General study design and conduct is described under the Consent Order from the 


Charleston, SC, United States District Court, signed on 6 December 1991.  A subsequent 


amendment, dated 3 April 1992, to the original Consent Order requires that the CE 
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conduct specific tests and studies to complete mechanical and environmental testing of 


the units.  These specific studies and their timing are described in the "Testing and 


Monitoring Plan  pumped storage Operations Richard B. Russell Dam and Lake" (TMP), 


dated 23 March 1992, as attached to the amendment to the Consent Order.  An additional 


 amendment to the Consent Order, dated 27 February, 1996,  made changes to the 


attached “Testing and Monitoring Plan” eliminating the requirement for hydroacoustic 


monitoring and increasing the number of net samples required per month for Phase III 


environmental testing.  This amendment also permitted construction of a rock structure to 


correct the unit 8 vortex problem.   


  


Testing and Monitoring Plan 


 


     The TMP identifies all environmental concerns and describes both water quality and 


fishery studies that the CE, State of South Carolina, State of Georgia, and National 


Wildlife Federation feel are required to quantify the impacts of pumpback operation on 


the environmental quality of RBR and JST lakes.  All studies were conducted to be 


consistent with the following four general provisions of the TMP: 


a)  A phased approach for bringing the units into operation which provides for a period 


     of testing the units prior to committing them for dependable, commercial production. 


b)  Installation and operation of a high frequency sound and light protection system. 


c)  Extensive fishery monitoring to determine the impacts of  pumped storage operation 


     at RBR and the effectiveness of the fish protection system. 


d)  Analysis of  data from the monitoring plan to determine if  additional fish protection 


      measures and/or fishery mitigation is needed. 


Activities to bring the units to commercial operation were separated into three phases.  In 


Phase I, monitoring was employed to insure that no significant fish kills occurred during 


testing for mechanical and electrical certification.  In Phase II, one or more pump-turbines 


were sampled at regular intervals during pumping operation and during more than four-


unit conventional hydropower operation (2-4 days per month) to assess the impacts of fish 


entrainment and mortality.  A second major objective of Phase II was to obtain an 


acceptable correlation between recovery net catches and the data obtained from fixed-


aspect hydroacoustics monitoring. This objective is carried forward into Phase III.   This 


report summarizes data collected during Phase II and documents Phase III data collection 


activities to document fish entrainment and mortality during capacity pumpback with all 


four units.  Water quality studies described in the TMP are submitted under a separate 
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cover and are not described or discussed further in this report.  The following 


environmental concerns (not involving water quality) were identified during preparation 


of the supplement to the RBR environmental impact statement as listed in the TMP: 


a.  Entrainment of fish from JST Lake during pumpback operations. 


b.  Entrainment of fish from RBR Lake during generation with more than four units. 


c.  Changes in fish distribution resulting from  pumped storage operations. 


d.  Commercial and recreational access to the RBR tailrace and tailwater. 


e.  Commercial and recreational fishing success in the RBR tailrace and tailwater. 


 


Dam Description 
 


     Complete understanding of study results requires an understanding of the configuration 


of the dam.  Richard B. Russell Dam is a concrete gravity dam with a total water line 


width in the afterbay of about 1200 feet.  The dam consists of a powerhouse housing 8 


turbines with a total width of about 640 feet on the Georgia side of the river and a 


spillway about 560 feet long on the South Carolina side of the river (Figure 1 [Figure 2-1 


from FSEIS]).  The turbines are numbered sequentially beginning with unit number 1 on 


the east side of the powerhouse and ending with unit number 8 nearest the spillway.  Units 


1-4 are conventional Francis units, and units 5-8 are Francis pump-turbines.  The four 80-


megawatt (MW) pump-turbines can be used as conventional power generators to 


supplement the four conventional power generators at the project during periods of peak 


demand or as pumps during periods of low demand to replenish upstream storage for later 


generation.  During conventional generation, up to 648 megawatts of power can be 


generated as Richard B. Russell Dam releases up to 60,000 cfs into J. Strom Thurmond 


Lake (JST), the downstream reservoir.  During  pumped storage operation, up to a 


maximum of 30,000 cfs can be pumped from J ST back into Richard B. Russell Lake. 


 


     Several conventions were employed throughout the report.  The term "tailrace" refers 


to the rip-rapped portion of the Savannah River arm of JST and is equivalent to station 1. 


 The tailrace extends from the foot of RBR Dam downstream for a distance of 450 m.  


"Tailwater" refers to the entire Savannah River arm of JST extending from the 


downstream end of the tailrace to the confluence with the Broad River (a distance of 


approximately 8 km).  Tributary stations are stations that are located in the three major 


tributaries of JST:  The Broad River, The Little River entering from the Georgia side of 


the lake and a separate river sharing the name Little River entering from the South 
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Carolina side of the lake. 


 


 


 


Study Participants 


 


     The RBRFES was partnered with both Federal and state agencies to incorporate 


regional expertise and to achieve consensus on study design, data handling, and 


interpretations.  The RBRFES was managed by the SAS and executed by the U.S.A.E. 


Waterways Experiment Station in Vicksburg, MS.  Baseline fisheries monitoring using 


conventional methods such as nets, electroshocking, and cove rotenone studies were 


performed by the National Biological Survey, Georgia Fish and Wildlife Cooperative 


Research Unit (Georgia Coop Unit) at the University of Georgia.  The Coop Unit was 


also responsible for all "hands-on" processing of fish collected during conventional and 


pumpback full (entire intake plume is netted) or partial (approximately 50 percent of the 


intake plume is netted) recovery net sampling and the conduct of net calibration studies to 


determine the recovery efficiency of the nets.  Net design, deployment, retrieval, and 


storage were performed cooperatively by WES, SAS, and contractor personnel.  The 


Coop Unit participated in analysis of all data collected by them.  National Biological 


Survey, South Carolina Fish and Wildlife Cooperative Research Unit (Clemson Coop 


Unit) at Clemson University, South Carolina, developed estimates of recreational and 


commercial harvest of blueback herring.  Mobile hydroacoustics data were  collected and 


processed by WES staff and under contract Normandeau and Associates and 


Kleinschmidt, Inc.  Fixed-aspect hydroacoustics data were collected and processed by on-


site contract personnel with the assistance of WES.  Further processing,  analysis, 


equipment calibration, and QA/QC was performed by  Aquacoustics, Inc. Elements of the 


 fish protection system were identified by WES and designed and constructed  


cooperatively by WES and SAS personnel. 


 


     Study coordination and agency input were obtained through a Technical Coordination 


Group (CG) established under the TMP.  The CG met monthly during Phase III to discuss 


study progress, study content, schedules, data, and other pertinent topics.  A written log 


was used to transmit agency recommendations to the District Engineer.  In case of 


disagreements within the CG, procedures were outlined by which agency concerns could 


be elevated to the District Engineer level. 
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Purpose and Objective 
 


     The purpose of the TMP was to develop a knowledge and data base sufficient to 


support decision-making regarding  pumped storage operation at RBR dam.  Specific 


Phase III study objectives were to evaluate fish entrainment and mortality during 


pumpback operation at as close to full commercial operation levels as feasible and to 


obtain acceptable correlation between recovery net catches and data obtained from fixed-


aspect hydroacoustics monitoring systems. 
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Phase III Study Summaries 
 


Report Contents and Organization 
 


     The following studies represent each of  the major components of the RBRFES.  


Detailed descriptions of the methods used for the studies can be found in Appendix A for 


entrainment studies (studies quantifying spatial and temporal patterns of entrainment) and 


Appendix B for baseline studies (studies presenting information on the abundance or 


spatial  distribution of biological resources in either lake).  Each of the study descriptions 


is preceded by a brief summary and is then presented in its entirety, that is, the 


introduction, materials and methods, results, and discussion are presented within each task 


area.  Figures and tables for each task area are located at the end of the text for that 


specific task area. 
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Pumpback Full and Partial Recovery Netting 


 


Summary 


 


      The only direct method for quantifying the passage of  fish through a turbine is to 


employ nets to recover passed fishes.   By agreement with the states, recovery netting was 


employed to estimate entrainment for impact assessment.  Netting data are adjusted for 


net efficiency because nets capture fish of different species or sizes at different 


efficiencies.  For example,  the efficiency with which the recovery gear recovers 2-inch 


threadfin shad is only about 20 percent.  To estimate the passage of 2-inch threadfin shad, 


the net sample must be expanded by a factor of 5.0 to account for this relatively low 


efficiency of recovery.  Conversely, the recovery of fish greater than 10 inches 


approaches 100 percent so that minimal adjustments must be made to the netting data.  


The adjusted rate of passage (fish/hour) estimated from 16 net samples per month (with 


each unit sampled four times per month) is expanded by the number of pump unit   hours 


of operation for that month to estimate total monthly  passage during Phase III or to 


project entrainment based on that rate for  different hydrologic conditions. 


 


     During Phase III, a total of 577,686 fish with a biomass of  3441 kilograms were 


collected by  recovery  nets.   A total of 3,853,317 fish  greater than or equal to 1.5-inches 


long having a biomass of 17,673 kg were estimated to have been entrained through the 


pump units during Phase III pumpback operation.  However, passage survival studies 


demonstrated that not all fish were killed during passage.  Incorporation of survival 


information reduces the numbers of fish killed by  4.9 percent but reduces the biomass of 


fish killed by 26 percent.  For an annual cycle 10,078,432 fish could be reasonably 


expected (dry year entrainment) to pass through the dam and 8,067,489 could reasonably 


be expected to be killed during turbine passage. 


 


      During Phase III, threadfin shad (90.9 percent by number and 35.5 percent by 


biomass), blueback herring (6.4 percent by number and 33.7 percent by biomass),  white 


perch (1.3 percent by number and 19.2 percent by biomass), and black crappie (0.7 


percent by number and 6.1 percent by biomass) dominated the  entrainment samples 


(Tables 1-2 and 1-3).  These four  species constituted 99.3 percent by number and 94.5 


percent by biomass of the entrainment samples. Entrainment percentages for other  
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species important to the sport fishery of  JST Lake were largemouth bass (0.027 percent 


by number and 0.0219 percent by biomass), striped bass (0.02 by number and 0.78 


percent by biomass), and hybrid bass (0.01 percent by number and 0.73 percent by 


biomass).  An additional 37 striped bass and 14 hybrid bass were estimated to have 


impinged on the  bar screen veneers used to physically exclude large fish from the 


turbines.   


 


Introduction 
 


    The only direct method for quantifying the passage of  fish through a turbine is to 


employ nets to recover passed fishes.   The rate at which fish are recovered by the nets 


must be corrected for net efficiency because nets are seldom 100 percent at recovering 


fishes (Table 1-1).  Two types of netting were employed to recover fishes that passed 


through the turbines.   A full recovery net covered the intake of pump-turbine unit number 


5 and filtered most of the pumpback jet.   A recovery barge connected to the furthest end 


of the net provided a platform from which fishes could be sampled in real time for 


identification, enumeration, and measurement. Fishes purposely inducted or entrained into 


the pump units could also be recovered for studies of immediate and delayed mortality.  


Full recovery netting is dangerous, complicated, and labor intensive compared to partial 


recovery netting (or fyke nets).   Fyke nets were deployed into one of the two operational 


gate slots of each unit  - the other bay was left unnetted as a safety measure to prevent 


pressure build up on the trash rack in case the fyke net on the netted bay clogged with 


debris or fish.  The fyke nets were usually fished for one to five hours after which they 


were pulled and emptied.  The fyke nets are much easier to deploy and retrieve but cannot 


be used for mortality studies or collection of real time samples.  This section presents the 


species, size, and temporal composition of fish  entrainment for pump storage operation at 


RBR dam. 


 


Sampling Description 


 


     Phase III entrainment monitoring was conducted from 1 April 1996 to 31 October 


1996.  This time period was selected for sampling because long-term baseline fish  


sampling using a variety of gears indicated the time period of  maximum biological 


activity downstream of Richard B. Russell Dam occurred during these months.  The 
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number of hours per month of recovery net sampling contrasted to the number of hours 


per month of Phase III pumpback operation  is shown in Table 1-2 as well as the number 


of hours of operation projected for wet, average, and dry years.   Note that the number of 


hours of sampling was generally constant varying from 66.3 hours in April to 84.4 hours 


in August.  In general, recovery  net samples were collected 16-18 times per month during 


Phase III with each of the four pump turbines being netted at least four times per month.   


    


 


     Phase III operation involved a total of  3129 unit hours of pumping operation at 


Richard B. Russell Dam between the months of April to October 1996.  This total 


approximates an anticipated average water year of pumping  operation  of 3830 unit hours 


during these same months.  Phase III operation was substantially  greater (factor of 4) 


than anticipated wet year pumping operation of 803 unit hours and about 33 percent less 


than dry  year condition pumping operation of 4633 unit hours for the same months.   


Consequently, the Phase III data set should be a good predictor of entrainment under 


average water year conditions  (Table 1-2). 


 


Phase III Netting Results - April through October 1996 
 


     During Phase III, a total of 577,686 fish with a biomass of  3441 kilograms were 


collected by full recovery  netting (net covers all or most of exit jet) or partial recovery 


netting (net covers one of two bays of intake flow) during  pumped storage operation.  


This estimate is corrected for net efficiency and for coverage for partial recovery netting.  


Recovered fish were expanded to estimate total power plant passage during pumping 


operation by calculating an arithmetic mean passage rate (fish/hour)  from data obtained 


by recovery  netting of the netted units and expanding the calculated rate by the total 


number of unit hours of operation for that month.   During Phase III, sixteen net samples 


were collected per month with each sampling duration lasting a minimum of four hours.  


A total of 3,853,317 fish  greater than or equal to 1.5-inches long having a biomass of 


17,673 kg were estimated to have been entrained through the pump units during Phase III 


pumpback operation (Table 1-3).   An additional 85 fish having a biomass of 56 kg  were 


estimated to have impinged on the bar screen veneers that physically  exclude fish greater 


than about 12 inches long from entering the draft tube openings during pumping operation 


(Table 1-11).  Total impingement of fish on the bar rack veneers during Phase III 


sampling was estimated at 303 fish with a biomass of 171 kg.   Impingement of fishes on 
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the screens is a very minor component of impact on the fish community of J Strom 


Thurmond Lake resulting from  pumped storage operation of Richard B. Russell Dam.   


Conventional generation passage  
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Table 1-1.  Monthly full recovery (a) and partial recovery net (b) calibration estimates used for entrainment by species group and size group. 
  
 
 


 
(a) Full Recovery Net - Species/Size Group 


 
Month 


 
Golden 
shiner 
1-2" 


 
Golden 
shiner 
3-4" 


 
Blueback 


herring 5-
10" 


 
Yellow 


perch 3-
4" 


 
Yellow 


perch 5-
10" 


 
Bluegill 


1-2" 


 
Bluegill 


3-5" 


 
Bluegill 
6-10" 


 
White 


perch 3-
4" 


 
White 


perch 5-
10" 


 
Catfish 
2-5" 


 
Catfish 
6-10" 


 
April 


 
31.4 


 
28.0 


 
54.6 


 
38.3 


 
38.3 


 
49.2 


 
49.2 


 
89.2 


 
50.0 


 
50.0 


 
59.0 


 
59.0 


 
May 


 
17.2 


 
28.8 


 
54.5 


 
38.0 


 
43.4 


 
48.2 


 
48.2 


 
89.2 


 
68.0 


 
66.8 


 
59.0 


 
59.0 


 
June 


 
15.1 


 
28.5 


 
53.9 


 
37.8 


 
44.5 


 
17.5 


 
47.8 


 
82.2 


 
68.0 


 
60.8 


 
41.6 


 
41.6 


 
July 


 
15.2 


 
29.1 


 
53.9 


 
37.8 


 
44.5 


 
17.3 


 
49.5 


 
82.2 


 
68.0 


 
62.4 


 
32.7 


 
41.6 


 
Aug 


 
13.9 


 
29.4 


 
53.9 


 
37.8 


 
44.5 


 
18.1 


 
49.6 


 
82.2 


 
68.0 


 
62.4 


 
21.7 


 
41.6 


 
Sept 


 
14.0 


 
28.8 


 
53.9 


 
37.8 


 
44.5 


 
18.1 


 
49.6 


 
82.2 


 
68.0 


 
62.4 


 
21.7 


 
41.6 


 
Oct 


 
13.6 


 
28.4 


 
53.9 


 
37.8 


 
44.5 


 
16.2 


 
48.6 


 
82.2 


 
68.0 


 
62.4 


 
21.7 


 
41.6 


 


 


 
 


 
(b) Partial Recovery Net - Species/Size Group 


 
Month 


 
Golden 
shiner 
1-2" 


 
Golden 
shiner 
3-4" 


 
Blueback 


herring 5-
10" 


 
Yellow 


perch 3-
4" 


 
Yellow 


perch 5-
10" 


 
Bluegill 


1-2" 


 
Bluegill 


3-5" 


 
Bluegill 
6-10" 


 
White 


perch 3-
4" 


 
White 


perch 5-
10" 


 
Catfish 
2-5" 


 
Catfish 
6-10" 


 
April 


 
11.37 


 
77.46 


 
91.67 


 
76.17 


 
87.91 


 
22.11 


 
82.34 


 
75.33 


 
88.79 


 
83.54 


 
81.48 


 
91.77 


 
May 


 
11.69 


 
75.48 


 
85.83 


 
76.17 


 
87.91 


 
22.90 


 
83.15 


 
82.25 


 
90.19 


 
89.92 


 
81.48 


 
91.44 


 
June 


 
17.04 


 
73.81 


 
85.83 


 
76.17 


 
87.91 


 
29.13 


 
84.61 


 
89.35 


 
91.67 


 
91.22 


 
81.48 


 
91.44 


 
July 


 
19.70 


 
73.37 


 
88.33 


 
76.64 


 
87.91 


 
33.87 


 
85.26 


 
89.35 


 
91.67 


 
93.46 


 
83.61 


 
91.44 
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Aug 17.54 73.22 89.78 76.51 87.91 32.44 82.80 90.96 91.67 93.21 82.22 91.44 


 
Sept 


 
18.89 


 
72.14 


 
92.08 


 
76.51 


 
87.25 


 
35.27 


 
82.41 


 
90.96 


 
91.67 


 
93.21 


 
82.22 


 
91.44 


 
Oct 


 
18.57 


 
70.68 


 
92.08 


 
76.51 


 
87.25 


 
40.38 


 
82.34 


 
90.96 


 
91.67 


 
93.21 


 
82.22 


 
91.44 
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was not monitored during Phase III studies.   Prior to Phase III, the resource agencies 


agreed that monitoring activities should concentrate on the pumping phase of  pumped-


storage operation.  


 


Adjustments for Survival 
 


     Passage survival studies for entrained fish during pumping operation found mortality 


ranging from  0.0 percent to 100.0 percent and was  dependent upon the species tested 


and the month in which the test was conducted.  Corrected for survival, a total of  533,327 


fish having a biomass of 2327 kg were estimated to have been killed passing through the 


netted unit (Table 1-4).   A total of 3.66 million fish having a biomass of 13,016 kg were 


estimated to have been killed by  pumped storage operation during Phase III testing 


(Table 1-7).   The addition of survival information  changed  the numbers of fish impacted 


by pumping by only 4.9 percent because the numbers are dominated by threadfin shad 


passed during the late summer and early fall when estimated turbine passage mortality of 


threadfin shad approached  100.0 percent.  However, addition of survival information 


changed the biomass of  fish impacted by pumping by 26 percent because passage of  


larger fish was greater during the spring months when estimated turbine passage mortality 


was  reduced.  Including survival into annual estimates of turbine passage produces a 


proportionally greater reduction in fish loss than including survival during Phase III.  


Survival of passed fish is substantially greater during the cold water temperatures that 


characterize November through March (compare relative change in entrainment from 


Table 1-3 to Table 1-4  with relative change in entrainment from Table 1-15 to Table 1-


19).  For example, addition of turbine passage survival information changes Phase III loss 


estimates during dry  year pumping from 5,204,911 to 4,842,477 (change of 7.0 percent). 


 However, annual loss estimates change from 10,078,432 without considering turbine 


survival to 8,067,489 (change of 25 percent). Consequently, addition of survival 


information provides a substantial reduction in estimated total annual loss.  Turbine 


passage mortality estimates are conservative because fish passage mortality is not reduced 


by mortality resulting from capture, handling, transport, and holding of fishes (all 


components of control mortality) associated with conducting mortality studies.  That is, 


for most species collected, recovered fish experienced stress from capture, handling, 


transport, and holding.  These stresses are known to produce mortality of some recovered 


fish, but were not incorporated into turbine passage mortality  estimates.   Consequently, 


our estimates of mortality are inflated by  mortality  components not resulting from fish 
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passage.   


 


Species Composition of Pumpback Entrained Fish - April 


through October 1996 
 


     The following general trends in fish entrainment data are based on net data (net sample 


adjusted for efficiency and coverage) adjusted by survival information (Table 1-4).  Note, 


however, that percentages that each species will contribute to total entrainment will vary  


by water year.  This variation occurs because of the interplay between seasonal patterns of 


entrainment and monthly changes in pumping durations.   The proportion that each month 


of pumpback capacity  contributes to total annual pumpback  capacity  will change with 


water year (Table 1-2).  


 


      During Phase III, threadfin shad (90.9 percent by number and 35.5 percent by 


biomass), blueback herring (6.4 percent by number and 33.7 percent by biomass),  white 


perch (1.3 percent by number and 19.2 percent by biomass), and black crappie (0.7 


percent by number and 6.1 percent by biomass) dominated the  entrainment samples 


(Tables 1-2 and 1-3).  These four  species constituted 99.3 percent by number and 94.5 


percent by biomass of the entrainment samples. Entrainment percentages for other  


species important to the sport fishery of  JST Lake were largemouth bass (0.027 percent 


by number and 0.0219 percent by biomass), striped bass (0.02 by number and 0.78 


percent by biomass), and hybrid bass (0.01 percent by number and 0.73 percent by 


biomass).  An additional 37 striped bass and 14 hybrid bass were estimated to have 


impinged on the  bar screen veneers used to physically exclude large fish from the 


turbines.   


 


Seasonal Patterns of Entrainment - April through October 


1996 


 


     Phase III sampling included the critical spring and summer months when entrainment 


potential was high  and fish activity was pronounced.   There were several patterns 


observed in entrainment.  These patterns are described in detail in Table 1-5 and 


summarized in Table 1-6.  Entrainment of most species  except threadfin shad was highest 


in the spring months.  This corresponds to findings from the gillnetting results conducted 
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as part of the baseline monitoring where the catch of  species other than threadfin shad 


that exhibited a distinct spatial trend were most abundant near the dam from March, April, 


and May.  This pattern was most evident for blueback herring, white perch, black crappie, 


striped bass, and hybrid bass.  Threadfin shad were entrained in large numbers during the 


late summer and early fall (August through September) coinciding with the time period 


when juveniles have grown large enough to be effectively sampled by the recovery nets.  


Impingement of  fishes on the bar rack veneer followed the same general seasonal  pattern 


as was observed for entrainment of species other than threadfin shad.  Impingement of  


large fish peaked in April and was negligible after May (Table 1-12). 


 


Unit-by-Unit comparisons of Entrainment 


 


     Entrainment was summarized by unit to determine if any one unit tended to entrain 


more fish than other units (Table 1-7).  No substantial differences in entrainment rate was 


observed except for Unit 5 April entrainment.  Finer resolution to perform unit-by-unit 


comparisons is available from the fixed-aspect hydroacoustics system results of which are 


documented later in this report. 
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Size Composition of  Pumpback Entrained Fishes - April 


through  October 1996 
 


     For purposes of comparability, fish size categories used to describe predicted 


entrainment in the Final Supplement to the Environmental Impact Statement are used to 


describe Phase III entrainment in this report.   Size composition of entrained fishes 


reflected species composition with 90 percent of  entrained fishes occurring in the 1.6- to 


3.5-inch size class (Table 1-8), the same percentage as the percent composition of 


threadfin shad (Table 1-4).  Over 99.8 percent of Phase III entrained fish were less than 


8.5 inches long (Table 1-8).  The abundance of the next two size classes appears to be 


inverted with the 3.6- to 5.5-inch size class  at 4 percent of the total being less abundant 


than the 5.6- to 8.5-inch size class at 6 percent of the total being slightly more abundant 


(Table 1-8).   The apparent inversion in  abundance of the next two size classes reflects 


both the increased number of inch classes in the 5.6- to 8.5 inch size category and also 


reflects species composition of entrained fish.  Blueback herring, the second most 


abundant species in the entrainment sample occur mostly in the 5.6- to 8.5 inch size class. 


 


     Size composition of  key sport species entrained also was generally characterized  by 


the smaller size classes (Table 1-8) .  The most commonly entrained sport fish was white 


perch (Table 1-5).  Of the 26,459 white perch estimated to have killed passing through the 


turbines during Phase III,  about  34 percent were of harvestable size (greater than 6.5 


inches long) with the intermediate size class (4.5 to 5.4-inch fish) containing 56 percent of 


the sample.  Less than 11 percent of the sample was in the fingerling size class.   


Similarly, total black crappie numbers killed by  passage through the pump turbines was 


estimated at 20,104 with intermediate-size fish dominating the sample (86 percent of the 


total) and only  about 7 percent of the total take of black crappie was in the harvestable 


size class. 


 


     Striped bass and hybrid bass entrainment was identified as a key issue early in project 


planning.  Both state resource agencies stock hybrid and striped bass and both species are 


considered to be valuable sport fishes important to the economies of the local area as 


noted in the creel section of this report.  Unlike the size distributions for black crappie 


and white perch, four size classes  were used to characterize  striped bass and hybrid bass 


entrainment  (Table 1-8) so that entrainment of  large fish (greater than 14 inches long), of 
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interest to anglers and the resource agencies, could be described.   A total of 595 striped 


bass were estimated to have been either killed passing through the dam (556) or impinged 


on the barrack veneer  (39) during Phase III sampling (Tables 1-7, 1-8, and 1-9) .   Of the 


total, 97 percent were less than 15 inches long and only 3 percent were 15 inches long or 


longer (Table 1-8).   Similarly,  90 percent of the total 260 hybrid bass estimated to either 


have been killed either  passing through the dam (246) or impinged on the bar screen 


veneer (14) during Phase III sampling (Tables 1-7,1-8, and 1-9) were less than 15 inches 


long and only 10 percent were 15 inches long or longer. 


 


Phase III Entrainment Expanded to Annual Estimates 


 
     Phase III samples were collected from  1 April through 31 October.  Consequently, 


entrainment during November, December, January, February, and March was not 


monitored during Phase III.  Entrainment rates that could be reasonably expected during 


the unsampled months were estimated by reanalyzing Phase II data that were collected 


from August 1993 through August 1994 to develop expansion factors that could be 


applied to the Phase III data.  However, Phase II data were collected much less frequently 


than Phase III data with only four samples per month  collected during the biologically 


active period and only two samples per month collected during the remaining months.  


This compares to 16 samples per month collected during Phase III.  Consequently, any 


use of Phase II data to expand Phase III data to provide estimates of entrainment for 


November, December, January, February, and March should be viewed as a general guide 


only.   The end of Phase II and the beginning of Phase III separated by 19 months during 


which time the composition of the fish community may have changed and also the 


sampling effort differed significantly between the two phases.  


 


      Phase II expansion factors were developed by resummarizing Phase II data by 


monthly  arithmetic passage rates (fish/hour) for each species recovered similar to the 


methods employed to analyze Phase III data.  The resulting rates were multiplied times 


Phase III sampling and the expected monthly pumpback hours of operation to be expected 


for wet year, average year, and dry year pumping operations.   Species-specific monthly 


totals of Phase II data were summed for the months of April through October (Table 1-


12) to generate a Phase II data set that covered the same months as Phase III sampling.  


All months of Phase II sampling were then summed, for each species separately, to 


generate an estimate of total annual passage (Table 1-13).  Expansion factors were then 
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developed to determine the proportion of total annual entrainment that occurred during 


April to October for each species (Table 1-14).  These factors were then applied to the 


Phase III entrainment totals for April to October to project annual entrainment for each 


species (Table 1-15).  The annual expanded values for the worst case (dry year) 


projections (10,078,432)were numerically  dominated by threadfin shad (9,316,803 - 92 


percent),  and blueback herring (43,3431 -4.3 percent), white perch (109,456 - 1.1 


percent).   No other species made up more than 1.0 percent of the total. 


 


     A similar procedure was used to estimate the numbers of fish that could reasonably  be 


expected to die (as opposed to passing through the units) during an annual cycle, that is, 


estimates of fish passage survival were used to adjust the entrainment rates by those 


proportions of the fish that could survive entrainment through the pump units.   Turbine 


passage survival rates obtained from Phase III were applied to Phase II data.  April 1996 


survival data were applied to December, January, February, and March entrainment and 


June 1996 survival data were applied to November entrainment.  Revised tables were then 


generated for April through October  (Table 1-16) entrainment and total annual 


entrainment (Table 1-17).  From the revised tables, adjustment factors were generated 


(Table 1-18) that could be applied to Phase III entrainment data to project entrainment 


that could be reasonably expected for the different water years (Table 1-19).  Projected 


worst case entrainment mortality of 8,067,489  per year, based on expansions of Phase III 


data, is dominated by threadfin shad (7,616,835 - 94.4 percent), blueback herring (3.9 


percent), and white perch (0.7 percent).  Projections revised for survival decrease 


substantially from entrainment estimates because passage survival appears to be inversely 


related to temperature.   Winter time survival is substantially higher than summer time 


survival because water temperatures in December through March are substantially lower 


than during most of Phase III sampling.   


 


    Note that projected numbers for various water years for Phase II and Phase III for the 


months of April through October are very close although biomasses deviate more 


substantially.  The difference in biomass is probably related to the differential seasonal 


entrainment of threadfin shad between Phases II and III.  Phase III entrainment was 


dominated by threadfin shad passage during August-September whereas these high rates 


were not as pronounced during Phase II.  Consequently, the mean size of fish was greater 


in the summer of Phase II than in the summer of  Phase III.  This difference was most 


pronounced for the wet year projections where most pumpback operation occurs in the 
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late summer.  During the summer of Phase II, proportionally more blueback herring were 


entrained whereas in Phase III, proportionally more threadfin shad were entrained.   


 


Additional Data Summaries 
 


     The TMP plan requires that summaries of Phase II findings be presented in the Phase 


III documentation.  Entrainment totals based on arithmetic means from Phase II are 


presented in Tables 1-12 (April-October) and 1-13 (all months) along with water year 


expansions.  These data are presented in greater detail in the Phase II Completion Report. 


 Several instances where found where an entrainment sample was assigned to the wrong 


month.  Misassigned data were corrected; however, the change will  result in small 


differences between Phase II summaries presented here compared to other arithmetic 


summaries.  The largest differences between summaries presented in this report compared 


to earlier summaries is caused by treatment of the data.  As agreed to by the CG, the 


Phase II Completion Report presents summaries based on geometric means whereas the 


Phase II summaries presented in this report are based on arithmetic means, as the CG later 


requested.   


     Summaries from PrePhaseIII sampling from August 1994 to March 1996 are presented 


in Table 1-20 (not adjusted for turbine passage survival) and Table 1-21 (adjusted for 


turbine passage survival).   PrePhase III data should be interpreted with caution because 


the data were not collected as part of a systematic monitoring program but instead were 


collected for a variety of purposes ranging from improving the hydroacoustic-net 


calibration to collecting flow field data.   Also, entrainment rates for some samples of 


April of 1995 are underestimated because of net failure.   Passage estimates when nets 


failed were recommended by the CG.  Passage estimates for those months are as follows:  


 On 13-14 April, the CG agreed to an estimated (based on visual observation and 


extrapolation from catch rates at Unit 5) passage through Unit 8 of  227,000 fish in 4.5 


hours and on 25-26 April we estimated (the recovery net partially failed)  that 169,000 


fish passed through unit 8 in 1.5 hours.   


 


     Entrainment summaries for Phase I are presented in Tables 1-22 (not corrected for 


survival) and 1-23 (corrected for survival).  These two tables include all data for August 


1993.  The Phase II summaries include data only for 30-31 August 1993.  As with the pre-


Phase III sampling, these data must also be used with caution since they were not part of a 


rigorous sampling  program, but rather were collected to test recovery gear or for similar 
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reasons.  Phase I data also include a number of daytime tests during which time 


entrainment rates were substantially higher than during night time testing.  By agreement, 


day time testing and operation of pumped storage was suspended.  


 


     A listing of all data along with monthly error estimates are presented in Table 24.  


These calculations combine data from all units during each month in order to calculate a 


sample mean and measure of dispersion.  As directed by the CG, mean entrainment rate 


was obtained as the grand mean of the mean of hourly entrainment rates for each unit.  


Both methods will produce the same result if each unit is sampled an equal amount for 


each month.  However, neither sampling duration nor sampling location was exactly 


uniform for  Phase III.   Consequently, the means obtained for calculating the measure of 


dispersion will vary slightly from the mean entrainment rates used to summarize 


entrainment.  For purposes of consistency, values for dispersion about the mean (i.e., the 


standard errors tabulated in Table 24) were added back to the mean entrainment rate 


calculated by weighting each unit equally.  As recommended by consultation between 


WES statistician and Clemson University, the mean +/- 2 and 3 standard deviations were 


used  as an interval measure for the entrainment data in lieu of confidence limits.   The 


mean +/- 2 and +/- 3 standard errors has at least a 75% and a 89% chance, respectively, of 


including the population mean.  
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 Table 1-2.  Summaries of sampling effort compared to total pumping unit hours and 
projected total plant pumping unit hours for all pump units combined for each month of 
Phase  III sampling. 
 


 
 


Month 


 
Total 
hrs. 


Netted 
Phase 


III 


 
Total hrs. 
Pumping 
Phase III 


 
Projected 


hrs. 
Pumping 
Wet Year 


 
Projected 


hrs. 
Pumping 
Average 


Year 


 
Projected 


hrs. 
Pumping 
Dry Year 


 
January 


 
 


 
 


 
0 


 
389.7 


 
690.8 


 
February 


 
 


 
 


 
33.1 


 
314.9 


 
629.7 


 
March 


 
 


 
 


 
0 


 
194.9 


 
478.3 


 
April 


 
66.3 


 
159.9 


 
34.3 


 
308.6 


 
497.1 


 
May 


 
66.9 


 
364.4 


 
35.4 


 
389.7 


 
549.1 


 
June 


 
65.5 


 
256.5 


 
68.6 


 
497.1 


 
634.3 


 
July 


 
73.5 


 
604.6 


 
194.9 


 
690.9 


 
744.0 


 
August 


 
84.4 


 
544.6 


 
141.7 


 
690.9 


 
744.0 


 
September 


 
78.0 


 
649.4 


 
257.1 


 
668.6 


 
720.0 


 
October 


 
82.5 


 
549.6 


 
70.9 


 
584.6 


 
744.0 


 
November 


 
 


 
 


 
0 


 
394.3 


 
685.7 


 
December 


 
 


 
 


 
35.4 


 
442.9 


 
690.9 


 
Total Phase 


III 


 
517.1 


 
3129 


 
802.9 


 
3830.4 


 
4632.5 


 
Total Year 


 
517.1 


 
3129 


 
871.4 


 
5567.1 


 
7807.9 
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Table 1-3.  Summaries of numbers and biomass for fish greater than or equal to 1.5-inches long based on Phase III netting months, estimated Phase III totals, projected wet water year (25% 
exceedance), projected average water year (50% exceedance), and projected dry water year (75% exceedance) for all species recovered during Phase III sampling. Note that shifts in relative 
abundance  may occur between species. These shifts occur because the numbers of hours of pumpback operation is not constant and changes substantially across Phase III sampling and 
different water years.  All projections include 2 & 3 standard deviations of the mean.  Results are not adjusted for survival. 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3 
                     EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR    STAND. ERROR 
 
THREADFIN SHAD        498599      86.31        866        25.15       3452839         4702682         5327604         5755           7796             881 7 
BLUEBACK HERRING       46119       7.98       1061        30.82        255131          521386          654514         5841          12147            15300 
WHITE PERCH            13518       2.34        903        26.24         49937           73867           85831         3146           4711             5494 
BLACK CRAPPIE           8104       1.40        253         7.35         41004           73912           90366         1313           2301             2796 
CHANNEL CATFISH         2801       0.48        121         3.51         14087           20003           22962          563            846              988 
YELLOW PERCH            2415       0.42         45         1.31          9884           16614           19979          183            297              354 
BLUEGILL                2227       0.39         27         0.78         11765           17426           20257          152            222              257 
SPOTTAIL SHINER         1533       0.27         14         0.41          5566            9028           10759           51             84              100 
 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR       NUMBER       STAND. ERROR    STAND. ERROR      MASS(KG) 
 
 1003164        1364652         1545396         1657           2237             2527           4053373         5522892         6257651           6826 
   40668          77881           96488          917           1768             2194            299678          603173          754920           6900 
    8690          12599           14553          538            790              916             72889          106661          123548           4721 
    6251          10459           12564          218            353              420             50431           88427          107425           1608 
    2708           3764            4293          111            161              186             17195           24260           27792            721 
    2103           3510            4214           39             63               75             14473           23836           28518            270 
    2856           4207            4883           39             57               66             15727           23748           27759            195 
    1122           1852            2217           10             17               20              8819           14352           17118             80 
 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
STAND. ERROR    STAND. ERROR       NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR 
 
     9262           10480        4538666        6205194         7038457         7741          10562            11973 
    14137           17755         395655         803259         1007062         9103          18844            23714 
     6946            8058         106649         155175          179439         7046          10287            11908 
     2749            3319          68892         121243          147419         2162           3718             4496 
     1064            1235          22983          32477           37224          983           1447             1679 
      429             509          19891          32437           38710          373            588              695 
      288             334          19561          29657           34705          239            353              410 
      133             160          12654          20533           24473          116            192              230 
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Table 1-3. (Continued) 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3 
                     EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR    STAND. ERROR 
 
GIZZARD SHAD             598       0.10         44         1.27          3866            7484            9292          218            386              469 
WHITE CATFISH            592       0.10         17         0.50          3645            5785            6855          102            203              253 
STRIPED BASS             255       0.04         37         1.08          1004            1634            1949          128            195              229 
LARGEMOUTH BASS          189       0.03          1         0.02          1200            2421            3032            4              9               12 
HYBRID BASS              140       0.02         36         1.04           485             863            1052          111            204              250 
LONGNOSE GAR             101       0.02          2         0.05           423            1153            1519            9             28               37 
CHAIN PICKEREL            67       0.01          0         0.00           268             550             691            0              0                1 
WHITE CRAPPIE             67       0.01          5         0.15           351             717             901           28             58               73 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR       NUMBER       STAND. ERROR    STAND. ERROR      MASS(KG) 
 
    1183           2304            2864           57            101              122              4468            8669           10770            297 
     894           1432            1702           27             54               68              4094            6508            7715            120 
     182            314             380           22             35               42              1397            2258            2689            191 
     343            674             839            1              3                3              1465            2961            3709              6 
      76            127             152           20             37               45               719            1214            1462            183 
     116            315             415            3             10               13               786            2152            2835             12 
      73            150             188            0              0                0               507            1027            1288              0 
      61            128             161            6             12               16               410             837            1051             33 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
STAND. ERROR    STAND. ERROR     NUMBER      STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR 
 
      528             644           5030           9719           12064          374            665              810 
      241             302           4912           7803            9249          142            287              359 
      285             332           2026           3226            3827          289            425              493 
       15              19           1656           3368            4224            7             18               24 
      328             400           1097           1824            2188          281            494              600 
       34              46            993           2723            3588           14             40               53 
        1               1            643           1300            1628            0              1                1 
       68              86            559           1135            1424           44             91              114 







 
  -18 


Table 1-3.  (Continued) 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3 
                     EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR    STAND. ERROR 
 
WARMOUTH                  66       0.01          2         0.07           308             621             777           11             22               28 
GOLDEN SHINER             64       0.01          0         0.01           228             670             890            1              3                3 
BROWN BULLHEAD            35       0.01          1         0.04           210             492             633            6             17               22 
TESSELATED DARTR          35       0.01          0         0.01           199             643             865            2              6                8 
BLACK BULLHEAD            22       0.00          1         0.04           138             376             495            8             22               30 
WHITEFIN SHINER           21       0.00          0         0.01           107             524             733            1              4                6 
SPOTTED BASS              20       0.00          0         0.01           135             356             466            1              4                6 
GREEN SUNFISH             18       0.00          1         0.02            79             292             399            2              8               11 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR       NUMBER       STAND. ERROR    STAND. ERROR       MASS(KG) 
 
      63            133             168            2              4                5               439             869            1084             14 
      57            168             224            0              1                1               390            1135            1507              1 
      59            139             179            1              4                5               263             620             799              9 
      60            190             255            1              2                2               256             839            1131              2 
      45            121             159            2              4                6               150             410             540              9 
      20             99             139            0              1                1               147             710             992              1 
      52            133             174            0              1                2               145             387             508              2 
      11             39              53            0              2                2               102             378             516              4 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
STAND. ERROR    STAND. ERROR      NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR 
 
       29              37            576           1130            1407           19             40               51 
        4               5            527           1516            2010            2              5                7 
       28              37            316            750             968           12             37               49 
        8              11            286            942            1271            3              9               12 
       25              33            174            477             629           11             33               44 
        6               8            184            886            1237            2              7               10 
        8              10            157            421             553            3             10               13 
       15              20            145            539             737            6             23               32 
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Table 1-3. (Continued) 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3 
                     EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR    STAND. ERROR 
 
REDBREAST                 15       0.00          0         0.01            88             228             297            2              6                8 
REDEAR                    14       0.00          1         0.04            80             409             574           11             56               78 
SILVER REDHORSE           13       0.00          1         0.04            88             438             613            7             35               49 
FLATHEAD CATFISH           8       0.00          2         0.05            55             169             226           11             40               54 
WHITE BASS                 7       0.00          1         0.04            35             126             172            5             17               24 
YELLOW BULLHEAD            6       0.00          0         0.01            29             153             215            1              6                9 
BLACKBANDED DARTR          3       0.00          0         0.00            15             132             191            0              0                0 
CREEK CHUB                 3       0.00          0         0.00             9              78             113            0              0                0 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)    STAND. ERROR      STAND. ERROR       NUMBER       STAND. ERROR    STAND. ERROR      MASS(KG) 
 
      21             55              72            1              1                2               111             291             381              3 
      22            115             161            4             21               29                98             502             703             13 
      11             56              78            1              3                5                93             466             653              8 
      20             59              79            4             16               22                61             188             251             11 
      10             37              51            1              5                7                50             180             244              8 
       6             32              45            0              1                1                35             185             260              1 
       1             13              19            0              0                0                16             141             204              0 
       2             17              24            0              0                0                17             151             219              0 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
STAND. ERROR    STAND. ERROR       NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR 
 
        8              11            133            349             457            4             10               13 
       63              88            113            581             814           14             71               99 
       38              53            119            597             836           11             53               74 
       41              56             66            202             270           12             44               60 
       29              39             60            215             292           11             40               55 
        7              10             41            216             304            2             10               13 
        0               0             22            199             288            0              0                0 
        0               0             27            244             352            0              0                0 
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Table 1-3.  (Continued) 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3 
                     EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)    STAND. ERRORS    STAND. 
ERRORS 
 
NORTHERN HOGSUCKR          3       0.00          0         0.00            11              55              76            0              0                0 
RIVER CHUB                 3       0.00          0         0.00            17             151             218            0              0                0 
STRIPED KILLIFISH          3       0.00          0         0.00            15             135             195            0              0                0 
FLIER                      2       0.00          0         0.00            16             148             214            0              0                0 
                    --------    -------    --------    -------    ------------    ------------    ------------    ---------    -------------    ------------- 
                      577686      99.96       3442       100.08       3853317         5461721         6265925        17673          29733            35766 
 
 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)    STAND. ERRORS    STAND. ERRORS       NUMBER          STAND.          STAND.         MASS(KG) 
 
       3             15              20            0              0                0                21             106             148              0 
       2             15              21            0              0                0                18             161             233              0 
       1             13              19            0              0                0                16             145             209              0 
       4             39              56            0              0                0                21             188             272              0 
---------    ------------    ------------    ---------    -------------    -------------    ------------    ------------    ------------    ------------ 
 1070960        1485856         1693305         3682           5764             6803           4548880         6441027         7387104          22249 
 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
  STAND. ER       STAND. ER       NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)    STAND. ERRORS    STAND. ERRORS 
 
        0               0             27            135             189            0              0                0 
        0               0             25            227             328            0              0                0 
        0               0             23            204             294            0              0                0 
        0               0             23            203             293            0              0                0 
------------    ------------    ---------    ------------    ------------    ---------    -------------    ------------- 
    36817           44098        5204911        7441106         8559210        29026          48404            58091 
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Table 1-4.  (Continued).  Summaries of numbers and biomasses for fish greater than or equal to 1.5-inches long based on Phase III netting months, estimated Phase III totals, projected wet 
water year (25% exceedance), projected average water year (50% exceedance), and projected dry water year (75% exceedance) for all species recovered during Phase III sampling. Note 
that shifts in relative abundance may occur between species. These shifts occur because the numbers of hours of pumpback operation is not constant and changes substantially across Phase 
III sampling and different water years.  All projections include 2 & 3 standard deviations of the mean.  Data adjusted for passage survival. 
 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3  
                       EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL 
MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR    STAND. ERROR 
 
THREADFIN SHAD        484648      90.87        826       35.49        3406181         4629135         5240613         5619           7575             8553 
BLUEBACK HERRING       34038       6.38        783       33.65         192479          386054          482842         4403           8960            11238 
WHITE PERCH             6917       1.30        446       19.15          26459           39084           45397         1594           2397             2799 
BLACK CRAPPIE           3843       0.72        143        6.13          20105           35094           42588          765           1298             1565 
BLUEGILL                1222       0.23         16        0.70           7113           10343           11958          101            146              169 
YELLOW PERCH             687       0.13         13        0.54           2961            4795            5713           54             85              101 
GIZZARD SHAD             575       0.11         37        1.58           3779            7313            9080          197            346              420 
SPOTTAIL SHINER          447       0.08          4        0.17           1734            2857            3419           15             26               32 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR       NUMBER       STAND. ERROR    STAND. ERROR      MASS(KG) 
 
  993025        1348895         1526830         1631           2195             2477           3976658         5402627         6115611           6608 
   33727          63325           78123          757           1424             1758            227763          450350          561644           5247 
    4729           6835            7887          276            407              472             38049           55674           64487           2362 
    3505           5661            6739          142            223              263             24914           42413           51163            939 
    1917           2762            3185           28             40               47              9102           13463           15644            124 
     707           1133            1345           13             20               24              4548            7198            8523             84 
    1163           2265            2816           53             92              111              4331            8406           10443            259 
     402            670             803            3              6                7              2915            4800            5743             26 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
STAND. ERROR    STAND. ERROR      NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR 
 
     8914           10066        4426610        6029906         6831554         7422          10056            11373 
    10531           13173         294110         587621          734376         6771          13760            17254 
     3491            4056          54939          79983           92504         3494           5123             5937 
     1559            1870          33154          56789           68606         1233           2064             2479 
      181             209          10858          16159           18809          145            214              248 
      129             151           5953           9362           11066          110            168              197 
      457             557           4839           9357           11616          318            562              685 
       44              54           3942           6471            7736           35             60               73 
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Table 1-4.  (Continued). 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3 
                     EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR    STAND. ERROR 
 
CHANNEL CATFISH          246       0.05         10        0.43           1651            2289            2608           69            100              116 
LARGEMOUTH BASS          143       0.03          1        0.02            916            1839            2301            3              6                8 
STRIPED BASS             131       0.02         18        0.78            556             930            1117           68            108              127 
WHITE CATFISH             95       0.02          3        0.13            623            1001            1189           19             39               48 
HYBRID BASS               68       0.01         17        0.73            245             445             546           55            104              128 
CHAIN PICKEREL            47       0.01          0        0.00            188             380             476            0              0                0 
WHITE CRAPPIE             38       0.01          3        0.15            202             420             529           19             40               50 
WARMOUTH                  36       0.01          2        0.07            182             398             506            7             17               22 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR       NUMBER       STAND. ERROR    STAND. ERROR      MASS(KG) 
 
     435            600             682           18             26               30              1818            2523            2875             77 
     261            509             633            1              2                2              1100            2209            2764              4 
     105            188             229           12             20               24               748            1239            1485             97 
     196            316             376            6             12               15               680            1093            1299             22 
      37             64              77           10             18               22               354             610             738             89 
      51            103             129            0              0                0               359             722             903              0 
      42             88             111            4              9               12               240             498             627             22 
      39             88             112            1              3                4               250             531             671              9 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
STAND. ERROR    STAND. ERROR      NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR 
 
      112             130           2123           2954            3370           89            131              152 
        9              12           1237           2501            3134            5             11               14 
      150             176           1055           1718            2049          144            218              255 
       43              54            762           1223            1454           24             48               60 
      163             199            535            907            1093          135            242              296 
        1               1            457            917            1147            0              1                1 
       47              60            321            660             830           29             61               77 
       22              28            322            677             855           13             29               38 
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Table 1-4.  (Continued). 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3 
                     EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR    STAND. ERROR 
 
GOLDEN SHINER             26       0.00          0        0.00            101             303             404            0              1                1 
SPOTTED BASS              16       0.00          0        0.01            110             288             378            1              2                3 
TESSELATED DARTER         15       0.00          0        0.01             81             262             352            1              3                3 
REDEAR                    11       0.00          1        0.05             60             309             433            9             46               65 
SILVER REDHORSE           10       0.00          1        0.03             70             350             490            4             18               25 
WHITEFIN SHINER           10       0.00          0        0.00             45             216             302            0              2                3 
REDBREAST                  9       0.00          0        0.01             56             144             189            1              4                5 
GREEN SUNFISH              8       0.00          1        0.03             31             114             156            2              6                8 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR       NUMBER       STAND. ERROR    STAND. ERROR      MASS(KG) 
 
      27             79             106            0              0                0               180             535             712              0 
      42            108             142            0              1                1               117             311             408              1 
      24             77             104            0              1                1               110             364             491              1 
      18             93             131            3             17               24                75             385             540             10 
       9             45              63            0              2                2                74             372             521              4 
      10             46              65            0              0                1                71             333             464              1 
      15             39              51            0              1                1                69             182             238              2 
       5             18              24            0              1                2                44             166             226              3 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
STAND. ERROR    STAND. ERROR      NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR 
 
        1               2            233            688             916            1              2                2 
        4               6            126            337             443            2              5                7 
        4               5            126            420             567            1              4                6 
       52              73             85            436             611           12             58               81 
       19              27             95            476             666            5             27               38 
        3               4             89            419             584            1              4                5 
        5               6             79            208             273            2              5                7 
       11              16             65            243             332            5             18               25 







 
  -24 


Table 1-4.  (Continued). 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3 
                     EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR    STAND. ERROR 
 
BROWN BULLHEAD             6       0.00          0        0.00             46             105             134            1              2                2 
LONGNOSE GAR               6       0.00          0        0.02             30              81             106            2              6                9 
BLACK BULLHEAD             5       0.00          0        0.01             34              91             120            1              3                4 
WHITE BASS                 5       0.00          1        0.03             26              91             124            3             10               14 
BLACKBANDED DARTER         3       0.00          0        0.00             15             132             191            0              0                0 
CREEK CHUB                 3       0.00          0        0.00              9              78             113            0              0                0 
RIVER CHUB                 3       0.00          0        0.00             17             151             218            0              0                0 
STRIPED KILLIFISH          3       0.00          0        0.00             15             135             195            0              0                0 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR       NUMBER       STAND. ERROR    STAND. ERROR      MASS(KG) 
 
      14             32              42            0              0                1                52             120             153              1 
       9             23              31            1              2                3                50             133             175              2 
      12             32              42            0              1                1                36              96             127              1 
       8             27              37            1              3                4                35             123             168              4 
       1             13              19            0              0                0                16             141             204              0 
       2             17              24            0              0                0                17             151             219              0 
       2             15              21            0              0                0                18             161             233              0 
       1             13              19            0              0                0                16             145             209              0 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
STAND. ERROR    STAND. ERROR      NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR 
 
        2               3             57            132             169            1              3                4 
        7               9             61            164             215            3              8               10 
        3               4             39            106             140            1              4                5 
       16              22             40            144             196            6             22               29 
        0               0             22            199             288            0              0                0 
        0               0             27            244             352            0              0                0 
        0               0             25            227             328            0              0                0 
        0               0             23            204             294            0              0                0 
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Table 1-4.  (Concluded). 
 
                                                                                      PHASE 3         PHASE 3                      PHASE 3          PHASE 3 
                     EXPANDED    PERCENT    EXPANDED    PERCENT                    TOTAL NUMBER    TOTAL NUMBER    PHASE III      TOTAL MASS       TOTAL MASS 
                      NUMBER        BY      MASS(KG)       BY         PHASE 3         PLUS 2          PLUS 3         TOTAL          PLUS 2           PLUS 3 
NAME                  NETTED      NUMBER     NETTED       MASS     TOTAL NUMBER    STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR    STAND. ERROR 
 
FLATHEAD CATFISH           2       0.00          1        0.02             16              47              63            3             11               16 
FLIER                      2       0.00          0        0.00             16             148             214            0              0                0 
NORTHERN HOGSUCKER         2       0.00          0        0.00              8              39              55            0              0                0 
YELLOW BULLHEAD            1       0.00          0        0.00              6              31              44            0              1                1 
                    --------    -------    --------    -------    ------------    ------------    ------------    ---------    -------------    ------------- 
                      533327      99.98       2327       99.94        3666166         5125492         5855163        13016          21362            25535 
 
 
               WET YEAR        WET YEAR                      WET YEAR         WET YEAR                      AVERAGE YEAR    AVERAGE YEAR 
PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS       PROJECTED     TOTAL NUMBER    TOTAL NUMBER      PROJECTED 
 WET YEAR       PLUS 2          PLUS 3        WET YEAR        PLUS 3           PLUS 3       AVERAGE YEAR       PLUS 2          PLUS 3       AVERAGE YEAR 
  NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR       NUMBER       STAND. ERROR    STAND. ERROR      MASS(KG) 
 
       6             17              22            1              4                6                17              53              70              3 
       4             39              56            0              0                0                21             188             272              0 
       2             11              15            0              0                0                15              76             107              0 
       1              8              11            0              0                0                 7              39              55              0 
---------    ------------    ------------    ---------    -------------    -------------    ------------    ------------    ------------    ------------ 
 1040553        1434254         1631102         2961           4530             5315           4294869         5998430         6850212          16002 
 
 
AVERAGE YEAR    AVERAGE YEAR                   DRY YEAR        DRY YEAR                      DRY YEAR         DRY YEAR 
 TOTAL MASS      TOTAL MASS     PROJECTED    TOTAL NUMBER    TOTAL NUMBER    PROJECTED      TOTAL MASS       TOTAL MASS 
   PLUS 3          PLUS 3        DRY YEAR       PLUS 2          PLUS 3        DRY YEAR        PLUS 3           PLUS 3 
STAND. ERROR    STAND. ERROR      NUMBER     STAND. ERROR    STAND. ERROR     MASS(KG)     STAND. ERROR     STAND. ERROR 
 
       12              16             18             57              76            3             13               17 
        0               0             23            203             293            0              0                0 
        0               0             19             97             136            0              0                0 
        1               1              8             43              60            0              1                1 
------------    ------------    ---------    ------------    ------------    ---------    -------------    ------------- 
    25993           30990        4842477        6812252         7797138        20010          32922            39376 
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Table 1-5.  (Continued).  Comparison of mean monthly species entrainment rates (number/hour) for pumpback units.  Rates for units 6,7,& 8 are doubled to expand for 
unsampled bay sampling rate of 0.0 indicates no members of that species were collected for that unit.  Data have not been corrected for turbine passage survival. 
 
MONTH=APRIL 
                                UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  ENTRAIN 
                     UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER MEAN RATE 
                    ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS ALL UNITS 
COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED   (#/HR) 
 
THREADFIN SHAD        696.12    16.25      4        286.91    16.00      5        320.09    18.17       5       347.13    16.00       4      412.56 
WHITE PERCH           130.89    16.25      4         93.66    16.00      5        144.69    18.17       5        78.66    16.00       4      111.97 
BLUEBACK HERRING      113.42    16.25      4         15.00    16.00      5         36.38    18.17       5        26.53    16.00       4       47.83 
BLACK CRAPPIE          10.39    16.25      4         25.19    16.00      5         25.52    18.17       5        14.27    16.00       4       18.84 
YELLOW PERCH           40.78    16.25      4         10.00    16.00      5         11.13    18.17       5         6.28    16.00       4       17.05 
SPOTTAIL SHINER        35.60    16.25      4          4.74    16.00      5          3.09    18.17       5         8.55    16.00       4       13.00 
CHANNEL CATFISH        13.21    16.25      4         10.59    16.00      5         15.42    18.17       5         9.78    16.00       4       12.25 
STRIPED BASS            2.30    16.25      4          3.82    16.00      5          2.18    18.17       5         0.53    16.00       4        2.21 
BLUEGILL                3.15    16.25      4          2.19    16.00      5          2.50    18.17       5         0.93    16.00       4        2.19 
HYBRID BASS             1.65    16.25      4          1.71    16.00      5          1.00    18.17       5         1.37    16.00       4        1.43 
GIZZARD SHAD            1.04    16.25      4          0.40    16.00      5          0.20    18.17       5         0.38    16.00       4        0.50 
WHITE CATFISH           0.32    16.25      4          0.37    16.00      5          0.56    18.17       5         0.46    16.00       4        0.43 
GOLDEN SHINER           0.00    16.25      4          0.00    16.00      5          1.32    18.17       5         0.32    16.00       4        0.41 
WHITE CRAPPIE           0.65    16.25      4          0.27    16.00      5          0.00    18.17       5         0.00    16.00       4        0.23 
WARMOUTH                0.07    16.25      4          0.00    16.00      5          0.37    18.17       5         0.15    16.00       4        0.15 
BROWN BULLHEAD          0.21    16.25      4          0.00    16.00      5          0.34    18.17       5         0.00    16.00       4        0.14 
GREEN SUNFISH           0.00    16.25      4          0.27    16.00      5          0.00    18.17       5         0.00     0.00       0        0.07 
CREEK CHUB              0.00     0.00      0          0.22    16.00      5          0.00     0.00       0         0.00     0.00       0        0.05 
BLACK BULLHEAD          0.00    16.25      4          0.00    16.00      5          0.00    18.17       5         0.14    16.00       4        0.03 
WHITE BASS              0.06    16.25      4          0.00     0.00      0          0.00    18.17       5         0.00    16.00       4        0.02 
BLACKBANDED DARTER      0.00    16.25      4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
BLUE CATFISH            0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
CARP                    0.00    16.25      4          0.00     0.00      0          0.00    18.17       5         0.00     0.00       0        0.00 
CHAIN PICKEREL          0.00    16.25      4          0.00    16.00      5          0.00    18.17       5         0.00    16.00       4        0.00 
COOSA BASS              0.00    16.25      4          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
FLATHEAD CATFISH        0.00    16.25      4          0.00     0.00      0          0.00    18.17       5         0.00    16.00       4        0.00 
FLIER                   0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
LARGEMOUTH BASS         0.00    16.25      4          0.00    16.00      5          0.00    18.17       5         0.00    16.00       4        0.00 
LONGNOSE GAR            0.00    16.25      4          0.00    16.00      5          0.00    18.17       5         0.00    16.00       4        0.00 
MARGINED MADTOM         0.00    16.25      4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
NORTHERN HOGSUCKER      0.00    16.25      4          0.00     0.00      0          0.00    18.17       5         0.00     0.00       0        0.00 
PUMPKINSEED             0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
REDBREAST               0.00    16.25      4          0.00    16.00      5          0.00    18.17       5         0.00    16.00       4        0.00 
REDBREAST SUNFISH       0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
REDEAR                  0.00    16.25      4          0.00     0.00      0          0.00    18.17       5         0.00     0.00       0        0.00 
RIVER CARPSUCKER        0.00    16.25      4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
RIVER CHUB              0.00     0.00      0          0.00    16.00      5          0.00     0.00       0         0.00     0.00       0        0.00 
SILVER REDHORSE         0.00    16.25      4          0.00     0.00      0          0.00    18.17       5         0.00     0.00       0        0.00 
SPOTTED BASS            0.00    16.25      4          0.00     0.00      0          0.00    18.17       5         0.00    16.00       4        0.00 
STRIPED KILLIFISH       0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
TESSELATED DARTER       0.00    16.25      4          0.00     0.00      0          0.00    18.17       5         0.00    16.00       4        0.00 
WHITEFIN SHINER         0.00    16.25      4          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
YELLOW BULLHEAD         0.00    16.25      4          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
                  -----------                   -----------                   -----------                   -----------                   --------- 
     SUM             1049.85                        455.34                        564.78                        495.46                       641.36 
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Table 1-5.  (Continued). 
 
MONTH=MAY 
                                UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  ENTRAIN 
                     UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER MEAN RATE 
                    ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS ALL UNITS 
COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED   (#/HR) 
 
BLUEBACK HERRING      120.29    17.58      4        632.38    16.00      4       1077.94    16.37       4        11.15    17.00       4      460.44 
BLACK CRAPPIE          51.92    17.58      4        172.67    16.00      4         37.45    16.37       4        43.36    17.00       4       76.35 
WHITE PERCH           101.73    17.58      4         37.35    16.00      4         65.23    16.37       4        38.12    17.00       4       60.61 
THREADFIN SHAD        167.98    17.58      4          9.28    16.00      4          6.00    16.37       4        13.82    17.00       4       49.27 
CHANNEL CATFISH        25.43    17.58      4          7.02    16.00      4          9.02    16.37       4         4.72    17.00       4       11.55 
BLUEGILL               15.08    17.58      4          4.07    16.00      4          4.25    16.37       4         6.46    17.00       4        7.47 
YELLOW PERCH            8.71    17.58      4         12.53    16.00      4          3.94    16.37       4         2.98    17.00       4        7.04 
SPOTTAIL SHINER         6.73    17.58      4          3.02    16.00      4          6.46    16.37       4         1.05    17.00       4        4.31 
STRIPED BASS            1.15    17.58      4          0.96    16.00      4          1.47    16.37       4         0.87    17.00       4        1.11 
WHITE CRAPPIE           0.13    17.58      4          0.00    16.00      4          1.32    16.37       4         1.03    17.00       4        0.62 
HYBRID BASS             0.25    17.58      4          0.42    16.00      4          0.65    16.37       4         1.10    17.00       4        0.60 
WHITE CATFISH           0.10    17.58      4          0.44    16.00      4          1.17    16.37       4         0.26    17.00       4        0.49 
WARMOUTH                0.32    17.58      4          0.15    16.00      4          0.15    16.37       4         0.58    17.00       4        0.30 
GREEN SUNFISH           0.65    17.58      4          0.00    16.00      4          0.00    16.37       4         0.00     0.00       0        0.16 
GIZZARD SHAD            0.05    17.58      4          0.29    16.00      4          0.00    16.37       4         0.17    17.00       4        0.13 
REDBREAST               0.13    17.58      4          0.15    16.00      4          0.00    16.37       4         0.00    17.00       4        0.07 
RIVER CHUB              0.00     0.00      0          0.18    16.00      4          0.00     0.00       0         0.00     0.00       0        0.05 
STRIPED KILLIFISH       0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.17    17.00       4        0.04 
BLACKBANDED DARTER      0.16    17.58      4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.04 
REDEAR                  0.00    17.58      4          0.00     0.00      0          0.14    16.37       4         0.00     0.00       0        0.04 
BLACK BULLHEAD          0.11    17.58      4          0.00    16.00      4          0.00    16.37       4         0.00    17.00       4        0.03 
YELLOW BULLHEAD         0.11    17.58      4          0.00     0.00      0          0.00     0.00       0         0.00    17.00       4        0.03 
SILVER REDHORSE         0.06    17.58      4          0.00     0.00      0          0.00    16.37       4         0.00     0.00       0        0.02 
BLUE CATFISH            0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    17.00       4        0.00 
BROWN BULLHEAD          0.00    17.58      4          0.00    16.00      4          0.00    16.37       4         0.00    17.00       4        0.00 
CARP                    0.00    17.58      4          0.00     0.00      0          0.00    16.37       4         0.00     0.00       0        0.00 
CHAIN PICKEREL          0.00    17.58      4          0.00    16.00      4          0.00    16.37       4         0.00    17.00       4        0.00 
COOSA BASS              0.00    17.58      4          0.00     0.00      0          0.00     0.00       0         0.00    17.00       4        0.00 
CREEK CHUB              0.00     0.00      0          0.00    16.00      4          0.00     0.00       0         0.00     0.00       0        0.00 
FLATHEAD CATFISH        0.00    17.58      4          0.00     0.00      0          0.00    16.37       4         0.00    17.00       4        0.00 
FLIER                   0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    17.00       4        0.00 
GOLDEN SHINER           0.00    17.58      4          0.00    16.00      4          0.00    16.37       4         0.00    17.00       4        0.00 
LARGEMOUTH BASS         0.00    17.58      4          0.00    16.00      4          0.00    16.37       4         0.00    17.00       4        0.00 
LONGNOSE GAR            0.00    17.58      4          0.00    16.00      4          0.00    16.37       4         0.00    17.00       4        0.00 
MARGINED MADTOM         0.00    17.58      4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
NORTHERN HOGSUCKER      0.00    17.58      4          0.00     0.00      0          0.00    16.37       4         0.00     0.00       0        0.00 
PUMPKINSEED             0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    17.00       4        0.00 
REDBREAST SUNFISH       0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    17.00       4        0.00 
RIVER CARPSUCKER        0.00    17.58      4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
SPOTTED BASS            0.00    17.58      4          0.00     0.00      0          0.00    16.37       4         0.00    17.00       4        0.00 
TESSELATED DARTER       0.00    17.58      4          0.00     0.00      0          0.00    16.37       4         0.00    17.00       4        0.00 
WHITE BASS              0.00    17.58      4          0.00     0.00      0          0.00    16.37       4         0.00    17.00       4        0.00 
WHITEFIN SHINER         0.00    17.58      4          0.00     0.00      0          0.00     0.00       0         0.00    17.00       4        0.00 
                  -----------                   -----------                   -----------                   -----------                   --------- 
     SUM              501.08                        880.93                       1215.20                        125.82                       680.76 
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Table 1-5.  (Continued). 
  
MONTH=JUNE 
                                UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  ENTRAIN 
                     UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER MEAN RATE 
                    ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS ALL UNITS 
COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED   (#/HR) 
 
THREADFIN SHAD        258.37    17.50      4         17.58    16.00      4         92.95    16.00       4       134.31    16.00       4      125.80 
BLUEBACK HERRING       60.97    17.50      4         47.12    16.00      4         71.89    16.00       4        24.58    16.00       4       51.14 
WHITE PERCH            36.49    17.50      4          7.13    16.00      4          9.09    16.00       4        12.34    16.00       4       16.26 
BLACK CRAPPIE          10.84    17.50      4         21.47    16.00      4         11.01    16.00       4        17.32    16.00       4       15.16 
BLUEGILL               27.08    17.50      4          7.13    16.00      4          6.27    16.00       4         4.75    16.00       4       11.30 
YELLOW PERCH           10.79    17.50      4          2.66    16.00      4          3.13    16.00       4         4.55    16.00       4        5.28 
SPOTTAIL SHINER         3.86    17.50      4          3.13    16.00      4          2.38    16.00       4         8.46    16.00       4        4.46 
LONGNOSE GAR            0.05    17.50      4          0.33    16.00      4          0.33    16.00       4         5.25    16.00       4        1.49 
CHANNEL CATFISH         1.92    17.50      4          0.83    16.00      4          0.99    16.00       4         2.05    16.00       4        1.45 
CHAIN PICKEREL          0.62    17.50      4          0.91    16.00      4          0.43    16.00       4         1.98    16.00       4        0.98 
WHITE CATFISH           0.52    17.50      4          0.62    16.00      4          0.14    16.00       4         0.79    16.00       4        0.51 
LARGEMOUTH BASS         0.42    17.50      4          0.43    16.00      4          0.00    16.00       4         0.86    16.00       4        0.43 
WARMOUTH                0.88    17.50      4          0.00    16.00      4          0.30    16.00       4         0.32    16.00       4        0.37 
GOLDEN SHINER           0.00    17.50      4          0.00    16.00      4          0.00    16.00       4         1.47    16.00       4        0.37 
GIZZARD SHAD            1.32    17.50      4          0.00    16.00      4          0.13    16.00       4         0.00    16.00       4        0.36 
WHITEFIN SHINER         0.54    17.50      4          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.14 
TESSELATED DARTER       0.00    17.50      4          0.00     0.00      0          0.43    16.00       4         0.00    16.00       4        0.11 
REDBREAST               0.19    17.50      4          0.00    16.00      4          0.00    16.00       4         0.00    16.00       4        0.05 
NORTHERN HOGSUCKER      0.00    17.50      4          0.00     0.00      0          0.17    16.00       4         0.00     0.00       0        0.04 
GREEN SUNFISH           0.00    17.50      4          0.15    16.00      4          0.00    16.00       4         0.00     0.00       0        0.04 
REDEAR                  0.00    17.50      4          0.00     0.00      0          0.14    16.00       4         0.00     0.00       0        0.04 
WHITE BASS              0.00    17.50      4          0.00     0.00      0          0.00    16.00       4         0.14    16.00       4        0.03 
BROWN BULLHEAD          0.00    17.50      4          0.00    16.00      4          0.14    16.00       4         0.00    16.00       4        0.03 
HYBRID BASS             0.06    17.50      4          0.00    16.00      4          0.00    16.00       4         0.00    16.00       4        0.02 
STRIPED BASS            0.06    17.50      4          0.00    16.00      4          0.00    16.00       4         0.00    16.00       4        0.02 
SPOTTED BASS            0.05    17.50      4          0.00     0.00      0          0.00    16.00       4         0.00    16.00       4        0.01 
BLACK BULLHEAD          0.00    17.50      4          0.00    16.00      4          0.00    16.00       4         0.00    16.00       4        0.00 
BLACKBANDED DARTER      0.00    17.50      4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
BLUE CATFISH            0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
CARP                    0.00    17.50      4          0.00     0.00      0          0.00    16.00       4         0.00     0.00       0        0.00 
COOSA BASS              0.00    17.50      4          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
CREEK CHUB              0.00     0.00      0          0.00    16.00      4          0.00     0.00       0         0.00     0.00       0        0.00 
FLATHEAD CATFISH        0.00    17.50      4          0.00     0.00      0          0.00    16.00       4         0.00    16.00       4        0.00 
FLIER                   0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
MARGINED MADTOM         0.00    17.50      4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
PUMPKINSEED             0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
REDBREAST SUNFISH       0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
RIVER CARPSUCKER        0.00    17.50      4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
RIVER CHUB              0.00     0.00      0          0.00    16.00      4          0.00     0.00       0         0.00     0.00       0        0.00 
SILVER REDHORSE         0.00    17.50      4          0.00     0.00      0          0.00    16.00       4         0.00     0.00       0        0.00 
STRIPED KILLIFISH       0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
WHITE CRAPPIE           0.00    17.50      4          0.00    16.00      4          0.00    16.00       4         0.00    16.00       4        0.00 
YELLOW BULLHEAD         0.00    17.50      4          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
                  -----------                   -----------                   -----------                   -----------                   --------- 
     SUM              415.03                        109.49                        199.90                        219.16                       235.89 
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Table 1-5.  (Continued). 
   
MONTH=JULY 
                                UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  ENTRAIN 
                     UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER MEAN RATE 
                    ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS ALL UNITS 
COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED   (#/HR) 
 
THREADFIN SHAD       1080.00    25.25      4       1257.45    16.00      4       1293.28    16.00       4      1243.01    16.00       4     1218.44 
BLUEBACK HERRING       39.49    25.25      4         16.80    16.00      4         23.97    16.00       4        14.49    16.00       4       23.69 
BLUEGILL                6.63    25.25      4          2.87    16.00      4          5.06    16.00       4         3.07    16.00       4        4.41 
BLACK CRAPPIE           2.19    25.25      4          1.17    16.00      4          4.33    16.00       4         8.37    16.00       4        4.02 
GIZZARD SHAD            8.18    25.25      4          0.00    16.00      4          5.37    16.00       4         1.01    16.00       4        3.64 
WHITE PERCH             2.26    25.25      4          2.41    16.00      4          2.27    16.00       4         1.81    16.00       4        2.19 
YELLOW PERCH            2.66    25.25      4          0.91    16.00      4          1.59    16.00       4         3.31    16.00       4        2.12 
CHANNEL CATFISH         1.27    25.25      4          0.27    16.00      4          1.28    16.00       4         1.57    16.00       4        1.10 
SPOTTAIL SHINER         0.67    25.25      4          0.14    16.00      4          0.34    16.00       4         1.67    16.00       4        0.70 
LARGEMOUTH BASS         0.11    25.25      4          0.00    16.00      4          0.00    16.00       4         0.74    16.00       4        0.21 
TESSELATED DARTER       0.46    25.25      4          0.00     0.00      0          0.37    16.00       4         0.00    16.00       4        0.21 
WHITE CATFISH           0.10    25.25      4          0.29    16.00      4          0.29    16.00       4         0.14    16.00       4        0.20 
BROWN BULLHEAD          0.00    25.25      4          0.14    16.00      4          0.00    16.00       4         0.15    16.00       4        0.07 
STRIPED BASS            0.00    25.25      4          0.00    16.00      4          0.14    16.00       4         0.13    16.00       4        0.07 
LONGNOSE GAR            0.09    25.25      4          0.00    16.00      4          0.00    16.00       4         0.14    16.00       4        0.06 
REDBREAST               0.08    25.25      4          0.00    16.00      4          0.15    16.00       4         0.00    16.00       4        0.06 
GOLDEN SHINER           0.00    25.25      4          0.00    16.00      4          0.17    16.00       4         0.00    16.00       4        0.04 
BLACK BULLHEAD          0.00    25.25      4          0.00    16.00      4          0.00    16.00       4         0.14    16.00       4        0.03 
CHAIN PICKEREL          0.11    25.25      4          0.00    16.00      4          0.00    16.00       4         0.00    16.00       4        0.03 
REDEAR                  0.08    25.25      4          0.00     0.00      0          0.00    16.00       4         0.00     0.00       0        0.02 
BLACKBANDED DARTER      0.00    25.25      4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
BLUE CATFISH            0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
CARP                    0.00    25.25      4          0.00     0.00      0          0.00    16.00       4         0.00     0.00       0        0.00 
COOSA BASS              0.00    25.25      4          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
CREEK CHUB              0.00     0.00      0          0.00    16.00      4          0.00     0.00       0         0.00     0.00       0        0.00 
FLATHEAD CATFISH        0.00    25.25      4          0.00     0.00      0          0.00    16.00       4         0.00    16.00       4        0.00 
FLIER                   0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
GREEN SUNFISH           0.00    25.25      4          0.00    16.00      4          0.00    16.00       4         0.00     0.00       0        0.00 
HYBRID BASS             0.00    25.25      4          0.00    16.00      4          0.00    16.00       4         0.00    16.00       4        0.00 
MARGINED MADTOM         0.00    25.25      4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
NORTHERN HOGSUCKER      0.00    25.25      4          0.00     0.00      0          0.00    16.00       4         0.00     0.00       0        0.00 
PUMPKINSEED             0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
REDBREAST SUNFISH       0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
RIVER CARPSUCKER        0.00    25.25      4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
RIVER CHUB              0.00     0.00      0          0.00    16.00      4          0.00     0.00       0         0.00     0.00       0        0.00 
SILVER REDHORSE         0.00    25.25      4          0.00     0.00      0          0.00    16.00       4         0.00     0.00       0        0.00 
SPOTTED BASS            0.00    25.25      4          0.00     0.00      0          0.00    16.00       4         0.00    16.00       4        0.00 
STRIPED KILLIFISH       0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
WARMOUTH                0.00    25.25      4          0.00    16.00      4          0.00    16.00       4         0.00    16.00       4        0.00 
WHITE BASS              0.00    25.25      4          0.00     0.00      0          0.00    16.00       4         0.00    16.00       4        0.00 
WHITE CRAPPIE           0.00    25.25      4          0.00    16.00      4          0.00    16.00       4         0.00    16.00       4        0.00 
WHITEFIN SHINER         0.00    25.25      4          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
YELLOW BULLHEAD         0.00    25.25      4          0.00     0.00      0          0.00     0.00       0         0.00    16.00       4        0.00 
                  -----------                   -----------                   -----------                   -----------                   --------- 
     SUM             1144.36                       1282.45                       1338.60                       1279.74                      1261.29 
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Table 1-5.  (Continued). 
 
MONTH=AUGUST 
                                UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  ENTRAIN 
                     UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER MEAN RATE 
                    ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS ALL UNITS 
COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED   (#/HR) 
 
THREADFIN SHAD       1689.85    31.50      5       3550.35    17.75      4       1608.82    20.00       4      2718.20    20.00       4     2391.80 
BLUEBACK HERRING       50.51    31.50      5        169.83    17.75      4         55.63    20.00       4        25.91    20.00       4       75.47 
BLACK CRAPPIE           1.74    31.50      5          3.10    17.75      4          7.90    20.00       4         4.75    20.00       4        4.37 
WHITE PERCH             3.73    31.50      5          4.34    17.75      4          5.11    20.00       4         2.00    20.00       4        3.79 
YELLOW PERCH            1.58    31.50      5          0.75    17.75      4          7.95    20.00       4         0.61    20.00       4        2.72 
BLUEGILL                2.23    31.50      5          1.67    17.75      4          1.43    20.00       4         1.58    20.00       4        1.73 
CHANNEL CATFISH         2.23    31.50      5          2.39    17.75      4          1.46    20.00       4         0.56    20.00       4        1.66 
LARGEMOUTH BASS         0.85    31.50      5          2.10    17.75      4          0.31    20.00       4         0.13    20.00       4        0.85 
WHITE CATFISH           1.39    31.50      5          0.24    17.75      4          0.35    20.00       4         0.71    20.00       4        0.67 
GIZZARD SHAD            0.88    31.50      5          0.13    17.75      4          1.06    20.00       4         0.00    20.00       4        0.52 
SPOTTAIL SHINER         0.30    31.50      5          0.57    17.75      4          0.69    20.00       4         0.41    20.00       4        0.49 
STRIPED BASS            0.05    31.50      5          0.22    17.75      4          0.32    20.00       4         0.00    20.00       4        0.15 
BROWN BULLHEAD          0.10    31.50      5          0.15    17.75      4          0.00    20.00       4         0.14    20.00       4        0.10 
TESSELATED DARTER       0.34    31.50      5          0.00     0.00      0          0.00    20.00       4         0.00    20.00       4        0.09 
WARMOUTH                0.00    31.50      5          0.15    17.75      4          0.12    20.00       4         0.00    20.00       4        0.07 
GOLDEN SHINER           0.22    31.50      5          0.00    17.75      4          0.00    20.00       4         0.00    20.00       4        0.06 
WHITE CRAPPIE           0.09    31.50      5          0.00    17.75      4          0.00    20.00       4         0.11    20.00       4        0.05 
REDEAR                  0.17    31.50      5          0.00     0.00      0          0.00    20.00       4         0.00     0.00       0        0.04 
YELLOW BULLHEAD         0.14    31.50      5          0.00     0.00      0          0.00     0.00       0         0.00    20.00       4        0.04 
FLATHEAD CATFISH        0.00    31.50      5          0.00     0.00      0          0.12    20.00       4         0.00    20.00       4        0.03 
FLIER                   0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.12    20.00       4        0.03 
REDBREAST               0.00    31.50      5          0.00    17.75      4          0.00    20.00       4         0.12    20.00       4        0.03 
WHITE BASS              0.00    31.50      5          0.00     0.00      0          0.11    20.00       4         0.00    20.00       4        0.03 
WHITEFIN SHINER         0.10    31.50      5          0.00     0.00      0          0.00     0.00       0         0.00    20.00       4        0.03 
SPOTTED BASS            0.08    31.50      5          0.00     0.00      0          0.00    20.00       4         0.00    20.00       4        0.02 
BLACK BULLHEAD          0.00    31.50      5          0.00    17.75      4          0.00    20.00       4         0.00    20.00       4        0.00 
BLACKBANDED DARTER      0.00    31.50      5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
BLUE CATFISH            0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    20.00       4        0.00 
CARP                    0.00    31.50      5          0.00     0.00      0          0.00    20.00       4         0.00     0.00       0        0.00 
CHAIN PICKEREL          0.00    31.50      5          0.00    17.75      4          0.00    20.00       4         0.00    20.00       4        0.00 
COOSA BASS              0.00    31.50      5          0.00     0.00      0          0.00     0.00       0         0.00    20.00       4        0.00 
CREEK CHUB              0.00     0.00      0          0.00    17.75      4          0.00     0.00       0         0.00     0.00       0        0.00 
GREEN SUNFISH           0.00    31.50      5          0.00    17.75      4          0.00    20.00       4         0.00     0.00       0        0.00 
HYBRID BASS             0.00    31.50      5          0.00    17.75      4          0.00    20.00       4         0.00    20.00       4        0.00 
LONGNOSE GAR            0.00    31.50      5          0.00    17.75      4          0.00    20.00       4         0.00    20.00       4        0.00 
MARGINED MADTOM         0.00    31.50      5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
NORTHERN HOGSUCKER      0.00    31.50      5          0.00     0.00      0          0.00    20.00       4         0.00     0.00       0        0.00 
PUMPKINSEED             0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    20.00       4        0.00 
REDBREAST SUNFISH       0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    20.00       4        0.00 
RIVER CARPSUCKER        0.00    31.50      5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
RIVER CHUB              0.00     0.00      0          0.00    17.75      4          0.00     0.00       0         0.00     0.00       0        0.00 
SILVER REDHORSE         0.00    31.50      5          0.00     0.00      0          0.00    20.00       4         0.00     0.00       0        0.00 
STRIPED KILLIFISH       0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    20.00       4        0.00 
                  -----------                   -----------                   -----------                   -----------                   --------- 
     SUM             1756.60                       3735.99                       1691.37                       2755.34                      2484.82 
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Table 1-5.  (Continued). 
 
MONTH=SEPTEMBER 
                                UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  ENTRAIN 
                     UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER MEAN RATE 
                    ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS ALL UNITS 
COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED   (#/HR) 
 
THREADFIN SHAD       1426.00    28.00      4       1068.28    16.00      4       1363.64    16.00       4      1562.59    17.98       4     1355.13 
BLUEBACK HERRING       15.96    28.00      4          6.53    16.00      4         29.68    16.00       4         4.83    17.98       4       14.25 
CHANNEL CATFISH         5.13    28.00      4          1.29    16.00      4          2.75    16.00       4         3.72    17.98       4        3.22 
BLUEGILL                2.89    28.00      4          0.91    16.00      4          1.79    16.00       4         2.61    17.98       4        2.05 
WHITE CATFISH           4.06    28.00      4          0.63    16.00      4          0.76    16.00       4         2.25    17.98       4        1.93 
WHITE PERCH             1.10    28.00      4          1.64    16.00      4          1.74    16.00       4         2.82    17.98       4        1.83 
BLACK CRAPPIE           1.25    28.00      4          1.13    16.00      4          1.95    16.00       4         1.89    17.98       4        1.55 
GIZZARD SHAD            2.90    28.00      4          1.38    16.00      4          0.30    16.00       4         0.13    17.98       4        1.17 
LARGEMOUTH BASS         0.99    28.00      4          0.00    16.00      4          0.33    16.00       4         0.71    17.98       4        0.51 
YELLOW PERCH            0.66    28.00      4          0.00    16.00      4          0.00    16.00       4         0.44    17.98       4        0.27 
SPOTTED BASS            0.39    28.00      4          0.00     0.00      0          0.35    16.00       4         0.00    17.98       4        0.19 
BLACK BULLHEAD          0.42    28.00      4          0.00    16.00      4          0.00    16.00       4         0.12    17.98       4        0.13 
WHITE CRAPPIE           0.00    28.00      4          0.14    16.00      4          0.14    16.00       4         0.11    17.98       4        0.10 
STRIPED BASS            0.11    28.00      4          0.00    16.00      4          0.13    16.00       4         0.13    17.98       4        0.09 
BROWN BULLHEAD          0.00    28.00      4          0.00    16.00      4          0.32    16.00       4         0.00    17.98       4        0.08 
FLATHEAD CATFISH        0.09    28.00      4          0.00     0.00      0          0.00    16.00       4         0.15    17.98       4        0.06 
WARMOUTH                0.00    28.00      4          0.15    16.00      4          0.00    16.00       4         0.00    17.98       4        0.04 
REDEAR                  0.00    28.00      4          0.00     0.00      0          0.14    16.00       4         0.00     0.00       0        0.03 
WHITE BASS              0.06    28.00      4          0.00     0.00      0          0.00    16.00       4         0.00    17.98       4        0.01 
LONGNOSE GAR            0.04    28.00      4          0.00    16.00      4          0.00    16.00       4         0.00    17.98       4        0.01 
BLACKBANDED DARTER      0.00    28.00      4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
BLUE CATFISH            0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    17.98       4        0.00 
CARP                    0.00    28.00      4          0.00     0.00      0          0.00    16.00       4         0.00     0.00       0        0.00 
CHAIN PICKEREL          0.00    28.00      4          0.00    16.00      4          0.00    16.00       4         0.00    17.98       4        0.00 
COOSA BASS              0.00    28.00      4          0.00     0.00      0          0.00     0.00       0         0.00    17.98       4        0.00 
CREEK CHUB              0.00     0.00      0          0.00    16.00      4          0.00     0.00       0         0.00     0.00       0        0.00 
FLIER                   0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    17.98       4        0.00 
GOLDEN SHINER           0.00    28.00      4          0.00    16.00      4          0.00    16.00       4         0.00    17.98       4        0.00 
GREEN SUNFISH           0.00    28.00      4          0.00    16.00      4          0.00    16.00       4         0.00     0.00       0        0.00 
HYBRID BASS             0.00    28.00      4          0.00    16.00      4          0.00    16.00       4         0.00    17.98       4        0.00 
MARGINED MADTOM         0.00    28.00      4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
NORTHERN HOGSUCKER      0.00    28.00      4          0.00     0.00      0          0.00    16.00       4         0.00     0.00       0        0.00 
PUMPKINSEED             0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    17.98       4        0.00 
REDBREAST               0.00    28.00      4          0.00    16.00      4          0.00    16.00       4         0.00    17.98       4        0.00 
REDBREAST SUNFISH       0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    17.98       4        0.00 
RIVER CARPSUCKER        0.00    28.00      4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
RIVER CHUB              0.00     0.00      0          0.00    16.00      4          0.00     0.00       0         0.00     0.00       0        0.00 
SILVER REDHORSE         0.00    28.00      4          0.00     0.00      0          0.00    16.00       4         0.00     0.00       0        0.00 
SPOTTAIL SHINER         0.00    28.00      4          0.00    16.00      4          0.00    16.00       4         0.00    17.98       4        0.00 
STRIPED KILLIFISH       0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    17.98       4        0.00 
TESSELATED DARTER       0.00    28.00      4          0.00     0.00      0          0.00    16.00       4         0.00    17.98       4        0.00 
WHITEFIN SHINER         0.00    28.00      4          0.00     0.00      0          0.00     0.00       0         0.00    17.98       4        0.00 
YELLOW BULLHEAD         0.00    28.00      4          0.00     0.00      0          0.00     0.00       0         0.00    17.98       4        0.00 
                  -----------                   -----------                   -----------                   -----------                   --------- 
     SUM             1462.04                       1082.07                       1404.03                       1582.50                      1382.66 
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Table 1-5.  (Concluded). 
 
MONTH=OCTOBER 
                                UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  ENTRAIN 
                     UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER MEAN RATE 
                    ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS ALL UNITS 
COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED   (#/HR) 
 
THREADFIN SHAD        542.15    23.00      4        829.43    19.25      4        779.07    20.00       4       887.08    20.00       4      759.43 
CHANNEL CATFISH         8.96    23.00      4          6.17    19.25      4          7.06    20.00       4         5.05    20.00       4        6.81 
BLUEBACK HERRING        3.98    23.00      4          3.07    19.25      4          5.72    20.00       4         1.08    20.00       4        3.46 
WHITE CATFISH           5.68    23.00      4          1.43    19.25      4          0.49    20.00       4         3.51    20.00       4        2.78 
WHITE PERCH             0.57    23.00      4          2.75    19.25      4          1.92    20.00       4         3.51    20.00       4        2.19 
BLUEGILL                2.56    23.00      4          0.31    19.25      4          2.03    20.00       4         1.35    20.00       4        1.56 
BLACK CRAPPIE           0.79    23.00      4          0.29    19.25      4          0.92    20.00       4         1.37    20.00       4        0.84 
GIZZARD SHAD            1.19    23.00      4          0.37    19.25      4          0.38    20.00       4         0.98    20.00       4        0.73 
YELLOW PERCH            0.99    23.00      4          0.12    19.25      4          0.42    20.00       4         0.64    20.00       4        0.54 
LARGEMOUTH BASS         0.88    23.00      4          0.00    19.25      4          0.00    20.00       4         0.38    20.00       4        0.32 
SILVER REDHORSE         0.00    23.00      4          0.00     0.00      0          0.60    20.00       4         0.00     0.00       0        0.15 
SPOTTAIL SHINER         0.00    23.00      4          0.00    19.25      4          0.42    20.00       4         0.14    20.00       4        0.14 
STRIPED BASS            0.11    23.00      4          0.13    19.25      4          0.00    20.00       4         0.21    20.00       4        0.11 
WHITEFIN SHINER         0.00    23.00      4          0.00     0.00      0          0.00     0.00       0         0.42    20.00       4        0.11 
HYBRID BASS             0.00    23.00      4          0.13    19.25      4          0.00    20.00       4         0.10    20.00       4        0.06 
BROWN BULLHEAD          0.00    23.00      4          0.00    19.25      4          0.00    20.00       4         0.23    20.00       4        0.06 
WARMOUTH                0.00    23.00      4          0.00    19.25      4          0.12    20.00       4         0.00    20.00       4        0.03 
BLACK BULLHEAD          0.00    23.00      4          0.00    19.25      4          0.00    20.00       4         0.11    20.00       4        0.03 
GOLDEN SHINER           0.00    23.00      4          0.09    19.25      4          0.00    20.00       4         0.00    20.00       4        0.02 
BLACKBANDED DARTER      0.00    23.00      4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
BLUE CATFISH            0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    20.00       4        0.00 
CARP                    0.00    23.00      4          0.00     0.00      0          0.00    20.00       4         0.00     0.00       0        0.00 
CHAIN PICKEREL          0.00    23.00      4          0.00    19.25      4          0.00    20.00       4         0.00    20.00       4        0.00 
COOSA BASS              0.00    23.00      4          0.00     0.00      0          0.00     0.00       0         0.00    20.00       4        0.00 
CREEK CHUB              0.00     0.00      0          0.00    19.25      4          0.00     0.00       0         0.00     0.00       0        0.00 
FLATHEAD CATFISH        0.00    23.00      4          0.00     0.00      0          0.00    20.00       4         0.00    20.00       4        0.00 
FLIER                   0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    20.00       4        0.00 
GREEN SUNFISH           0.00    23.00      4          0.00    19.25      4          0.00    20.00       4         0.00     0.00       0        0.00 
LONGNOSE GAR            0.00    23.00      4          0.00    19.25      4          0.00    20.00       4         0.00    20.00       4        0.00 
MARGINED MADTOM         0.00    23.00      4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
NORTHERN HOGSUCKER      0.00    23.00      4          0.00     0.00      0          0.00    20.00       4         0.00     0.00       0        0.00 
PUMPKINSEED             0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    20.00       4        0.00 
REDBREAST               0.00    23.00      4          0.00    19.25      4          0.00    20.00       4         0.00    20.00       4        0.00 
REDBREAST SUNFISH       0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    20.00       4        0.00 
REDEAR                  0.00    23.00      4          0.00     0.00      0          0.00    20.00       4         0.00     0.00       0        0.00 
RIVER CARPSUCKER        0.00    23.00      4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        0.00 
RIVER CHUB              0.00     0.00      0          0.00    19.25      4          0.00     0.00       0         0.00     0.00       0        0.00 
SPOTTED BASS            0.00    23.00      4          0.00     0.00      0          0.00    20.00       4         0.00    20.00       4        0.00 
STRIPED KILLIFISH       0.00     0.00      0          0.00     0.00      0          0.00     0.00       0         0.00    20.00       4        0.00 
TESSELATED DARTER       0.00    23.00      4          0.00     0.00      0          0.00    20.00       4         0.00    20.00       4        0.00 
WHITE BASS              0.00    23.00      4          0.00     0.00      0          0.00    20.00       4         0.00    20.00       4        0.00 
WHITE CRAPPIE           0.00    23.00      4          0.00    19.25      4          0.00    20.00       4         0.00    20.00       4        0.00 
YELLOW BULLHEAD         0.00    23.00      4          0.00     0.00      0          0.00     0.00       0         0.00    20.00       4        0.00 
                  -----------                   -----------                   -----------                   -----------                   --------- 
     SUM              567.87                        844.28                        799.14                        906.15                       779.36 
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Table 1-6.  Seasonal patterns of mean entrainment rate (fish/hr) for commonly entrained species.   Data have not been adjusted for passage survival. 
 
Common Name         April         May        June        July       August     September     October 
   
THREADFIN SHAD     412.56       49.27      125.80     1218.44      2391.80       1355.13      759.43 
BLUEBACK HERRING    47.83      460.44       51.14       23.69        75.47         14.25        3.46 
WHITE PERCH        111.97       60.61       16.26        2.19         3.79          1.83        2.19 
BLACK CRAPPIE       18.84       76.35       15.16        4.02         4.37          1.55        0.84 
BLUEGILL             2.19        7.47       11.30        4.41         1.73          2.05        1.56 
YELLOW PERCH        17.05        7.04        5.28        2.12         2.72          1.83        0.54 
GIZZARD SHAD         0.50        0.13        0.36        3.64         0.52          1.17        0.73 
SPOTTAIL SHINER     13.00        4.31        4.46        0.70         0.49          0.00        0.14 
CHANNEL CATFISH     12.25       11.55        1.45        1.10         1.66          3.22        6.81 
LARGEMOUTH BASS      0.00        0.00        0.43        0.21         0.85          0.51        0.32 
STRIPED BASS         2.21        1.11        0.02        0.07         0.15          0.09        0.11 
WHITE CATFISH        0.43        0.49        0.51        0.20         0.67          1.93        2.78 
HYBRID BASS          1.43        0.60        0.02        0.00         0.00          0.00        0.06 
 
 
 


Table 1-7.  Comparison of mean monthly entrainment rates across pumpback units for all species combined calculated as sum of mean monthly species entrainment rates for 
each species.  Data have not been adjusted for turbine passage survival. 
 
              UNIT 5 MEAN      UNIT 6 MEAN      UNIT 7 MEAN      UNIT 8 MEAN     MEAN ENTRAIN 
               ENTRAINMENT      ENTRAINMENT      ENTRAINMENT      ENTRAINMENT      ALL UNITS 
  MONTH      RATE (NUM/HR)    RATE (NUM/HR)    RATE (NUM/HR)    RATE (NUM/HR)      (NUM/HR) 
 
    APRIL        1049.85          455.34           564.78            495.46          641.36 
      MAY         501.08          880.93          1215.20            125.82          680.76 
     JUNE         415.03          109.49           199.90            219.16          235.89 
     JULY        1144.36         1282.45          1338.60           1279.74         1261.29 
   AUGUST        1756.60         3735.99          1691.37           2755.34         2484.82 
SEPTEMBER        1462.04         1082.07          1404.03           1582.50         1382.66 
  OCTOBER         567.87          844.28           799.14            906.15          779.36 
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Table 1-8.  (Continued).   Summaries of numbers and biomass for different fish taxa greater than or equal to 1.5-inches long based on Phase III netting, estimated Phase III 
totals, projected wet water year (25 percent exceedance) for April to October, projected average water year (50 percent exceedance) for April to October,  and projected dry 
water year (75 percent exceedance) for April to October for all species recovered during Phase III sampling corrected for survivorship. Size classes for black crappie and white 
perch are  fingerling <= 4 inch fish, intermediate >4 & <=6, and harvestable >8.    Size classes for striped bass and hybrid bass are fingerling <= 4 inch fish, intermediate >4 & 
<=8, harvestable >8 & <= 14, and desirable > 14 inches.  Round-off errors produce small discrepancies between this table and Table E-6.   
 
 
ALL FISH 
          EXPANDED PERCENT EXPANDED PERCENT PHASE III PHASE III PROJECTED PROJECTED  PROJECTED   PROJECTED   PROJECTED PROJECTED 
FISH SIZE  NUMBER    BY    MASS(KG)   BY      TOTAL    TOTAL    WET YEAR  WET YEAR AVERAGE YEAR AVERAGE YEAR  DRY YEAR  DRY YEAR 
 (INCHES)  NETTED  NUMBER    NETTED  MASS    NUMBER    MASS(KG)  NUMBER    MASS(KG)    NUMBER     MASS(KG)     NUMBER   MASS(KG) 
 
1.5-3.5    477796   89.59     737    31.69   3370205     5123     983264     1490      3931395        5994     4370834     6684 
3.5-5.5     23638    4.43     322    13.85    128636     1734      26794      327       155351        2085      200008     2735 
5.5-8.5     31110    5.83    1089    46.83    164348     5473      29840      993       203783        6924      265442     9177 
 GT_8.5       783    0.15     177     7.61      3023      692        662      154         4390        1005        6260     1420 
         -------- ------- -------- ------- --------- --------- --------- --------- ------------ ------------ --------- --------- 
    SUM    533327  100.00    2327    99.98   3666212    13022    1040560     2964      4294919       16008     4842544    20016 
 
 
WHITE PERCH 
            EXPANDED PERCENT EXPANDED PERCENT PHASE III PHASE III PROJECTED PROJECTED   PROJECTED    PROJECTED  PROJECTED PROJECTED 
FISH SIZE    NUMBER     BY   MASS(KG)    BY     TOTAL     TOTAL    WET YEAR  WET YEAR AVERAGE YEAR AVERAGE YEAR  DRY YEAR  DRY YEAR 
 (INCHES)    NETTED   NUMBER  NETTED    MASS    NUMBER   MASS(KG)   NUMBER   MASS(KG)    NUMBER      MASS(KG)     NUMBER   MASS(KG) 
 
FINGERLING     404     5.85      2      0.42     2706       13        693        3         3130          14        3592        17 
INTERMEDIATE  4008    57.95    186     42.15    14748      685       2514      117        21818        1013       31882      1481 
HARVESTABLE   2504    36.20    257     58.24     9005      897       1522      156        13100        1334       19466      1996 
            -------  ------  ------    ------  ------   ------    -------     ----      -------    ---------    -------   ------- 
     SUM      6916   100.00    445    100.81    26459     1595       4729      276        38048        2361       54940      3494 
 
               
BLACK CRAPPIE 
            EXPANDED PERCENT EXPANDED PERCENT PHASE III PHASE III PROJECTED PROJECTED   PROJECTED   PROJECTED   PROJECTED PROJECTED 
FISH SIZE    NUMBER     BY   MASS(KG)    BY     TOTAL     TOTAL    WET YEAR  WET YEAR AVERAGE YEAR AVERAGE YEAR  DRY YEAR  DRY YEAR 
 (INCHES)    NETTED    NUMBER  NETTED    MASS    NUMBER   MASS(KG)   NUMBER   MASS(KG)    NUMBER      MASS(KG)     NUMBER   MASS(KG) 
 
FINGERLING      268     6.97       3     2.36     1327       17        204        3         1687          21        2294        29 
INTERMEDIATE   3242    84.35     109    76.47    16724      563       2806       94        20787         697       27897       938 
HARVESTABLE     333     8.67      30    20.90     2053      185        495       46         2440         221        2963       266 
             ------   ------   -----    -----   -------   -------    -------   ------     ------      ------      ------     ------- 
    SUM        3843    99.99     142    99.73    20104      765       3505      143        24914         939       33154      1233 
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Table 8.  (Concluded). 
 
STRIPED BASS 
             EXPANDED PERCENT EXPANDED PERCENT PHASE III PHASE III PROJECTED PROJECTED   PROJECTED    PROJECTED  PROJECTED PROJECTED 
 FISH SIZE    NUMBER     BY   MASS(KG)    BY     TOTAL     TOTAL    WET YEAR  WET YEAR AVERAGE YEAR AVERAGE YEAR  DRY YEAR  DRY YEAR 
  (INCHES)    NETTED   NUMBER  NETTED    MASS    NUMBER   MASS(KG)   NUMBER   MASS(KG)    NUMBER      MASS(KG)     NUMBER   MASS(KG) 
 
HARVESTABLE      66    50.19     13     74.42      248        50        49         9         355          71          522       106 
INTERMEDIATE     58    44.19      4     19.60      262        15        43         2         334          19          467        28 
FINGERLING        6     4.39      0      0.27       42         0        13         0          51           0           55         0 
DESIRABLE         1     1.14      1      7.16        4         3         1         1           9           6           12        10 
               -----   -----   -----   ------    ------    ------    ------   ------      ------       -----        -----   -------- 
     SUM        131    99.91     18    101.45      556        68       106        12         749          96         1056       144 
 
 
HYBRID BASS    
             EXPANDED PERCENT EXPANDED PERCENT PHASE III PHASE III PROJECTED PROJECTED   PROJECTED   PROJECTED   PROJECTED PROJECTED 
 FISH SIZE    NUMBER     BY   MASS(KG)    BY     TOTAL     TOTAL    WET YEAR  WET YEAR AVERAGE YEAR AVERAGE YEAR  DRY YEAR  DRY YEAR 
  (INCHES)    NETTED  NUMBER  NETTED    MASS    NUMBER   MASS(KG)   NUMBER   MASS(KG)    NUMBER      MASS(KG)     NUMBER   MASS(KG) 
 
FINGERLING       0         0      0         0        0         0         -         -           -           -           -         -   
INTERMEDIATE    22     32.61      1      8.51       93         6        12         1         118           8         176        12 
HARVESTABLE     42     61.69      9     54.92      141        31        23         5         215          48         329        73 
DESIRABLE        4      5.64      6     36.99       12        19         2         4          20          33          31         50                
             --------  ------- -------   -------  ------  --------   -------   -------   ---------    ---------    -------    ------ 
      SUM       68     99.94     16    100.42      246        56        37        10         353          89         536        135   
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Table 1-9.  Summary of fish impinged on the bar screen veneers during Phase III. 
 
 
 


PHASE III IMPINGEMENT SUMMARY 
 


 
Species 


 
Expanded 
Number  


Collected 


 
Percent  


By  
Number 


 
Expanded 
Mass(Kg) 
Collected 


 
Percent 


By  
Mass 


 
Phase III 


Expanded 
Numbers 


 
Phase III 


Total 
Mass(Kg) 


 
Projected 
Wet Year 
Number 


 
Projected 
Wet Year 
Mass(Kg) 


 
Projected 
Avg. Year 
Number 


 
Projected 
Avg. Year 
Mass(Kg) 


 
Projected 
Dry Year 
Number 


 
Projected 
Dry Year 
Mass(Kg)  


White Perch 
 


32 
 


37.65 
 


5.19 
 


9.27 
 


98.34 
 


17.31 
 


17.65 
 


2.98 
 


166.97 
 


27.04 
 


258.0 
 


41.17  
Gizzard Shad 


 
17 


 
20.00 


 
5.38 


 
9.61 


 
70.21 


 
21.46 


 
17.57 


 
5.35 


 
109.18 


 
34.16 


 
145.6 


 
46.02  


Hybrid Bass 
 


10 
 


11.76 
 


13.42 
 


23.96 
 


32.85 
 


39.89 
 


6.08 
 


7.74 
 


52.9 
 


68.15 
 


80.08 
 


105.45  
Longnose Gar 


 
9 


 
10.59 


 
25.48 


 
45.49 


 
48.38 


 
60.68 


 
4.77 


 
5.98 


 
52.49 


 
65.86 


 
73.94 


 
92.74  


Striped Bass 
 


8 
 


9.41 
 


4.48 
 


8.00 
 


39.20 
 


22.60 
 


10.74 
 


6.14 
 


54.01 
 


30.90 
 


68.24 
 


38.44  
Channel Catfish 


 
5 


 
5.88 


 
0.79 


 
1.41 


 
20.99 


 
3.91 


 
2.63 


 
0.42 


 
26.91 


 
4.48 


 
39.81 


 
6.37  


Black Crappie 
 


2 
 


2.35 
 


0.15 
 


0.27 
 


4.88 
 


0.37 
 


1.04 
 


0.07 
 


9.42 
 


0.72 
 


15.18 
 


1.16  
Yellow Perch 


 
1 


 
1.18 


 
0.26 


 
0.46 


 
5.42 


 
1.41 


 
0.53 


 
0.14 


 
5.88 


 
1.53 


 
8.28 


 
2.15  


Common Carp 
 


1 
 


1.18 
 


0.86 
 


1.54 
 


5.37 
 


4.60 
 


0.53 
 


0.45 
 


5.83 
 


4.99 
 


8.21 
 


7.03  
Total 


 
85 


 
100.00 


 
56.01 


 
100.00 


 
325.64 


 
172.23 


 
61.54 


 
29.27 


 
483.59 


 
237.83 


 
697.34 


 
340.53 


 
 
Table 1-10.  Summary of striped bass and hybrid bass size composition for fish impinged on the bar screen veneers.  
 
 


PHASE III HYBRID AND STRIPED BASS IMPINGEMENT SUMMARY  
 


 
Expanded 


 
Percent  


 
Expanded 


 
Percent 


 
Phase III 


 
Phase III 


 
Projected 


 
Projected 


 
Projected 


 
Projected 


 
Projected 


 
Projected  


Species 
 


Number  
 


By  
 


Mass (Kg)   
 


By  
 


Expanded 
 


Total 
 


Wet Year 
 


Wet Year 
 


Avg. Year 
 


Avg. Year 
 


Dry Year 
 


Dry Year  
 


 
Collected 


 
Number 


 
Collected 


 
Mass  


 
Numbers 


 
Mass (Kg) 


 
Number 


 
Mass (Kg) 


 
Number 


 
Mass (Kg) 


 
Number 


 
Mass (Kg)  


Striped Bass 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


  
< or = 4" 


 
0 


 
0.00 


 
0 


 
0.00 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0  


5" - 8" 
 


1 
 


5.56 
 


0.09 
 


0.50 
 


2.44 
 


0.23 
 


0.52 
 


0.05 
 


4.71 
 


0.44 
 


7.59 
 


0.71  
9" - 14" 


 
4 


 
22.22 


 
1.29 


 
7.21 


 
21.38 


 
8.88 


 
6.34 


 
2.77 


 
28.22 


 
10.73 


 
35.43 


 
12.34  


> or = 15" 
 


3 
 


16.67 
 


3.10 
 


17.32 
 


15.38 
 


13.49 
 


3.88 
 


3.32 
 


21.08 
 


19.73 
 


25.22 
 


25.39  
Hybrid Bass 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
  


< or = 4" 
 


0 
 


0.00 
 


0 
 


0.00 
 


0 
 


0 
 


0 
 


0 
 


0 
 


0 
 


0 
 


0  
5" - 8" 


 
0 


 
0.00 


 
0 


 
0.00 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0  


9" - 14" 
 


0 
 


0.00 
 


0 
 


0.00 
 


0 
 


0 
 


0 
 


0 
 


0 
 


0 
 


0 
 


0  
> or = 15" 


 
10 


 
55.56 


 
13.42 


 
74.97 


 
32.85 


 
39.89 


 
6.08 


 
7.74 


 
52.9 


 
68.15 


 
80.08 


 
105.45              
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Total 18 100.00 17.90 100.00 72.05 62.49 16.82 13.63 106.91 99.05 148.32 143.89 
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Table 1-11 (Continued).  Monthly  summaries of impinged fish by species and size for 1995 (a) and Phase III (b) .  If a month is missing then no impinged fish  were collected 
in that month. 
  


(A) 1995 IMPINGEMENT SUMMARY 
 


  
 


MONTH 


 
 


SPECIES 


 
 


LENGTH 


 
NUMBER 


COLLECTED 


 
EXPANDED 
NUMBER 


COLLECTED 


 
UNIT 
HOURS 


SAMPLED 


 
RATE 
PER 
HOUR 


 
TOTAL 
UNIT 
HOURS 


 
TOTAL 


EXPANDED 
NUMBER 


 
APRIL 


 
Striped Bass 


 
14 


 
1 


 
2 


 
35.25 


 
0.057 


 
207.25 


 
11.8 


 
 


 
Hybrid Bass 


 
17 


 
7 


 
12 


 
35.25 


 
0.340 


 
207.25 


 
70.8 


 
 


 
Hybrid Bass 


 
18 


 
1 


 
2 


 
35.25 


 
0.057 


 
207.25 


 
11.8 


 
 


 
Hybrid Bass 


 
21 


 
1 


 
2 


 
35.25 


 
0.057 


 
207.25 


 
11.8 


 
 


 
White Perch 


 
8 


 
2 


 
4 


 
35.25 


 
0.113 


 
207.25 


 
23.5 


 
 


 
White Perch 


 
11 


 
2 


 
4 


 
35.25 


 
0.113 


 
207.25 


 
23.5 


 
 


 
White Perch 


 
14 


 
1 


 
2 


 
35.25 


 
0.057 


 
207.25 


 
11.8 


 
 


 
Gizzard Shad 


 
11 


 
1 


 
2 


 
35.25 


 
0.057 


 
207.25 


 
11.8 


 
 


 
Gizzard Shad 


 
12 


 
1 


 
2 


 
35.25 


 
0.057 


 
207.25 


 
11.8 


 
 


 
Gizzard Shad 


 
13 


 
6 


 
12 


 
35.25 


 
0.340 


 
207.25 


 
70.8 


 
 


 
Gizzard Shad 


 
14 


 
4 


 
7 


 
35.25 


 
0.199 


 
207.25 


 
41.2 


 
MAY 


 
Longnose Gar 


 
32 


 
1 


 
1 


 
22.21 


 
0.045 


 
22.21 


 
1 


 
AUG 


 
Hybrid Bass 


 
12 


 
1 


 
2 


 
17.21 


 
0.116 


 
107.17 


 
12.5 


 
 


 
Gizzard Shad 


 
10 


 
2 


 
4 


 
17.21 


 
0.232 


 
107.17 


 
24.9 


 
 


 
Gizzard Shad 


 
12 


 
2 


 
4 


 
17.21 


 
0.116 


 
107.17 


 
12.5 


 
SEP 


 
Yellow Perch 


 
14 


 
1 


 
2 


 
12.97 


 
0.154 


 
61.38 


 
9.5 


 
TOTAL 


 
APR - SEP 1995 


 
 


 
34 


 
64 


 
 


 
 


 
 


 
361 
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Table 1-11 (Continued). 
 
 


(b) Phase III Impingement Summary 
 


APRIL                                                   
 


  
Species 


 
Size 
(in) 


 
Expanded 


Number  
Collected 


 
Percent 


By   
Number 


 
Expanded 


Mass  
Collected 


 
Percent 


By   
Mass  


 
Projected Wet 


 
Projected Ave 


 
Projected Dry 


 
Number 


 
Mass 


 
Number 


 
Mass 


 
Number 


 
 Mass 


 
Gizzard Shad 


 
8 


 
2.44 


 
2.00 


 
0.19 


 
0.38 


 
0.52 


 
0.04 


 
4.71 


 
0.36 


 
7.59 


 
0.59 


 
Gizzard Shad 


 
12 


 
9.78 


 
8.01 


 
2.68 


 
5.36 


 
2.10 


 
0.57 


 
18.87 


 
5.16 


 
30.40 


 
8.32 


 
Gizzard Shad 


 
14 


 
4.89 


 
4.00 


 
2.16 


 
4.33 


 
1.05 


 
0.46 


 
9.44 


 
4.18 


 
15.20 


 
6.73 


 
Gizzard Shad 


 
15 


 
2.44 


 
2.00 


 
1.34 


 
2.68 


 
0.52 


 
0.29 


 
4.71 


 
2.58 


 
7.59 


 
4.17 


 
Striped Bass 


 
8 


 
2.44 


 
2.00 


 
0.23 


 
0.45 


 
0.52 


 
0.05 


 
4.71 


 
0.44 


 
7.59 


 
0.71 


 
Striped Bass 


 
9 


 
2.44 


 
2.00 


 
0.32 


 
0.65 


 
0.52 


 
0.07 


 
4.71 


 
0.62 


 
7.59 


 
1.00 


 
Striped Bass 


 
10 


 
2.44 


 
2.00 


 
0.44 


 
0.88 


 
0.52 


 
0.09 


 
4.71 


 
0.85 


 
7.59 


 
1.37 


 
Striped Bass 


 
21 


 
2.44 


 
2.00 


 
4.01 


 
8.04 


 
0.52 


 
0.86 


 
4.71 


 
7.74 


 
7.59 


 
12.48 


 
Hybrid Bass 


 
16 


 
2.44 


 
2.00 


 
2.05 


 
4.11 


 
0.52 


 
0.44 


 
4.71 


 
3.96 


 
7.59 


 
6.39 


 
Hybrid Bass 


 
17 


 
2.44 


 
2.00 


 
2.48 


 
4.97 


 
0.52 


 
0.53 


 
4.71 


 
4.79 


 
7.59 


 
7.71 


 
Hybrid Bass 


 
18 


 
7.33 


 
6.00 


 
8.90 


 
17.82 


 
1.57 


 
1.91 


 
14.15 


 
17.18 


 
22.79 


 
27.66 


 
Hybrid Bass 


 
20 


 
2.44 


 
2.00 


 
4.11 


 
8.24 


 
0.52 


 
0.88 


 
4.71 


 
7.93 


 
7.59 


 
12.79 


 
Hybrid Bass 


 
21 


 
2.44 


 
2.00 


 
4.79 


 
9.59 


 
0.52 


 
1.02 


 
4.71 


 
9.24 


 
7.59 


 
14.88 


 
Hybrid Bass 


 
23 


 
2.44 


 
2.00 


 
6.35 


 
12.72 


 
0.52 


 
1.35 


 
4.71 


 
12.26 


 
7.59 


 
19.75 


 
Chan Catfish 


 
4 


 
2.44 


 
2.00 


 
0.02 


 
0.05 


 
0.52 


 
0.00 


 
4.71 


 
0.04 


 
7.59 


 
0.06 


 
Chan Catfish 


 
8 


 
2.44 


 
2.00 


 
0.18 


 
0.35 


 
0.52 


 
0.04 


 
4.71 


 
0.34 


 
7.59 


 
0.55 


 
Black Crappie 


 
6 


 
2.44 


 
2.00 


 
0.11 


 
0.22 


 
0.52 


 
0.02 


 
4.71 


 
0.21 


 
7.59 


 
0.34 


 
Black Crappie 


 
8 


 
2.44 


 
2.00 


 
0.26 


 
0.53 


 
0.52 


 
0.05 


 
4.71 


 
0.51 


 
7.59 


 
0.82 


 
White Perch 


 
6 


 
7.33 


 
6.00 


 
0.34 


 
0.69 


 
1.57 


 
0.07 


 
14.15 


 
0.67 


 
22.79 


 
1.07 


 
White Perch 


 
7 


 
7.33 


 
6.00 


 
0.55 


 
1.10 


 
1.57 


 
0.12 


 
14.15 


 
1.05 


 
22.79 


 
1.70 


 
White Perch 


 
8 


 
12.22 


 
10.00 


 
1.36 


 
2.73 


 
2.62 


 
0.29 


 
23.58 


 
2.63 


 
37.99 


 
4.23 


 
White Perch 


 
9 


 
17.11 


 
14.01 


 
2.71 


 
5.43 


 
3.67 


 
0.58 


 
33.02 


 
5.23 


 
53.19 


 
8.43 


 
White Perch 


 
10 


 
17.11 


 
14.01 


 
3.72 


 
7.45 


 
3.67 


 
0.80 


 
33.02 


 
7.18 


 
53.19 


 
11.56 


 
White Perch 


 
11 


 
2.44 


 
2.00 


 
0.62 


 
1.24 


 
0.52 


 
0.15 


 
4.71 


 
1.36 


 
7.59 


 
2.20 


 
Total 


 
 
 


122.14 
 
100.00 


 
 49.92 


 
100.00 


 
26.20 


 
10.67 


 
235.72 


 
96.53 


 
379.71 


 
155.50  


 
MAY                                                      


 
Carp 


 
15 


 
5.37 


 
5.26 


 
4.60 


 
6.05 


 
0.53 


 
0.45 


 
5.83 


 
4.99 


 
8.21 


 
7.03 


 
Chan Catfish 


 
6 


 
5.37 


 
5.26 


 
0.16 


 
0.21 


 
0.53 


 
0.01 


 
5.83 


 
0.17 


 
8.21 


 
0.24 


 
Chan Catfish 


 
7 


 
5.37 


 
5.26 


 
0.26 


 
0.34 


 
0.53 


 
0.03 


 
5.83 


 
0.28 


 
8.21 


 
0.39 


 
Chan Catfish 


 
16 


 
5.37 


 
5.26 


 
3.29 


 
4.33 


 
0.53 


 
0.33 


 
5.83 


 
3.65 


 
8.21 


 
5.13 


 
Gizzard Shad 


 
12 


 
5.37 


 
5.26 


 
1.47 


 
1.93 


 
0.53 


 
0.15 


 
5.83 


 
1.60 


 
8.21 


 
2.25 


 
Longnose Gar 


 
12 


 
21.48 


 
21.03 


 
1.32 


 
1.74 


 
2.12 


 
0.13 


 
23.30 


 
1.44 


 
32.83 


 
2.02 


 
Longnose Gar 


 
30 


 
16.11 


 
15.77 


 
21.04 


 
27.67 


 
1.59 


 
2.08 


 
17.48 


 
22.83 


 
24.62 


 
32.15 


 
Longnose Gar 


 
40 


 
5.37 


 
5.26 


 
18.28 


 
24.05 


 
0.53 


 
1.81 


 
5.83 


 
19.85 


 
8.21 


 
27.96 


 
Longnose Gar 


 
41 


 
5.42 


 
5.31 


 
20.04 


 
26.36 


 
0.53 


 
1.96 


 
5.88 


 
21.74 


 
8.28 


 
30.61 


 
White perch 


 
7 


 
5.37 


 
5.26 


 
0.40 


 
0.53 


 
0.53 


 
0.04 


 
5.83 


 
0.44 


 
8.21 


 
0.61 


 
White perch 


 
8 


 
10.74 


 
10.52 


 
1.20 


 
1.58 


 
1.06 


 
0.12 


 
11.65 


 
1.30 


 
16.42 


 
1.83 


 
White perch 


 
13 


 
5.37 


 
5.26 


 
2.56 


 
3.37 


 
0.53 


 
0.25 


 
5.83 


 
2.79 


 
8.21 


 
3.92 


 
Yellow Perch 


 
12 


 
5.42 


 
5.31 


 
1.41 


 
1.86 


 
0.53 


 
0.14 


 
5.88 


 
1.53 


 
8.28 


 
2.15 


 
Total 


 
 
 


102.13 
 
100.00 


 
 76.03 


 
100.00 


 
10.06 


 
7.49 


 
110.79 


 
82.60 


 
156.10 


 
116.31 


 
 JUNE                                                    


 
Gizzard Shad 


 
13 


 
15.85 


 
100.00 


 
5.57 


 
100.00 


 
4.19 


 
1.47 


 
30.35 


 
10.66 


 
38.73 


 
13.60 


     
 


JULY                                                    
 
Gizzard Shad 


 
12 


 
16.5 


 
50.00 


 
4.51 


 
35.71 


 
5.30 


 
1.45 


 
18.80 


 
5.14 


 
20.25 


 
5.54 


 
Striped Bass 


 
14 


 
16.5 


 
50.00 


 
8.12 


 
64.27 


 
5.30 


 
2.61 


 
18.80 


 
9.26 


 
20.25 


 
9.97 


 
Total 


 
 
 


 33.00 
 
100.00 


 
12.64 


 
100.00 


 
10.61 


 
4.06 


 
37.60 


 
14.40 


 
40.49 


 
15.51 


 
AUGUST                                                   


 
Gizzard Shad 


 
12 


 
12.94 


 
50.00 


 
3.54 


 
27.20 


 
3.36 


 
0.92 


 
16.37 


 
4.48 


 
17.63 


 
4.82 


 
Striped Bass 


 
16 


 
12.94 


 
50.00 


 
9.48 


 
72.83 


 
3.36 


 
2.46 


 
16.37 


 
11.99 


 
17.63 


 
12.91 
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Total  25.88 100.00 13.01 100.00 6.72 3.38 32.75 16.47 35.26 17.74 
 


OCTOBER                                                 
 


White Perch 
 


11 
 


13.32 
 


50.00 
 


3.85 
 


25.58 
 


1.91 
 
0.56 


 
15.20 


 
4.39 


 
19.34 


 
5.62 


 
Hybrid Bass 


 
16 


 
13.32 


 
50.00 


 
11.21 


 
74.45 


 
1.91 


 
1.61 


 
15.20 


 
12.79 


 
19.34 


 
16.27 


 
Total 


 
 
 


26.64 
 
100.00 


 
13.44 


 
100.00 


 
3.82 


 
2.17 


 
28.33 


 
17.18 


 
38.68 


 
21.89 
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Table 1-12.  Summaries of numbers and biomass for fish greater than or equal to 1.5-inches long based on April through October of Phase II netting,  projected to monthly  Phase III 
sampling,  projected wet water year (25% exceedance ), projected average water year (50% exceedance), and projected dry water year (75% exceedance) for all species recovered.  Data not 
adjusted for passage survival. 
                                                          PHASE III  PHASE III 
                EXPANDED   PERCENT   EXPANDED   PERCENT     MONTHS     MONTHS     PROJECTED   PROJECTED     PROJECTED      PROJECTED    PROJECTED   PROJECTED 
                 NUMBER       BY     MASS(KG)      BY       TOTAL       TOTAL      WET YEAR    WET YEAR   AVERAGE YEAR   AVERAGE YEAR    DRY YEAR    DRY YEAR 
NAME             NETTED     NUMBER    NETTED      MASS      NUMBER     MASS(KG)     NUMBER     MASS(KG)      NUMBER        MASS(KG)       NUMBER     MASS(KG) 
 
THREADFIN SHAD    157172     68.98       621      25.41     2700434      10566       797670       3115        3034072         12012       3462594      13792 
BLUEBACK HERRING   55304     24.27      1407      57.62      650144      16482       165837       4218         822626         20862        903857      22904 
YELLOW PERCH        6148      2.70        96       3.91      117146       1738        31994        451         148424          2212        171523       2585 
BLUEGILL            2582      1.13        21       0.87       47819        385        12668        101          60081           480         70320        553 
BLACK CRAPPIE       1611      0.71        26       1.05       24865        418         5292         95          32968           540         41208        645 
SPOTTAIL SHINER     1503      0.66        11       0.46       20570        152         3629         27          32048           240         48358        363 
WHITE PERCH         1102      0.48        53       2.16       18699        895         4507        215          24502          1198         29475       1444 
WHITE CATFISH        799      0.35        34       1.38       14506        611         3469        155          16474           701         18961        795 
GIZZARD SHAD         636      0.28        61       2.48       10736       1101         3010        303          13289          1395         15102       1649 
CHANNEL CATFISH      282      0.12         9       0.38        4982        172         1251         38           6056           202          6815        234 
BROWN BULLHEAD       120      0.05        11       0.47        2346        194          685         56           2810           234          3081        254 
STRIPED BASS         118      0.05        23       0.96        1758        364          305         70           2324           455          3125        571 
WARMOUTH             110      0.05         3       0.13        1916         57          475         15           2460            72          2927         84 
WHITE CRAPPIE         81      0.04         2       0.07        1198         27          194          4           1582            34          2206         47 
LARGEMOUTH BASS       55      0.02         2       0.08        1066         30          309          4           1305            33          1426         44 
HYBRID BASS           51      0.02        36       1.47         846        582          202        146           1121           795          1388       1002 
YELLOW BULLHEAD       39      0.02         2       0.07         560         22          154          6            661            27           731         29 
GOLDEN SHINER         25      0.01         0       0.01         456          6          118          2            523             7           598          8 
BLACK BULLHEAD        18      0.01         1       0.03         246         10           88          4            271            10           292         11 
BROWN TROUT           15      0.01         5       0.19         190         59           61         19            220            67           237         73 
TESSELATED DARTR      13      0.01         0       0.01         203          4           56          1            307             7           431         10 
CHAIN PICKEREL        11      0.00         0       0.00         199          1           45          0            243             1           300          1 
COASTAL SHINER        11      0.01         0       0.00         182          0           56          0            216             0           233          0 
BLUEHEAD CHUB          7      0.00         0       0.00         254          0           66          0            322             0           347          0 
FLAT BULLHEAD          7      0.00         1       0.06         106         21           42          8            109            22           117         24 
AMERICAN EEL           4      0.00         1       0.02          66          9           11          1             75            10            90         12 
FLATHEAD CATFISH       4      0.00         0       0.00         100          1           32          0            115             1           124          1 
LONGNOSE GAR           4      0.00         6       0.26          64        108           20         29             67           113            76        132 
RAINBOW TROUT          3      0.00         2       0.07          71         49           18         13             90            62            97         67 
SPOTTED BASS           3      0.00         0       0.00          37          0           10          0             72             0            92          0 
CARP                   2      0.00         3       0.12          36         53            8         13             38            56            45         67 
COOSA BASS             2      0.00         1       0.05          35         22            8          5             37            24            44         28 
GREEN SUNFISH          2      0.00         0       0.00          46          0            6          0             49             0            62          0 
MADTOM                 2      0.00         0       0.00          32          0            3          0             34             0            48          0 
SILVER REDHORSE        2      0.00         2       0.09          26         27            5          6             49            52            79         83 
TADPOLE MADTOM         2      0.00         0       0.00          42          0           13          0             48             1            51          1 
WHITEFIN SHINER        2      0.00         0       0.00          29          0            6          0             57             0            91          0 
RIVER CARPSUCKER       1      0.00         2       0.07          14         25            1          2             15            27            21         38 
WHITE BASS             1      0.00         0       0.01          11          2            3          1             21             4            27          6 
                ========   =======   ========   =======   =========   =========   =========   =========   ============   ============   =========   ========= 
                  227854     99.98      2442      99.96     3622036      34193      1032327       9123        4205781         41956       4786599      47557 
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Table 1-13.  Summaries of numbers and biomasses for fish greater than or equal to 1.5-inches long based on all Phase II months, estimated Phase II totals, projected wet water year (25% 
exceedance), projected average water year (50% exceedance), and projected dry water year (75% exceedance) for all species recovered during all months of Phase II sampling.  Data not 
adjusted for passage survival.  
                                                         PHASE III  PHASE III 
                   EXPANDED  PERCENT  EXPANDED  PERCENT    MONTHS    MONTHS    PROJECTED  PROJECTED    PROJECTED     PROJECTED   PROJECTED  PROJECTED 
                    NUMBER      BY    MASS(KG)     BY      TOTAL      TOTAL     WET YEAR   WET YEAR  AVERAGE YEAR  AVERAGE YEAR   DRY YEAR   DRY YEAR 
NAME                NETTED    NUMBER   NETTED     MASS     NUMBER    MASS(KG)    NUMBER    MASS(KG)     NUMBER       MASS(KG)      NUMBER    MASS(KG) 
 
THREADFIN SHAD      228076    74.59      724     26.11    2700434     10566      899720      3257       5036933        14956      7107883     19130 
BLUEBACK HERRING     56898    18.61     1464     52.80     650144     16482      168784      4323        874114        22739       990155     26023 
YELLOW PERCH          9993     3.27      139      5.03     117146      1738       37418       514        238975         3220       351890      4616 
BLUEGILL              2802     0.92       24      0.87      47819       385       12803       104         66250          562        81313       697 
SPOTTAIL SHINER       1720     0.56       13      0.47      20570       152        3788        28         38126          291        59416       456 
BLACK CRAPPIE         1619     0.53       26      0.92      24865       418        5299        95         33137          541        41551       647 
GIZZARD SHAD          1420     0.46      135      4.86      10736      1101        4631       381         31101         2803        51131      4758 
WHITE PERCH           1119     0.37       54      1.94      18699       895        4509       216         24909         1225        30251      1496 
WHITE CATFISH          918     0.30       39      1.39      14506       611        3532       157         20128          851        25209      1051 
CHANNEL CATFISH        336     0.11       16      0.59       4982       172        1307        48          7733          438         9672       621 
STRIPED BASS           144     0.05       29      1.04       1758       364         313        71          2932          576         4302       816 
WHITE CRAPPIE          134     0.04        2      0.09       1198        27         194         4          2394           45         4197        73 
BROWN BULLHEAD         132     0.04       12      0.42       2346       194         698        57          3137          246         3682       273 
WARMOUTH               117     0.04        3      0.12       1916        57         480        15          2585           78         3212        95 
HYBRID BASS             80     0.03       62      2.23        846       582         227       160          1790         1300         2700      2088 
LARGEMOUTH BASS         56     0.02        2      0.07       1066        30         313         4          1337           33         1491        45 
YELLOW BULLHEAD         39     0.01        2      0.06        560        22         154         6           661           27          731        29 
GOLDEN SHINER           25     0.01        0      0.01        456         6         118         2           523            7          598         8 
BLACK BULLHEAD          18     0.01        1      0.02        246        10          88         4           271           10          292        11 
TESSELATED DARTR        16     0.01        0      0.01        203         4          56         1           372            9          560        13 
BROWN TROUT             15     0.00        5      0.17        190        59          61        19           220           67          237        73 
CHAIN PICKEREL          11     0.00        0      0.00        199         1          45         0           243            1          300         1 
COASTAL SHINER          11     0.00        0      0.00        182         0          56         0           216            0          233         0 
BLUEHEAD CHUB            9     0.00        0      0.00        254         0          66         0           387            0          459         0 
WHITEFIN SHINER          9     0.00        0      0.00         29         0          22         0           203            1          384         2 
GREEN SUNFISH            8     0.00        0      0.00         46         0           6         0           194            0          330         1 
FLAT BULLHEAD            7     0.00        1      0.05        106        21          42         8           109           22          117        24 
SPOTTED BASS             7     0.00        1      0.04         37         0          10         0           146           17          244        41 
FLATHEAD CATFISH         6     0.00        1      0.05        100         1          32         0           188           38          250        65 
AMERICAN EEL             4     0.00        1      0.02         66         9          11         1            75           10           90        12 
LONGNOSE GAR             4     0.00        6      0.23         64       108          20        29            67          113           76       132 
WHITE BASS               4     0.00        1      0.03         11         2           9         1           108           18          193        31 
RAINBOW TROUT            3     0.00        2      0.06         71        49          18        13            90           62           97        67 
CARP                     2     0.00        3      0.11         36        53           8        13            38           56           45        67 
COOSA BASS               2     0.00        1      0.04         35        22           8         5            37           24           44        28 
MADTOM                   2     0.00        0      0.00         32         0           3         0            34            0           48         0 
SILVER REDHORSE          2     0.00        2      0.08         26        27           5         6            49           52           79        83 
TADPOLE MADTOM           2     0.00        0      0.00         42         0          13         0            48            1           51         1 
NORTHERN HOGSUCKR        1     0.00        0      0.00          0         0           3         0            28            0           55         0 
RIVER CARPSUCKER         1     0.00        2      0.06         14        25           1         2            15           27           21        38 
                   ========  =======  ========  =======  =========  =========  =========  =========  ============  ============  =========  ========= 
                    305772    99.98     2773     99.99    3622036     34193     1144871      9544       6389903        50466      8773589     63612 
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Table 1-14.  Summary of Phase II data collection over 12 month period from August 1993 to August 1994.  Ratios represent the proportion of the catch made in the months of April, May, 
June, July, August, September, and October compared to the catch for the full annual cycle. Values not corrected for passage survival.  Missing values indicate that a species was recovered 
in only one of the two Phases of sampling. 
 
                                             RATIO         RATIO     RATIO WET YR  RATIO WET YR  RATIO AVE. YR  RATIO AVE. YR  RATIO DRY YR  RATIO DRY YR 
                          NET      NET    APR-OCT TO    APR-OCT TO    APR-OCT TO    APR-OCT TO     APR-OCT TO     APR-OCT TO    APR-OCT TO    APR-OCT TO 
     COMMON              CATCH    CATCH  ANNUAL CATCH  ANNUAL CATCH  ANNUAL CATCH  ANNUAL CATCH   ANNUAL CATCH   ANNUAL CATCH  ANNUAL CATCH  ANNUAL CATCH 
OBS  NAME               APR-OCT  ANNUAL     NUMBERS         KG            NUM           KG             NU             KG            NUM           KG 
 
  1  THREADFIN SHAD      157172  228076     0.68912       0.85773       0.88658       0.95640       0.60236        0.80316        0.48715       0.72096 
  2  BLUEBACK HERRING     55304   56898     0.97198       0.96107       0.98254       0.97571       0.94110        0.91745        0.91284       0.88014 
  3  YELLOW PERCH          6148    9993     0.61523       0.69065       0.85504       0.87743       0.62109        0.68696        0.48743       0.56001 
  4  BLUEGILL              2582    2802     0.92148       0.87500       0.98946       0.97115       0.90688        0.85409        0.86481       0.79340 
  5  BLACK CRAPPIE         1611    1619     0.99506       1.00000       0.99868       1.00000       0.99490        0.99815        0.99175       0.99691 
  6  SPOTTAIL SHINER       1503    1720     0.87384       0.84615       0.95803       0.96429       0.84058        0.82474        0.81389       0.79605 
  7  WHITE PERCH           1102    1119     0.98481       0.98148       0.99956       0.99537       0.98366        0.97796        0.97435       0.96524 
  8  WHITE CATFISH          799     918     0.87037       0.87179       0.98216       0.98726       0.81846        0.82374        0.75215       0.75642 
  9  GIZZARD SHAD           636    1420     0.44789       0.45185       0.64997       0.79528       0.42729        0.49768        0.29536       0.34657 
 10  CHANNEL CATFISH        282     336     0.83929       0.56250       0.95715       0.79167       0.78314        0.46119        0.70461       0.37681 
 11  BROWN BULLHEAD         120     132     0.90909       0.91667       0.98138       0.98246       0.89576        0.95122        0.83677       0.93040 
 12  STRIPED BASS           118     144     0.81944       0.79310       0.97444       0.98592       0.79263        0.78993        0.72641       0.69975 
 13  WARMOUTH               110     117     0.94017       1.00000       0.98958       1.00000       0.95164        0.92308        0.91127       0.88421 
 14  WHITE CRAPPIE           81     134     0.60448       1.00000       1.00000       1.00000       0.66082        0.75556        0.52561       0.64384 
 15  LARGEMOUTH BASS         55      56     0.98214       1.00000       0.98722       1.00000       0.97607        1.00000        0.95641       0.97778 
 16  HYBRID BASS             51      80     0.63750       0.58065       0.88987       0.91250       0.62626        0.61154        0.51407       0.47989 
 17  YELLOW BULLHEAD         39      39     1.00000       1.00000       1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 18  GOLDEN SHINER           25      25     1.00000        .            1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 19  BLACK BULLHEAD          18      18     1.00000       1.00000       1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 20  BROWN TROUT             15      15     1.00000       1.00000       1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 21  TESSELATED DARTR        13      16     0.81250        .            1.00000       1.00000       0.82527        0.77778        0.76964       0.76923 
 22  CHAIN PICKEREL          11      11     1.00000        .            1.00000        .            1.00000        1.00000        1.00000       1.00000 
 23  COASTAL SHINER          11      11     1.00000        .            1.00000        .            1.00000         .             1.00000        . 
 24  BLUEHEAD CHUB            7       9     0.77778        .            1.00000        .            0.83204         .             0.75599        . 
 25  FLAT BULLHEAD            7       7     1.00000       1.00000       1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 26  AMERICAN EEL             4       4     1.00000       1.00000       1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 27  FLATHEAD CATFISH         4       6     0.66667       0.00000       1.00000        .            0.61170        0.02632        0.49600       0.01538 
 28  LONGNOSE GAR             4       4     1.00000       1.00000       1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 29  RAINBOW TROUT            3       3     1.00000       1.00000       1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 30  SPOTTED BASS             3       7     0.42857       0.00000       1.00000        .            0.49315        0.00000        0.37705       0.00000 
 31  CARP                     2       2     1.00000       1.00000       1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 32  COOSA BASS               2       2     1.00000       1.00000       1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 33  GREEN SUNFISH            2       8     0.25000        .            1.00000        .            0.25258         .             0.18788       0.00000 
 34  MADTOM                   2       2     1.00000        .            1.00000        .            1.00000         .             1.00000        . 
 35  SILVER REDHORSE          2       2     1.00000       1.00000       1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 36  TADPOLE MADTOM           2       2     1.00000        .            1.00000        .            1.00000        1.00000        1.00000       1.00000 
 37  WHITEFIN SHINER          2       9     0.22222        .            0.27273        .            0.28079        0.00000        0.23698       0.00000 
 38  RIVER CARPSUCKER         1       1     1.00000       1.00000       1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 39  WHITE BASS               1       4     0.25000       0.00000       0.33333       1.00000       0.19444        0.22222        0.13990       0.19355 
 40  NORTHERN HOGSUCKR        .       1      .             .             .             .             .              .              .             . 
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Table 1-15 (Continued).  Annual projected entrainment obtained by expanding Phase III entrainment using an expansion factor defined as (Phase II annual entrainment) divided  by (Phase 
II April October entrainment).  These data are for all fish greater than or equal to 1.5-inches long and the data are not adjusted for passage survival.  Missing values indicate that a species 
was not recovered during Phase II November-March and a 1.0 indicates that a species was not recovered during the April-October time period.  The expansion factor was also applied to the 
mean hourly entrainment rate, by month, for projected entrainment for wet, average, and dry water years.  Projections for entrainment  of 2 and  3 standard errors of the mean area also 
provided. 
 
                        ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
                          WET YR          WET YR        WET YR       PII EXPANSION         WET YR            WET YR         WET YR       PII EXPANSION 
NAME                 ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      WET YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      WET YR (KG) 
 
THREADFIN SHAD          1131503.90      1539238.91    1743106.41        0.88658            1732.54          2338.98        2642.20          0.95640 
BLUEBACK HERRING          41390.69        79264.98      98202.64        0.98254             939.83          1812.01        2248.62          0.97571 
WHITE PERCH                8693.86        12604.59      14559.46        0.99956             540.50           793.67         920.26          0.99537 
BLACK CRAPPIE              6259.27        10472.83      12580.62        0.99868             218.00           353.00         420.00          1.00000 
CHANNEL CATFISH            2829.22         3932.49       4485.17        0.95715             140.21           203.37         234.95          0.79167 
YELLOW PERCH               2459.53         4105.06       4928.41        0.85504              44.45            71.80          85.48          0.87743 
BLUEGILL                   2886.44         4251.83       4935.04        0.98946              40.16            58.69          67.96          0.97115 
SPOTTAIL SHINER            1171.16         1933.14       2314.14        0.95803              10.37            17.63          20.74          0.96429 
GIZZARD SHAD               1820.09         3544.79       4406.37        0.64997              71.67           127.00         153.41          0.79528 
WHITE CATFISH               910.24         1458.01       1732.91        0.98216              27.35            54.70          68.88          0.98726 
STRIPED BASS                186.77          322.24        389.97        0.97444              22.31            35.50          42.60          0.98592 
LARGEMOUTH BASS             347.44          682.72        849.86        0.98722               1.00             3.00           3.00          1.00000 
 
   ANN. PROJ.       ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ. 
    AVE. YR            AVE. YR        AVE. YR     PII EXPANSION         AVE. YR          AVE. YR        AVE. YR       PII EXPANSION         DRY YR 
ENTRAINMENT (#)     + 2 SE (#)     + 3 SE (#)      AVE. YR (#)     ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      AVE. YR (KG     ENTRAINMENT (#) 
 
   6729098.13       9168680.56    10388470.95        0.60236            9638.23          11532.01       13048.52         0.80316          9316803.21 
    318434.79        640925.48      802170.29        0.94110            9922.02          15408.94       19352.46         0.91745           433431.15 
     74099.75        108432.73      125600.24        0.98366            7204.80           7102.55        8239.61         0.97796           109456.79 
     50689.52         88880.29      107975.68        0.99490            2166.00           2754.09        3325.15         0.99815            69465.43 
     21956.56         30977.97       35488.03        0.78314            2131.46           2307.09        2677.87         0.46119            32617.99 
     23302.74         38377.94       45916.35        0.62109             542.97            624.49         740.95         0.68696            40807.61 
     17341.82         26186.40       30609.24        0.90688             279.83            337.20         391.06         0.85409            22618.94 
     10491.55         17073.90       20364.48        0.84058             140.65            161.26         194.00         0.82474            15547.58 
     10456.71         20288.55       25205.64        0.42729             751.49           1060.92        1294.00         0.49768            17030.12 
      5002.07          7951.50        9426.22        0.81846             172.39            292.57         366.62         0.82374             6530.59 
      1762.48          2848.73        3392.49        0.79263             365.85            360.79         420.29         0.78993             2789.07 
      1500.92          3033.61        3799.95        0.97607               7.00             15.00          19.00         1.00000             1731.48 
 
 ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
     DRY YR         DRY YR     PII EXPANSION         DRY YR            DRY YR         DRY YR       PII EXPANSION 
 + 2 SE (#)     + 3 SE (#)      DRY YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      DRY YR (KG) 
 
12737789.34    14448280.35        0.48715           10737.05          14649.87       16606.98         0.72096 
  879952.16     1103213.75        0.91284           10342.62          21410.12       26943.30         0.88014 
  159260.35      184163.16        0.97435            7299.73          10657.45       12336.82         0.96524 
  122252.18      148646.06        0.99175            2168.70           3729.53        4509.94         0.99691 
   46092.08       52829.13        0.70461            2608.73           3840.12        4455.81         0.37681 
   66546.50       79415.95        0.48743             666.06           1049.98        1241.05         0.56001 
   34293.23       40130.37        0.86481             301.24            444.92         516.76         0.79340 
   25228.27       30069.23        0.81389             145.72            241.19         288.93         0.79605 
   32905.72       40845.21        0.29536            1079.13           1918.78        2337.16         0.34657 
   10374.23       12296.72        0.75215             187.73            379.42         474.60         0.75642 
    4441.04        5268.40        0.72641             413.00            607.36         704.53         0.69975 
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    3521.52        4416.54        0.95641               7.16             18.41          24.55         0.97778 
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Table 1-15 (Continued) 
                        ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
                          WET YR          WET YR        WET YR       PII EXPANSION         WET YR            WET YR         WET YR       PII EXPANSION 
NAME                 ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      WET YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      WET YR (KG) 
 
HYBRID BASS                  85.41          142.72        170.81        0.88987              21.92            40.55          49.32          0.91250 
LONGNOSE GAR                116.00          315.00        415.00        1.00000               3.00            10.00          13.00          1.00000 
CHAIN PICKEREL               73.00          150.00        188.00        1.00000                .                .              .             . 
WHITE CRAPPIE                61.00          128.00        161.00        1.00000               6.00            12.00          16.00          1.00000 
WARMOUTH                     63.66          134.40        169.77        0.98958               2.00             4.00           5.00          1.00000 
GOLDEN SHINER                57.00          168.00        224.00        1.00000               0.00             1.00           1.00          1.00000 
BROWN BULLHEAD               60.12          141.64        182.40        0.98138               1.02             4.07           5.09          0.98246 
TESSELATED DARTR             60.00          190.00        255.00        1.00000               1.00             2.00           2.00          1.00000 
BLACK BULLHEAD               45.00          121.00        159.00        1.00000               2.00             4.00           6.00          1.00000 
WHITEFIN SHINER              73.33          363.00        509.67        0.27273                .                .              .             . 
SPOTTED BASS                 52.00          133.00        174.00        1.00000                .                .              .             . 
GREEN SUNFISH                11.00           39.00         53.00        1.00000                .                .              .             . 
 
   ANN. PROJ.       ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ. 
    AVE. YR            AVE. YR        AVE. YR     PII EXPANSION         AVE. YR          AVE. YR        AVE. YR       PII EXPANSION         DRY YR 
ENTRAINMENT (#)     + 2 SE (#)     + 3 SE (#)      AVE. YR (#)     ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      AVE. YR (KG     ENTRAINMENT (#) 
 
      1148.09          1938.50        2334.50        0.62626             459.50            536.35         654.09         0.61154             2133.93 
       786.00          2152.00        2835.00        1.00000              14.00             34.00          46.00         1.00000              993.00 
       507.00          1027.00        1288.00        1.00000               0.00              1.00           1.00         1.00000              643.00 
       620.44          1266.61        1590.45        0.66082              58.24             90.00         113.82         0.75556             1063.52 
       461.31           913.16        1139.08        0.95164              20.58             31.42          40.08         0.92308              632.08 
       390.00          1135.00        1507.00        1.00000               2.00              4.00           5.00         1.00000              527.00 
       293.61           692.15         891.98        0.89576              12.62             29.44          38.90         0.95122              377.64 
       310.20          1016.64        1370.46        0.82527               3.86             10.29          14.14         0.77778              371.60 
       150.00           410.00         540.00        1.00000              11.00             25.00          33.00         1.00000              174.00 
       523.53          2528.60        3532.91        0.28079                .                 .              .           0.00000              776.44 
       294.03           784.75        1030.11        0.49315                .                 .              .           0.00000              416.39 
       403.84          1496.57        2042.94        0.25258                .                 .              .            .                   771.77 
 
 ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
     DRY YR         DRY YR     PII EXPANSION         DRY YR            DRY YR         DRY YR       PII EXPANSION 
 + 2 SE (#)     + 3 SE (#)      DRY YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      DRY YR (KG) 
 
    3548.13        4256.20        0.51407             585.56           1029.41        1250.30         0.47989 
    2723.00        3588.00        1.00000              14.00             40.00          53.00         1.00000 
    1300.00        1628.00        1.00000               0.00              1.00           1.00         1.00000 
    2159.38        2709.21        0.52561              68.34            141.34         177.06         0.64384 
    1240.03        1544.00        0.91127              21.49             45.24          57.68         0.88421 
    1516.00        2010.00        1.00000               2.00              5.00           7.00         1.00000 
     896.30        1156.82        0.83677              12.90             39.77          52.67         0.93040 
    1223.94        1651.42        0.76964               3.90             11.70          15.60         0.76923 
     477.00         629.00        1.00000              11.00             33.00          44.00         1.00000 
    3738.73        5219.87        0.23698                .                 .              .           0.00000 
    1116.57        1466.65        0.37705                .                 .              .           0.00000 
    2868.87        3922.74        0.18788                .                 .              .           0.00000 
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Table 1-15.  (Continued) 
                        ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
                          WET YR          WET YR        WET YR       PII EXPANSION         WET YR            WET YR         WET YR       PII EXPANSION 
NAME                 ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      WET YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      WET YR (KG) 
 
REDBREAST                      .               .             .           .                     .                .              .             . 
REDEAR                         .               .             .           .                     .                .              .             . 
SILVER REDHORSE              11.00           56.00         78.00        1.00000               1.00             3.00           5.00          1.00000 
FLATHEAD CATFISH             20.00           59.00         79.00        1.00000                .                .              .             . 
WHITE BASS                   30.00          111.00        153.00        0.33333               1.00             5.00           7.00          1.00000 
YELLOW BULLHEAD               6.00           32.00         45.00        1.00000               0.00             1.00           1.00          1.00000 
BLACKBANDED DARTR              .               .             .           .                     .                .              .             . 
CREEK CHUB                     .               .             .           .                     .                .              .             . 
NORTHERN HOGSUCKR              .               .             .           .                     .                .              .             . 
RIVER CHUB                     .               .             .           .                     .                .              .             . 
STRIPED KILLIFISH              .               .             .           .                     .                .              .             . 
FLIER                          .               .             .           .                     .                .              .             . 
 
   ANN. PROJ.       ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ. 
    AVE. YR            AVE. YR        AVE. YR     PII EXPANSION         AVE. YR          AVE. YR        AVE. YR       PII EXPANSION         DRY YR 
ENTRAINMENT (#)     + 2 SE (#)     + 3 SE (#)      AVE. YR (#)     ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      AVE. YR (KG     ENTRAINMENT (#) 
 
          .                .              .           .                     .                 .              .            .                      . 
          .                .              .           .                     .                 .              .            .                      . 
        93.00           466.00         653.00        1.00000              11.00             38.00          53.00         1.00000              119.00 
        99.72           307.34         410.33        0.61170             456.00           1558.00        2128.00         0.02632              133.06 
       257.14           925.71        1254.86        0.19444              49.50            130.50         175.50         0.22222              428.89 
        35.00           185.00         260.00        1.00000               2.00              7.00          10.00         1.00000               41.00 
          .                .              .           .                     .                 .              .            .                      . 
          .                .              .           .                     .                 .              .            .                      . 
          .                .              .           .                     .                 .              .            .                      . 
          .                .              .           .                     .                 .              .            .                      . 
          .                .              .           .                     .                 .              .            .                      . 
          .                .              .           .                     .                 .              .            .                      . 
 
 ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
     DRY YR         DRY YR     PII EXPANSION         DRY YR            DRY YR         DRY YR       PII EXPANSION 
 + 2 SE (#)     + 3 SE (#)      DRY YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      DRY YR (KG) 
 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
     597.00         836.00        1.00000              11.00             53.00          74.00         1.00000 
     407.26         544.35        0.49600             780.00           2860.00        3900.00         0.01538 
    1536.85        2087.26        0.13990              56.83            206.67         284.17         0.19355 
     216.00         304.00        1.00000               2.00             10.00          13.00         1.00000 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
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Table 1-15.  (Concluded) 
                        ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
                          WET YR          WET YR        WET YR       PII EXPANSION         WET YR            WET YR         WET YR       PII EXPANSION 
NAME                 ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      WET YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      WET YR (KG) 
AMERICAN EEL                   .               .             .          1.00000                .                .              .            1.00000 
BLUEHEAD CHUB                  .               .             .          1.00000                .                .              .             . 
BROWN TROUT                    .               .             .          1.00000                .                .              .            1.00000 
CARP                           .               .             .          1.00000                .                .              .            1.00000 
COASTAL SHINER                 .               .             .          1.00000                .                .              .             . 
COOSA BASS                     .               .             .          1.00000                .                .              .            1.00000 
FLAT BULLHEAD                  .               .             .          1.00000                .                .              .            1.00000 
MADTOM                         .               .             .          1.00000                .                .              .             . 
RAINBOW TROUT                  .               .             .          1.00000                .                .              .            1.00000 
RIVER CARPSUCKER               .               .             .          1.00000                .                .              .            1.00000 
TADPOLE MADTOM                 .               .             .          1.00000                .                .              .             . 
                     ===============    ==========    ==========                      ================    ===========    =========== 
                        1201283.12      1664095.35    1895507.63                           3827.32          5955.97        7018.48 
 
   ANN. PROJ.       ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ. 
    AVE. YR            AVE. YR        AVE. YR     PII EXPANSION         AVE. YR          AVE. YR        AVE. YR       PII EXPANSION         DRY YR 
ENTRAINMENT (#)     + 2 SE (#)     + 3 SE (#)      AVE. YR (#)     ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      AVE. YR (KG     ENTRAINMENT (#) 
          .                .              .          1.00000                .                 .              .           1.00000                 . 
          .                .              .          0.83204                .                 .              .            .                      . 
          .                .              .          1.00000                .                 .              .           1.00000                 . 
          .                .              .          1.00000                .                 .              .           1.00000                 . 
          .                .              .          1.00000                .                 .              .            .                      . 
          .                .              .          1.00000                .                 .              .           1.00000                 . 
          .                .              .          1.00000                .                 .              .           1.00000                 . 
          .                .              .          1.00000                .                 .              .            .                      . 
          .                .              .          1.00000                .                 .              .           1.00000                 . 
          .                .              .          1.00000                .                 .              .           1.00000                 . 
          .                .              .          1.00000                .                 .              .           1.00000                 . 
===============    ===========    ===========                      ================    ===========    ===========                      =============== 
   7270509.94      10170902.70    11621100.20                          34422.97          44451.90       53382.06                         10078432.31 
 
 ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
     DRY YR         DRY YR     PII EXPANSION         DRY YR            DRY YR         DRY YR       PII EXPANSION 
 + 2 SE (#)     + 3 SE (#)      DRY YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      DRY YR (KG) 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          0.75599                .                 .              .            . 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .            . 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .            . 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .           1.00000 
===========    ===========                      ================    ===========    =========== 
14148221.68    16183128.40                          37525.89          63423.27       76369.91 







 
  -34 


Table 1-16.  Summaries of numbers and biomasses for fish greater than or equal to 1.5-inches long based on all Phase II months, estimated Phase II totals, projected wet water year (25% 
exceedance), projected average water year (50% exceedance), and projected dry water year (75% exceedance) for all species recovered during all months of Phase II sampling.  Data 
adjusted for passage survival.  
                                                         PHASE III  PHASE III 
                   EXPANDED  PERCENT  EXPANDED  PERCENT    MONTHS     MONTHS   PROJECTED  PROJECTED    PROJECTED     PROJECTED   PROJECTED  PROJECTED 
                    NUMBER      BY    MASS(KG)     BY      TOTAL      TOTAL     WET YEAR   WET YEAR  AVERAGE YEAR  AVERAGE YEAR   DRY YEAR   DRY YEAR 
NAME                NETTED    NUMBER   NETTED     MASS     NUMBER    MASS(KG)    NUMBER    MASS(KG)     NUMBER       MASS(KG)      NUMBER    MASS(KG) 
 
THREADFIN SHAD      198085     75.59     656      27.66   2620563     10111      850646      3135       4242333        13347      5713121     16495 
BLUEBACK HERRING     55385     21.13    1420      59.86    636725     16151      165854      4239        839172        21662       936963     24362 
YELLOW PERCH          3059      1.17      42       1.77     43140       599       13264       176         74127          988        99449      1305 
BLUEGILL              1854      0.71      18       0.75     34765       300        9820        84         45235          419        52657       504 
GIZZARD SHAD          1126      0.43     104       4.37     10428      1033        4004       340         24424         2200        37859      3506 
BLACK CRAPPIE          839      0.32      16       0.67     13864       277        3402        69         18265          353        21688       405 
WHITE PERCH            697      0.27      36       1.52     11826       616        2904       151         15618          824        18585       976 
SPOTTAIL SHINER        387      0.15       3       0.12      4539        33         911         7          8609           65        12984        99 
WHITE CATFISH          171      0.07       8       0.33      2869       132         814        38          3454          160         3895       179 
STRIPED BASS            82      0.03      18       0.75      1060       241         195        50          1677          360         2380       485 
WARMOUTH                76      0.03       2       0.10      1339        45         363        12          1761           60         2083        71 
CHANNEL CATFISH         67      0.03       2       0.08      1149        33         313         8          1441           44         1594        52 
HYBRID BASS             50      0.02      36       1.52       607       401         158       108          1091          759         1539      1133 
WHITE CRAPPIE           48      0.02       1       0.04       498        11          95         2           895           18         1444        26 
LARGEMOUTH BASS         40      0.02       1       0.04       731        16         211         2           916           18         1012        24 
BROWN BULLHEAD          31      0.01       3       0.13       616        52         184        15           733           63          791        68 
YELLOW BULLHEAD         10      0.00       0       0.02       139         6          41         2           165            7          179         8 
GOLDEN SHINER            7      0.00       0       0.00       135         2          37         1           155            2          174         3 
BLACK BULLHEAD           5      0.00       0       0.01        69         3          25         1            76            3           82         3 
BROWN TROUT              4      0.00       1       0.05        53        17          17         5            62           19           67        20 
CHAIN PICKEREL           4      0.00       0       0.00        70         0          18         0            94            0          114         0 
GREEN SUNFISH            4      0.00       0       0.00        39         0           5         0           103            0          164         0 
TESSELATED DARTR         4      0.00       0       0.00        54         1          16         0            86            2          121         3 
BLUEHEAD CHUB            3      0.00       0       0.00        72         0          19         0           137            0          179         0 
COASTAL SHINER           3      0.00       0       0.00        51         0          16         0            61            0           66         0 
SPOTTED BASS             3      0.00       0       0.02        20         0           5         0            75            8          123        19 
CARP                     2      0.00       2       0.10        29        43           7        10            31           46           37        54 
COOSA BASS               2      0.00       1       0.04        29        18           7         4            30           19           36        23 
FLAT BULLHEAD            2      0.00       0       0.02        30         6          12         2            31            6           33         7 
MADTOM                   2      0.00       0       0.00        32         0           3         0            34            0           48         0 
WHITE BASS               2      0.00       0       0.01         6         1           4         1            52            9           93        15 
WHITEFIN SHINER          2      0.00       0       0.00         5         0           4         0            36            0           68         0 
AMERICAN EEL             1      0.00       0       0.00         9         1           2         0            11            1           13         2 
FLATHEAD CATFISH         1      0.00       0       0.00        27         0           9         0            35            2           40         3 
LONGNOSE GAR             1      0.00       1       0.05        14        20           5         7            14           21           16        23 
RAINBOW TROUT            1      0.00       0       0.02        20        14           5         4            25           18           27        19 
SILVER REDHORSE          1      0.00       1       0.04        12        12           2         3            22           23           36        38 
NORTHERN HOGSUCKR        0      0.00       0       0.00         0         0           1         0             5            0           10         0 
RIVER CARPSUCKER         0      0.00       1       0.04         7        13           1         1             8           14           11        19 
TADPOLE MADTOM           0      0.00       0       0.00        11         0           4         0            13            0           14         0 
                   ========  =======  ========  =======  =========  =========  =========  =========  ============  ============  =========  ========= 
                    262061    100.00    2373     100.13   3385652     30208     1053403      8477       5281112        41540      6909795     49949 
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Table 1-17.  Summaries of numbers and biomass for fish greater than or equal to 1.5-inches long based on April through October of Phase II netting,  projected to monthly  Phase III 
sampling,  projected wet water year (25% exceedance ), projected average water year (50% exceedance), and projected dry water year (75% exceedance) for all species recovered.  Data 
adjusted for passage survival. 
                                                          PHASE III   PHASE III   
                EXPANDED   PERCENT   EXPANDED   PERCENT     MONTHS      MONTHS    PROJECTED   PROJECTED     PROJECTED      PROJECTED    PROJECTED   PROJECTED 
                 NUMBER       BY     MASS(KG)      BY       TOTAL       TOTAL      WET YEAR    WET YEAR   AVERAGE YEAR   AVERAGE YEAR    DRY YEAR    DRY YEAR 
NAME             NETTED     NUMBER    NETTED      MASS      NUMBER     MASS(KG)     NUMBER     MASS(KG)      NUMBER        MASS(KG)       NUMBER     MASS(KG) 
 
THREADFIN SHAD   151542     71.13       588       26.81    2620563      10111       784313       3042        2926995         11409       3320245      12982 
BLUEBACK HERRING  54336     25.50      1383       63.04     636725      16151       163938       4171         805332         20432        880221      22319 
YELLOW PERCH       2371      1.11        34        1.55      43140        599        12300        165          57907           807         67173        941 
BLUEGILL           1762      0.83        16        0.73      34765        300         9764         81          42612           368         48027        415 
BLACK CRAPPIE       837      0.39        16        0.73      13864        277         3400         69          18215           353         21587        404 
WHITE PERCH         688      0.32        35        1.62      11826        616         2903        150          15402           810         18176        950 
GIZZARD SHAD        613      0.29        56        2.53      10428       1033         2950        290          12770          1285         14308       1484 
SPOTTAIL SHINER     340      0.16         3        0.11       4539         33          882          7           7272            54         10571         79 
WHITE CATFISH       166      0.08         8        0.34       2869        132          814         38           3327           154          3674        168 
WARMOUTH             72      0.03         2        0.11       1339         45          358         12           1697            56          1945         65 
STRIPED BASS         70      0.03        15        0.69       1060        241          191         49           1375           301          1801        366 
CHANNEL CATFISH      66      0.03         2        0.08       1149         33          313          8           1402            40          1526         44 
LARGEMOUTH BASS      39      0.02         1        0.05        731         16          210          2            899            18           979         24 
HYBRID BASS          36      0.02        24        1.11        607        401          147        102            781           528           931        637 
WHITE CRAPPIE        33      0.02         1        0.03        498         11           95          2            656            15           857         19 
BROWN BULLHEAD       31      0.01         3        0.14        616         52          184         15            733            63           791         68 
YELLOW BULLHEAD      10      0.00         0        0.02        139          6           41          2            165             7           179          8 
GOLDEN SHINER         7      0.00         0        0.00        135          2           37          1            155             2           174          3 
BLACK BULLHEAD        5      0.00         0        0.01         69          3           25          1             76             3            82          3 
BROWN TROUT           4      0.00         1        0.06         53         17           17          5             62            19            67         20 
CHAIN PICKEREL        4      0.00         0        0.00         70          0           18          0             94             0           114          0 
COASTAL SHINER        3      0.00         0        0.00         51          0           16          0             61             0            66          0 
TESSELATED DARTR      3      0.00         0        0.00         54          1           16          0             75             1            98          2 
BLUEHEAD CHUB         2      0.00         0        0.00         72          0           19          0             91             0            98          0 
CARP                  2      0.00         2        0.11         29         43            7         10             31            46            37         54 
COOSA BASS            2      0.00         1        0.05         29         18            7          4             30            19            36         23 
FLAT BULLHEAD         2      0.00         0        0.02         30          6           12          2             31             6            33          7 
GREEN SUNFISH         2      0.00         0        0.00         39          0            5          0             41             0            52          0 
MADTOM                2      0.00         0        0.00         32          0            3          0             34             0            48          0 
SPOTTED BASS          2      0.00         0        0.00         20          0            5          0             39             0            50          0 
AMERICAN EEL          1      0.00         0        0.00          9          1            2          0             11             1            13          2 
FLATHEAD CATFISH      1      0.00         0        0.00         27          0            9          0             31             0            34          0 
LONGNOSE GAR          1      0.00         1        0.06         14         20            5          7             14            21            16         23 
RAINBOW TROUT         1      0.00         0        0.02         20         14            5          4             25            18            27         19 
SILVER REDHORSE       1      0.00         1        0.04         12         12            2          3             22            23            36         38 
WHITE BASS            1      0.00         0        0.01          6          1            2          0             11             2            15          3 
RIVER CARPSUCKER      0      0.00         1        0.04          7         13            1          1              8            14            11         19 
TADPOLE MADTOM        0      0.00         0        0.00         11          0            4          0             13             0            14          0 
WHITEFIN SHINER       0      0.00         0        0.00          5          0            1          0             10             0            16          0 
               ========   =======   ========   =======   =========   =========   =========   =========   ============   ============   =========   ========= 
                 213058     99.97      2194      100.11    3385652      30208       983021       8243        3898505         36875       4394128      41189  
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Table 1-18.  Summary of Phase II data collection over 12 month period from August 1993 to August 1994.  Ratios represent the proportion of the catch made in the months of April, May, 
June, July, August, September, and October compared to the catch for the full annual cycle.  Data  corrected for passage survival.  Missing values indicate that a species was recovered in 
only one of the two Phases of sampling. 
                                             RATIO         RATIO     RATIO WET YR  RATIO WET YR  RATIO AVE. YR  RATIO AVE. YR  RATIO DRY YR  RATIO DRY YR 
                          NET      NET    APR-OCT TO    APR-OCT TO    APR-OCT TO    APR-OCT TO     APR-OCT TO     APR-OCT TO    APR-OCT TO    APR-OCT TO 
     COMMON              CATCH    CATCH  ANNUAL CATCH  ANNUAL CATCH  ANNUAL CATCH  ANNUAL CATCH   ANNUAL CATCH   ANNUAL CATCH  ANNUAL CATCH  ANNUAL CATCH 
OBS  NAME               APR-OCT  ANNUAL     NUMBERS         KG            NUM           KG             NU             KG            NUM           KG 
 
  1  THREADFIN SHAD      151542  198085     0.76504       0.89634       0.92202       0.97033       0.68995        0.85480        0.58116       0.78703 
  2  BLUEBACK HERRING     54336   55385     0.98106       0.97394       0.98845       0.98396       0.95967        0.94322        0.93944       0.91614 
  3  YELLOW PERCH          2371    3059     0.77509       0.80952       0.92732       0.93750       0.78119        0.81680        0.67545       0.72107 
  4  BLUEGILL              1762    1854     0.95038       0.88889       0.99430       0.96429       0.94201        0.87828        0.91207       0.82341 
  5  BLACK CRAPPIE          837     839     0.99762       1.00000       0.99941       1.00000       0.99726        1.00000        0.99534       0.99753 
  6  WHITE PERCH            688     697     0.98709       0.97222       0.99966       0.99338       0.98617        0.98301        0.97799       0.97336 
  7  GIZZARD SHAD           613    1126     0.54440       0.53846       0.73676       0.85294       0.52285        0.58409        0.37793       0.42327 
  8  SPOTTAIL SHINER        340     387     0.87855       1.00000       0.96817       1.00000       0.84470        0.83077        0.81416       0.79798 
  9  WHITE CATFISH          166     171     0.97076       1.00000       1.00000       1.00000       0.96323        0.96250        0.94326       0.93855 
 10  WARMOUTH                72      76     0.94737       1.00000       0.98623       1.00000       0.96366        0.93333        0.93375       0.91549 
 11  STRIPED BASS            70      82     0.85366       0.83333       0.97949       0.98000       0.81992        0.83611        0.75672       0.75464 
 12  CHANNEL CATFISH         66      67     0.98507       1.00000       1.00000       1.00000       0.97294        0.90909        0.95734       0.84615 
 13  LARGEMOUTH BASS         39      40     0.97500       1.00000       0.99526       1.00000       0.98144        1.00000        0.96739       1.00000 
 14  HYBRID BASS             36      50     0.72000       0.66667       0.93038       0.94444       0.71586        0.69565        0.60494       0.56222 
 15  WHITE CRAPPIE           33      48     0.68750       1.00000       1.00000       1.00000       0.73296        0.83333        0.59349       0.73077 
 16  BROWN BULLHEAD          31      31     1.00000       1.00000       1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 17  YELLOW BULLHEAD         10      10     1.00000        .            1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 18  GOLDEN SHINER            7       7     1.00000        .            1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 19  BLACK BULLHEAD           5       5     1.00000        .            1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 20  BROWN TROUT              4       4     1.00000       1.00000       1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 21  CHAIN PICKEREL           4       4     1.00000        .            1.00000        .            1.00000         .             1.00000        . 
 22  COASTAL SHINER           3       3     1.00000        .            1.00000        .            1.00000         .             1.00000        . 
 23  TESSELATED DARTR         3       4     0.75000        .            1.00000        .            0.87209        0.50000        0.80992       0.66667 
 24  BLUEHEAD CHUB            2       3     0.66667        .            1.00000        .            0.66423         .             0.54749        . 
 25  CARP                     2       2     1.00000       1.00000       1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 26  COOSA BASS               2       2     1.00000       1.00000       1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 27  FLAT BULLHEAD            2       2     1.00000        .            1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 28  GREEN SUNFISH            2       4     0.50000        .            1.00000        .            0.39806         .             0.31707        . 
 29  MADTOM                   2       2     1.00000        .            1.00000        .            1.00000         .             1.00000        . 
 30  SPOTTED BASS             2       3     0.66667        .            1.00000        .            0.52000        0.00000        0.40650       0.00000 
 31  AMERICAN EEL             1       1     1.00000        .            1.00000        .            1.00000        1.00000        1.00000       1.00000 
 32  FLATHEAD CATFISH         1       1     1.00000        .            1.00000        .            0.88571        0.00000        0.85000       0.00000 
 33  LONGNOSE GAR             1       1     1.00000       1.00000       1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 34  RAINBOW TROUT            1       1     1.00000        .            1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 35  SILVER REDHORSE          1       1     1.00000       1.00000       1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 36  WHITE BASS               1       2     0.50000        .            0.50000       0.00000       0.21154        0.22222        0.16129       0.20000 
 37  RIVER CARPSUCKER         0       0      .            1.00000       1.00000       1.00000       1.00000        1.00000        1.00000       1.00000 
 38  TADPOLE MADTOM           0       0      .             .            1.00000        .            1.00000         .             1.00000        . 
 39  WHITEFIN SHINER          0       2     0.00000        .            0.25000        .            0.27778         .             0.23529        . 
 40  NORTHERN HOGSUCKR        .       0      .             .             .             .             .              .              .             . 
                        =======  ====== 
                         213058  262061 
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Table 1-19 (continued).  Annual projected entrainment obtained by expanding Phase III entrainment using an expansion obtained from Phase II data.  The expansion factor was also applied 
to the mean hourly entrainment rate, by month, for projected entrainment for wet, average, and dry water years.  Projections for entrainment of 2 and 3 standard errors of the mean also 
provided. Data adjusted for passage survival. 
 
                        ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
                          WET YR          WET YR        WET YR       PII EXPANSION         WET YR            WET YR         WET YR       PII EXPANSION 
NAME                 ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      WET YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      WET YR (KG) 
 
THREADFIN SHAD          1077009.75      1462977.33    1655961.12        0.92202            1680.86          2262.11        2552.73          0.97033 
BLUEBACK HERRING          34121.18        64065.10      79036.05        0.98845             769.34          1447.22        1786.66          0.98396 
WHITE PERCH                4730.63         6837.35       7889.72        0.99966             277.84           409.71         475.15          0.99338 
BLACK CRAPPIE              3507.06         5664.33       6742.96        0.99941             142.00           223.00         263.00          1.00000 
BLUEGILL                   1927.99         2777.84       3203.27        0.99430              29.04            41.48          48.74          0.96429 
YELLOW PERCH                762.41         1221.80       1450.41        0.92732              13.87            21.33          25.60          0.93750 
GIZZARD SHAD               1578.53         3074.26       3822.12        0.73676              62.14           107.86         130.14          0.85294 
SPOTTAIL SHINER             415.22          692.03        829.40        0.96817               3.00             6.00           7.00          1.00000 
CHANNEL CATFISH             435.00          600.00        682.00        1.00000              18.00            26.00          30.00          1.00000 
LARGEMOUTH BASS             262.24          511.42        636.01        0.99526               1.00             2.00           2.00          1.00000 
STRIPED BASS                107.20          191.94        233.80        0.97949              12.24            20.41          24.49          0.98000 
WHITE CATFISH               196.00          316.00        376.00        1.00000               6.00            12.00          15.00          1.00000 
 
   ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ. 
    AVE. YR          AVE. YR       AVE. YR      PII EXPANSION         AVE. YR          AVE. YR        AVE. YR       PII EXPANSION         DRY YR 
ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      AVE. YR (#)     ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      AVE. YR (KG     ENTRAINMENT (#) 
 
   5763695.35      7830468.73    8863854.69        0.68995            8682.74          10428.18       11775.87         0.85480          7616835.07 
    237333.59       469273.68     585244.25        0.95967            7178.61          11164.96       13966.01         0.94322           313069.32 
     38582.60        56454.78      65391.38        0.98617            3554.39           3551.34        4126.10         0.98301            56175.25 
     24982.39        42529.42      51303.44        0.99726            1233.00           1559.00        1870.00         1.00000            33309.12 
      9662.28        14291.72      16606.97        0.94201             165.10            206.08         237.96         0.87828            11904.76 
      5821.91         9214.19      10910.33        0.78119             134.67            157.93         184.87         0.81680             8813.36 
      8283.50        16077.38      19973.36        0.52285             544.44            782.41         953.62         0.58409            12804.00 
      3450.94         5682.51       6798.88        0.84470              42.13             52.96          65.00         0.83077             4841.82 
      1868.57         2593.18       2954.98        0.97294              97.90            123.20         143.00         0.90909             2217.60 
      1120.80         2250.77       2816.27        0.98144               5.00              9.00          12.00         1.00000             1278.70 
       912.29         1511.13       1811.16        0.81992             172.23            179.40         210.50         0.83611             1394.17 
       705.96         1134.72       1348.59        0.96323              24.94             44.68          56.10         0.96250              807.84 
 
 ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
     DRY YR         DRY YR     PII EXPANSION         DRY YR            DRY YR         DRY YR       PII EXPANSION 
 + 2 SE (#)     + 3 SE (#)      DRY YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      DRY YR (KG) 
 
10375614.63    11755004.41        0.58116            9430.43          12777.21       14450.60         0.78703 
  625501.02      781716.34        0.93944            7390.79          15019.54       18833.37         0.91614 
   81782.79       94585.54        0.97799            3589.63           5263.21        6099.49         0.97336 
   57054.70       68926.99        0.99534            1236.05           2069.11        2485.14         0.99753 
   17716.79       20622.26        0.91207             176.10            259.89         301.19         0.82341 
   13860.35       16383.11        0.67545             152.55            232.99         273.20         0.72107 
   24758.64       30735.96        0.37793             751.29           1327.74        1618.34         0.42327 
    7948.11        9501.87        0.81416              43.86             75.19          91.48         0.79798 
    3085.63        3520.17        0.95734             105.18            154.82         179.64         0.84615 
    2585.30        3239.64        0.96739               5.00             11.00          14.00         1.00000 
    2270.32        2707.73        0.75672             190.82            288.88         337.91         0.75464 
    1296.57        1541.46        0.94326              25.57             51.14          63.93         0.93855 
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Table 1-19. (Continued).   
 
                        ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
                          WET YR          WET YR        WET YR       PII EXPANSION         WET YR            WET YR         WET YR       PII EXPANSION 
NAME                 ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      WET YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      WET YR (KG) 
 
HYBRID BASS                  39.77           68.79         82.76        0.93038              10.59            19.06          23.29          0.94444 
CHAIN PICKEREL               51.00          103.00        129.00        1.00000                .                .              .             . 
WHITE CRAPPIE                42.00           88.00        111.00        1.00000               4.00             9.00          12.00          1.00000 
WARMOUTH                     39.54           89.23        113.56        0.98623               1.00             3.00           4.00          1.00000 
GOLDEN SHINER                27.00           79.00        106.00        1.00000               0.00             0.00           0.00          1.00000 
SPOTTED BASS                 42.00          108.00        142.00        1.00000                .                .              .             . 
TESSELATED DARTR             24.00           77.00        104.00        1.00000                .                .              .             . 
REDEAR                         .               .             .           .                     .                .              .             . 
SILVER REDHORSE               9.00           45.00         63.00        1.00000               0.00             2.00           2.00          1.00000 
WHITEFIN SHINER              40.00          184.00        260.00        0.25000                .                .              .             . 
REDBREAST                      .               .             .           .                     .                .              .             . 
GREEN SUNFISH                 5.00           18.00         24.00        1.00000                .                .              .             . 
 
   ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ. 
    AVE. YR          AVE. YR       AVE. YR      PII EXPANSION         AVE. YR          AVE. YR        AVE. YR       PII EXPANSION         DRY YR 
ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      AVE. YR (#)     ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      AVE. YR (KG     ENTRAINMENT (#) 
 
       494.51          852.13       1030.93        0.71586             194.06            234.31         286.06         0.69565              884.39 
       359.00          722.00        903.00        1.00000                .                 .              .            .                   457.00 
       327.44          679.44        855.43        0.73296              34.80             56.40          72.00         0.83333              540.87 
       259.43          551.03        696.31        0.96366              13.93             23.57          30.00         0.93333              344.85 
       180.00          535.00        712.00        1.00000               1.00              1.00           2.00         1.00000              233.00 
       225.00          598.08        784.62        0.52000                .                 .              .           0.00000              309.96 
       126.13          417.39        563.01        0.87209               2.00              8.00          10.00         0.50000              155.57 
          .               .             .           .                     .                 .              .            .                      . 
        74.00          372.00        521.00        1.00000               5.00             19.00          27.00         1.00000               95.00 
       255.60         1198.80       1670.40        0.27778                .                 .              .            .                   378.25 
          .               .             .           .                     .                 .              .            .                      . 
       110.54          417.02        567.76        0.39806                .                 .              .            .                   205.00 
 
 ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
     DRY YR         DRY YR     PII EXPANSION         DRY YR            DRY YR         DRY YR       PII EXPANSION 
 + 2 SE (#)     + 3 SE (#)      DRY YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      DRY YR (KG) 
 
    1499.33        1806.80        0.60494             240.12            430.43         526.48         0.56222 
     917.00        1147.00        1.00000                .                 .              .            . 
    1112.07        1398.51        0.59349              39.68             83.47         105.37         0.73077 
     725.03         915.66        0.93375              14.20             31.68          41.51         0.91549 
     688.00         916.00        1.00000               1.00              2.00           2.00         1.00000 
     829.02        1089.78        0.40650                .                 .              .           0.00000 
     518.57         700.07        0.80992               1.50              6.00           9.00         0.66667 
        .              .           .                     .                 .              .            . 
     476.00         666.00        1.00000               5.00             27.00          38.00         1.00000 
    1780.75        2482.00        0.23529                .                 .              .            . 
        .              .           .                     .                 .              .            . 
     766.38        1047.08        0.31707                .                 .              .            . 
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Table 1-19. (Continued).   
 
                        ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
                          WET YR          WET YR        WET YR       PII EXPANSION         WET YR            WET YR         WET YR       PII EXPANSION 
NAME                 ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      WET YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      WET YR (KG) 
BROWN BULLHEAD               14.00           32.00         42.00        1.00000               0.00             0.00           1.00          1.00000 
LONGNOSE GAR                  9.00           23.00         31.00        1.00000               1.00             2.00           3.00          1.00000 
BLACK BULLHEAD               12.00           32.00         42.00        1.00000               0.00             1.00           1.00          1.00000 
WHITE BASS                   16.00           54.00         74.00        0.50000                .                .              .            0.00000 
BLACKBANDED DARTR              .               .             .           .                     .                .              .             . 
CREEK CHUB                     .               .             .           .                     .                .              .             . 
RIVER CHUB                     .               .             .           .                     .                .              .             . 
STRIPED KILLIFISH              .               .             .           .                     .                .              .             . 
FLATHEAD CATFISH              6.00           17.00         22.00        1.00000                .                .              .             . 
FLIER                          .               .             .           .                     .                .              .             . 
NORTHERN HOGSUCKR              .               .             .           .                     .                .              .             . 
YELLOW BULLHEAD               1.00            8.00         11.00        1.00000               0.00             0.00           0.00          1.00000 
TADPOLE MADTOM                 .               .             .          1.00000                .                .              .             . 
 
   ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ. 
    AVE. YR          AVE. YR       AVE. YR      PII EXPANSION         AVE. YR          AVE. YR        AVE. YR       PII EXPANSION         DRY YR 
ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      AVE. YR (#)     ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      AVE. YR (KG     ENTRAINMENT (#) 
 
        52.00          120.00        153.00        1.00000               1.00              2.00           3.00         1.00000               57.00 
        50.00          133.00        175.00        1.00000               3.00              7.00           9.00         1.00000               61.00 
        36.00           96.00        127.00        1.00000               1.00              3.00           4.00         1.00000               39.00 
       165.45          581.45        794.18        0.21154              27.00             72.00          99.00         0.22222              248.00 
          .               .             .           .                     .                 .              .            .                      . 
          .               .             .           .                     .                 .              .            .                      . 
          .               .             .           .                     .                 .              .            .                      . 
          .               .             .           .                     .                 .              .            .                      . 
        19.19           59.84         79.03        0.88571                .                 .              .           0.00000               21.18 
          .               .             .           .                     .                 .              .            .                      . 
          .               .             .           .                     .                 .              .            .                      . 
         7.00           39.00         55.00        1.00000               0.00              1.00           1.00         1.00000                8.00 
          .               .             .          1.00000                .                 .              .            .                      . 
 
 ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
     DRY YR         DRY YR     PII EXPANSION         DRY YR            DRY YR         DRY YR       PII EXPANSION 
 
 + 2 SE (#)     + 3 SE (#)      DRY YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      DRY YR (KG) 
     132.00         169.00        1.00000               1.00              3.00           4.00         1.00000 
     164.00         215.00        1.00000               3.00              8.00          10.00         1.00000 
     106.00         140.00        1.00000               1.00              4.00           5.00         1.00000 
     892.80        1215.20        0.16129              30.00            110.00         145.00         0.20000 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
      67.06          89.41        0.85000                .                 .              .           0.00000 
        .              .           .                     .                 .              .            . 
        .              .           .                     .                 .              .            . 
 
      43.00          60.00        1.00000               0.00              1.00           1.00         1.00000 
        .              .          1.00000                .                 .              .            . 
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Table 1-19.  (Concluded).  
 
                        ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
                          WET YR          WET YR        WET YR       PII EXPANSION         WET YR            WET YR         WET YR       PII EXPANSION 
NAME                 ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      WET YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      WET YR (KG) 
 
AMERICAN EEL                   .               .             .          1.00000                .                .              .             . 
BLUEHEAD CHUB                  .               .             .          1.00000                .                .              .             . 
BROWN TROUT                    .               .             .          1.00000                .                .              .            1.00000 
CARP                           .               .             .          1.00000                .                .              .            1.00000 
COASTAL SHINER                 .               .             .          1.00000                .                .              .             . 
COOSA BASS                     .               .             .          1.00000                .                .              .            1.00000 
FLAT BULLHEAD                  .               .             .          1.00000                .                .              .            1.00000 
MADTOM                         .               .             .          1.00000                .                .              .             . 
RAINBOW TROUT                  .               .             .          1.00000                .                .              .            1.00000 
RIVER CARPSUCKER               .               .             .          1.00000                .                .              .            1.00000 
                     ===============    ==========    ==========                      ================    ===========    =========== 
                        1125430.52      1549955.42    1762220.19                           3031.92          4615.18        5406.80 
 
   ANN. PROJ.      ANN. PROJ.    ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ. 
    AVE. YR          AVE. YR       AVE. YR      PII EXPANSION         AVE. YR          AVE. YR        AVE. YR       PII EXPANSION         DRY YR 
ENTRAINMENT (#)    + 2 SE (#)    + 3 SE (#)      AVE. YR (#)     ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      AVE. YR (KG     ENTRAINMENT (#) 
 
          .               .             .          1.00000                .                 .              .           1.00000                 . 
          .               .             .          0.66423                .                 .              .            .                      . 
          .               .             .          1.00000                .                 .              .           1.00000                 . 
          .               .             .          1.00000                .                 .              .           1.00000                 . 
          .               .             .          1.00000                .                 .              .            .                      . 
          .               .             .          1.00000                .                 .              .           1.00000                 . 
          .               .             .          1.00000                .                 .              .           1.00000                 . 
          .               .             .          1.00000                .                 .              .            .                      . 
          .               .             .          1.00000                .                 .              .           1.00000                 . 
          .               .             .          1.00000                .                 .              .           1.00000                 . 
===============    ==========    ==========                      ================    ===========    ===========                      =============== 
   6099161.48      8458854.38    9638701.96                          22117.93          28686.44       34144.10                          8067489.06 
 
 ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL       ANN. PROJ.        ANN. PROJ.     ANN. PROJ.    PARTIAL/ANNUAL 
     DRY YR         DRY YR     PII EXPANSION         DRY YR            DRY YR         DRY YR       PII EXPANSION 
 + 2 SE (#)     + 3 SE (#)      DRY YR (#)      ENTRAINMENT (KG)    + 2 SE (KG)    + 3 SE (KG)      DRY YR (KG) 
 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          0.54749                .                 .              .            . 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .            . 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .            . 
        .              .          1.00000                .                 .              .           1.00000 
        .              .          1.00000                .                 .              .           1.00000 
===========    ===========                      ================    ===========    =========== 
11224191.88    12802543.00                          23433.77          38237.30       45635.62 
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Table 1-20.  (Continued).   Summaries of netting data collected during Phase II (August 1993 to August 1994), PrePhase III (September 1994 to March 1996).  Comparison of mean 
monthly species entrainment rates (num/hour) for pumpback units.  Rates for units 6,7,& 8 are doubled to expand for unsampled bay.  Sampling rate of 0.0 indicates no members of 
that species were collected for that unit.  Data not adjusted for survival. 
 
QUARTER=JUL 1993 TO SEP 1993 MONTH=AUGUST 


    UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED  
 
   AUGUST BLUEBACK HERRING     1043.46    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0    
   AUGUST THREADFIN SHAD        304.77    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0    
   AUGUST BLUEGILL                1.58    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0    
   AUGUST WHITE CATFISH           1.49    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0    
   AUGUST YELLOW PERCH            0.75    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0    
   AUGUST YELLOW BULLHEAD         0.43    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
   AUGUST CHANNEL CATFISH         0.40    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
   AUGUST BROWN BULLHEAD          0.33    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST SPOTTAIL SHINER         0.25    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST GIZZARD SHAD            0.20    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BROWN TROUT             0.19    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLACK BULLHEAD          0.13    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WHITE PERCH             0.09    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST STRIPED BASS            0.09    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WARMOUTH                0.08    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST LARGEMOUTH BASS         0.07    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST HYBRID BASS             0.04    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST AMERICAN EEL            0.04    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST TESSELATED DARTR        0.03    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST RAINBOW TROUT           0.02    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLACK CRAPPIE           0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLACKBANDED DARTR       0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLUEHEAD CHUB           0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST CARP                    0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST CHAIN PICKEREL          0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST COASTAL SHINER          0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST COOSA BASS              0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST FLAT BULLHEAD           0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST FLATHEAD CATFISH        0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST GOLDEN SHINER           0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST GREEN SUNFISH           0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST LONGNOSE GAR            0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST MADTOM                  0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST MARGINED MADTOM         0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST NORTHERN HOGSUCKR       0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST REDBREAST               0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST REDEAR                  0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST RIVER CARPSUCKER        0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST SILVER REDHORSE         0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       1354.44                          0.00                          0.00                          0.00                     
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Table 20 (Continued). 
 
QUARTER=JUL 1993 TO SEP 1993 MONTH=SEPTEMBER 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED  
 
SEPTEMBER THREADFIN SHAD       1588.76    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
SEPTEMBER BLUEBACK HERRING       24.41    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0    
SEPTEMBER WHITE CATFISH           4.05    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0    
SEPTEMBER GIZZARD SHAD            2.98    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0    
SEPTEMBER BLUEGILL                2.81    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0    
SEPTEMBER YELLOW PERCH            0.87    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
SEPTEMBER CHANNEL CATFISH         0.74    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
SEPTEMBER BLACK BULLHEAD          0.27    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER BROWN BULLHEAD          0.24    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER FLAT BULLHEAD           0.16    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER YELLOW BULLHEAD         0.15    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER SPOTTAIL SHINER         0.15    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER WHITE PERCH             0.15    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER BROWN TROUT             0.13    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER GOLDEN SHINER           0.10    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER COASTAL SHINER          0.10    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER LARGEMOUTH BASS         0.08    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER LONGNOSE GAR            0.07    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER WARMOUTH                0.05    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER HYBRID BASS             0.04    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER TESSELATED DARTR        0.04    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER COOSA BASS              0.02    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER CARP                    0.02    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER STRIPED BASS            0.02    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER AMERICAN EEL            0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER BLACK CRAPPIE           0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER BLACKBANDED DARTR       0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER BLUEHEAD CHUB           0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER CHAIN PICKEREL          0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER FLATHEAD CATFISH        0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER GREEN SUNFISH           0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER MADTOM                  0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER MARGINED MADTOM         0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER NORTHERN HOGSUCKR       0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER RAINBOW TROUT           0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER REDBREAST               0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER REDEAR                  0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER RIVER CARPSUCKER        0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER SILVER REDHORSE         0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER SPOTTED BASS            0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER TADPOLE MADTOM          0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER WHITE BASS              0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER WHITE CRAPPIE           0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER WHITEFIN SHINER         0.00    44.290     7          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       1626.42                          0.00                          0.00                          0.00                     
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Table 20 (Continued). 
 
QUARTER=OCT 1993 TO DEC 1993 MONTH=OCTOBER 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED  
 
  OCTOBER THREADFIN SHAD        916.40    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
  OCTOBER BLUEBACK HERRING       14.35    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
  OCTOBER WHITE CATFISH           9.92    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
  OCTOBER BLUEGILL                3.35    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
  OCTOBER CHANNEL CATFISH         1.60    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
  OCTOBER GIZZARD SHAD            0.92    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
  OCTOBER SPOTTAIL SHINER         0.53    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
  OCTOBER WHITE PERCH             0.41    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
  OCTOBER STRIPED BASS            0.38    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
  OCTOBER YELLOW PERCH            0.20    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER HYBRID BASS             0.18    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER GOLDEN SHINER           0.09    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER YELLOW BULLHEAD         0.09    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER BROWN BULLHEAD          0.09    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER GREEN SUNFISH           0.08    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER WARMOUTH                0.08    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER AMERICAN EEL            0.08    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER BLACK CRAPPIE           0.08    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER CARP                    0.04    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER COOSA BASS              0.04    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER LONGNOSE GAR            0.04    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER BLACK BULLHEAD          0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER BLACKBANDED DARTR       0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER BLUEHEAD CHUB           0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER BROWN TROUT             0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER CHAIN PICKEREL          0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER COASTAL SHINER          0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER FLAT BULLHEAD           0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER FLATHEAD CATFISH        0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER LARGEMOUTH BASS         0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER MADTOM                  0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER MARGINED MADTOM         0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER NORTHERN HOGSUCKR       0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER RAINBOW TROUT           0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER REDBREAST               0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER REDEAR                  0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER RIVER CARPSUCKER        0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER SILVER REDHORSE         0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER SPOTTED BASS            0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER TADPOLE MADTOM          0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER TESSELATED DARTR        0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER WHITE BASS              0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER WHITE CRAPPIE           0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER WHITEFIN SHINER         0.00    25.700     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        948.94                          0.00                          0.00                          0.00                     
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Table 20 (Continued). 
 
QUARTER=OCT 1993 TO DEC 1993 MONTH=NOVEMBER 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED   
 
 NOVEMBER THREADFIN SHAD        279.95    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
 NOVEMBER BLUEGILL                9.01    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
 NOVEMBER BLUEBACK HERRING        7.75    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
 NOVEMBER WHITE CATFISH           6.43    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
 NOVEMBER CHANNEL CATFISH         1.99    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
 NOVEMBER GIZZARD SHAD            1.58    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
 NOVEMBER SPOTTAIL SHINER         1.20    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
 NOVEMBER WHITE PERCH             0.75    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
 NOVEMBER STRIPED BASS            0.75    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
 NOVEMBER YELLOW PERCH            0.60    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
 NOVEMBER GREEN SUNFISH           0.31    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER HYBRID BASS             0.22    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER FLATHEAD CATFISH        0.18    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER BLUEHEAD CHUB           0.16    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER AMERICAN EEL            0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER BLACK BULLHEAD          0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER BLACK CRAPPIE           0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER BLACKBANDED DARTR       0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER BROWN BULLHEAD          0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER BROWN TROUT             0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER CARP                    0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER CHAIN PICKEREL          0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER COASTAL SHINER          0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER COOSA BASS              0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER FLAT BULLHEAD           0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER GOLDEN SHINER           0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER LARGEMOUTH BASS         0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER LONGNOSE GAR            0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER MADTOM                  0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER MARGINED MADTOM         0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER NORTHERN HOGSUCKR       0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER RAINBOW TROUT           0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER REDBREAST               0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER REDEAR                  0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER RIVER CARPSUCKER        0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER SILVER REDHORSE         0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER SPOTTED BASS            0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER TADPOLE MADTOM          0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER TESSELATED DARTR        0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER WARMOUTH                0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER WHITE BASS              0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER WHITE CRAPPIE           0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER WHITEFIN SHINER         0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER YELLOW BULLHEAD         0.00    13.330     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                   
     SUM                        310.90                          0.00                          0.00                          0.00                    
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Table 20 (Continued). 
 
QUARTER=OCT 1993 TO DEC 1993 MONTH=DECEMBER 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED  
 
 DECEMBER THREADFIN SHAD        717.33    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0    
 DECEMBER BLUEBACK HERRING       66.57    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
 DECEMBER BLUEGILL                3.18    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
 DECEMBER SPOTTAIL SHINER         2.96    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
 DECEMBER YELLOW PERCH            2.05    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
 DECEMBER WHITE CATFISH           1.78    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
 DECEMBER CHANNEL CATFISH         1.24    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
 DECEMBER GIZZARD SHAD            0.94    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
 DECEMBER HYBRID BASS             0.49    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
 DECEMBER BROWN BULLHEAD          0.21    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLACK CRAPPIE           0.19    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER STRIPED BASS            0.16    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER AMERICAN EEL            0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLACK BULLHEAD          0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLACKBANDED DARTR       0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLUEHEAD CHUB           0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BROWN TROUT             0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER CARP                    0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER CHAIN PICKEREL          0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER COASTAL SHINER          0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER COOSA BASS              0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER FLAT BULLHEAD           0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER FLATHEAD CATFISH        0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER GOLDEN SHINER           0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER GREEN SUNFISH           0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER LARGEMOUTH BASS         0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER LONGNOSE GAR            0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER MADTOM                  0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER MARGINED MADTOM         0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER NORTHERN HOGSUCKR       0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER RAINBOW TROUT           0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER REDBREAST               0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER REDEAR                  0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER RIVER CARPSUCKER        0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER SILVER REDHORSE         0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER SPOTTED BASS            0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER TADPOLE MADTOM          0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER TESSELATED DARTR        0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WARMOUTH                0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WHITE BASS              0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WHITE CRAPPIE           0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WHITE PERCH             0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WHITEFIN SHINER         0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER YELLOW BULLHEAD         0.00    12.250     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        797.08                          0.00                          0.00                          0.00                     
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Table 20 (Continued). 
 
QUARTER=JAN 1994 TO MAR 1994 MONTH=JANUARY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED  
 
  JANUARY THREADFIN SHAD       2167.20    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0    
  JANUARY YELLOW PERCH           66.78    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
  JANUARY BLUEBACK HERRING       33.72    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
  JANUARY SPOTTAIL SHINER         7.96    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
  JANUARY BLUEGILL                0.94    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
  JANUARY WHITE CATFISH           0.75    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
  JANUARY CHANNEL CATFISH         0.60    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
  JANUARY BROWN BULLHEAD          0.37    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
  JANUARY HYBRID BASS             0.16    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY STRIPED BASS            0.11    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY SPOTTED BASS            0.11    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY TESSELATED DARTR        0.11    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY WHITE BASS              0.08    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY AMERICAN EEL            0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY BLACK BULLHEAD          0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY BLACK CRAPPIE           0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY BLACKBANDED DARTR       0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY BLUEHEAD CHUB           0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY BROWN TROUT             0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY CARP                    0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY CHAIN PICKEREL          0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY COASTAL SHINER          0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY COOSA BASS              0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY FLAT BULLHEAD           0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY FLATHEAD CATFISH        0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY GIZZARD SHAD            0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY GOLDEN SHINER           0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY GREEN SUNFISH           0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY LARGEMOUTH BASS         0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY LONGNOSE GAR            0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY MADTOM                  0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY MARGINED MADTOM         0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY NORTHERN HOGSUCKR       0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY RAINBOW TROUT           0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY REDBREAST               0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY REDEAR                  0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY RIVER CARPSUCKER        0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY SILVER REDHORSE         0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY TADPOLE MADTOM          0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY WARMOUTH                0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY WHITE CRAPPIE           0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY WHITE PERCH             0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY WHITEFIN SHINER         0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY YELLOW BULLHEAD         0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       2278.89                          0.00                          0.00                          0.00                     
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Table 20 (Continued). 
 
QUARTER=JAN 1994 TO MAR 1994 MONTH=FEBRUARY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED   
 
 FEBRUARY THREADFIN SHAD       2315.90    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
 FEBRUARY YELLOW PERCH          161.68    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        
 FEBRUARY GIZZARD SHAD           47.99    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        
 FEBRUARY BLUEBACK HERRING       17.84    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY SPOTTAIL SHINER         1.63    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLUEGILL                0.67    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITEFIN SHINER         0.47    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY CHANNEL CATFISH         0.36    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY HYBRID BASS             0.22    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITE BASS              0.18    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BROWN BULLHEAD          0.17    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WARMOUTH                0.15    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY LARGEMOUTH BASS         0.10    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY NORTHERN HOGSUCKR       0.09    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY STRIPED BASS            0.07    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITE PERCH             0.07    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY AMERICAN EEL            0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLACK BULLHEAD          0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLACK CRAPPIE           0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLACKBANDED DARTR       0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLUEHEAD CHUB           0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BROWN TROUT             0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY CARP                    0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY CHAIN PICKEREL          0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY COASTAL SHINER          0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY COOSA BASS              0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY FLAT BULLHEAD           0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY FLATHEAD CATFISH        0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY GOLDEN SHINER           0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY GREEN SUNFISH           0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY LONGNOSE GAR            0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY MADTOM                  0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY MARGINED MADTOM         0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY RAINBOW TROUT           0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY REDBREAST               0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY REDEAR                  0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY RIVER CARPSUCKER        0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY SILVER REDHORSE         0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY SPOTTED BASS            0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY TADPOLE MADTOM          0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY TESSELATED DARTR        0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITE CATFISH           0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITE CRAPPIE           0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY YELLOW BULLHEAD         0.00    13.440     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                   
     SUM                       2547.60                          0.00                          0.00                          0.00                    
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Table 20 (Continued). 
 
QUARTER=JAN 1994 TO MAR 1994 MONTH=MARCH 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED  
 
    MARCH YELLOW PERCH           63.96    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
    MARCH GIZZARD SHAD            8.52    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
    MARCH THREADFIN SHAD          4.81    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
    MARCH WHITE CRAPPIE           4.16    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0    
    MARCH SPOTTAIL SHINER         3.48    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
    MARCH BLUEGILL                3.22    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
    MARCH HYBRID BASS             1.20    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0    
    MARCH BLUEBACK HERRING        0.96    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0    
    MARCH STRIPED BASS            0.90    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLACK CRAPPIE           0.45    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WHITE PERCH             0.45    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WARMOUTH                0.39    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BROWN BULLHEAD          0.21    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WHITE CATFISH           0.18    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH SPOTTED BASS            0.16    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH GREEN SUNFISH           0.11    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH TESSELATED DARTR        0.11    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH AMERICAN EEL            0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLACK BULLHEAD          0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLACKBANDED DARTR       0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLUEHEAD CHUB           0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BROWN TROUT             0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH CARP                    0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH CHAIN PICKEREL          0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH CHANNEL CATFISH         0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH COASTAL SHINER          0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH COOSA BASS              0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH FLAT BULLHEAD           0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH FLATHEAD CATFISH        0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH GOLDEN SHINER           0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH LARGEMOUTH BASS         0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH LONGNOSE GAR            0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH MADTOM                  0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH MARGINED MADTOM         0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH NORTHERN HOGSUCKR       0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH RAINBOW TROUT           0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH REDBREAST               0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH REDEAR                  0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH RIVER CARPSUCKER        0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH SILVER REDHORSE         0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH TADPOLE MADTOM          0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WHITE BASS              0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WHITEFIN SHINER         0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH YELLOW BULLHEAD         0.00    12.530     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                         93.29                          0.00                          0.00                          0.00                     
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Table 20 (Continued). 
 
QUARTER=APR 1994 TO JUN 1994 MONTH=APRIL 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED  
 
    APRIL SPOTTAIL SHINER        63.88    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
    APRIL THREADFIN SHAD         17.75    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
    APRIL YELLOW PERCH           11.45    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
    APRIL BLUEGILL               10.31    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
    APRIL BLUEBACK HERRING        6.78    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
    APRIL BLACK CRAPPIE           4.45    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
    APRIL WHITE PERCH             3.83    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
    APRIL GIZZARD SHAD            3.45    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
    APRIL WHITE CRAPPIE           1.52    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
    APRIL STRIPED BASS            1.44    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
    APRIL HYBRID BASS             0.88    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
    APRIL TESSELATED DARTR        0.61    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
    APRIL WARMOUTH                0.47    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
    APRIL CHANNEL CATFISH         0.41    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
    APRIL BROWN BULLHEAD          0.21    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL WHITEFIN SHINER         0.18    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL SILVER REDHORSE         0.16    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL AMERICAN EEL            0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BLACK BULLHEAD          0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BLACKBANDED DARTR       0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BLUEHEAD CHUB           0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BROWN TROUT             0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL CARP                    0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL CHAIN PICKEREL          0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL COASTAL SHINER          0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL COOSA BASS              0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL FLAT BULLHEAD           0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL FLATHEAD CATFISH        0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL GOLDEN SHINER           0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL GREEN SUNFISH           0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL LARGEMOUTH BASS         0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL LONGNOSE GAR            0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL MADTOM                  0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL MARGINED MADTOM         0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL NORTHERN HOGSUCKR       0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL RAINBOW TROUT           0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL REDBREAST               0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL REDEAR                  0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL RIVER CARPSUCKER        0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL SPOTTED BASS            0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL TADPOLE MADTOM          0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL WHITE BASS              0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL WHITE CATFISH           0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL YELLOW BULLHEAD         0.00    12.550     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        127.79                          0.00                          0.00                          0.00                     
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Table 20 (Continued). 
 
QUARTER=APR 1994 TO JUN 1994 MONTH=MAY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED  
 
      MAY THREADFIN SHAD        369.07    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
      MAY BLUEBACK HERRING       79.08    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
      MAY YELLOW PERCH           36.64    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
      MAY BLACK CRAPPIE          24.02    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
      MAY SPOTTAIL SHINER        21.28    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
      MAY BLUEGILL               15.48    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
      MAY WHITE PERCH            10.58    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
      MAY STRIPED BASS            2.01    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
      MAY WHITE CRAPPIE           1.80    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
      MAY WARMOUTH                0.91    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
      MAY GIZZARD SHAD            0.59    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
      MAY WHITE CATFISH           0.54    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
      MAY CHAIN PICKEREL          0.21    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY GOLDEN SHINER           0.18    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY CHANNEL CATFISH         0.17    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY HYBRID BASS             0.12    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BROWN BULLHEAD          0.09    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY MADTOM                  0.09    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY YELLOW BULLHEAD         0.07    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY LARGEMOUTH BASS         0.05    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY RIVER CARPSUCKER        0.04    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY AMERICAN EEL            0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BLACK BULLHEAD          0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BLACKBANDED DARTR       0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BLUEHEAD CHUB           0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BROWN TROUT             0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY CARP                    0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY COASTAL SHINER          0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY COOSA BASS              0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY FLAT BULLHEAD           0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY FLATHEAD CATFISH        0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY GREEN SUNFISH           0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY LONGNOSE GAR            0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY MARGINED MADTOM         0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY NORTHERN HOGSUCKR       0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY RAINBOW TROUT           0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY REDBREAST               0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY REDEAR                  0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY SILVER REDHORSE         0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY SPOTTED BASS            0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY TADPOLE MADTOM          0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY TESSELATED DARTR        0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY WHITE BASS              0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY WHITEFIN SHINER         0.00    24.120     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        563.01                          0.00                          0.00                          0.00                     
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Table 20 (Continued). 
 
QUARTER=APR 1994 TO JUN 1994 MONTH=JUNE 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED  
 
     JUNE THREADFIN SHAD        401.14    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
     JUNE YELLOW PERCH           50.90    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
     JUNE BLUEBACK HERRING       50.60    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0    
     JUNE BLACK CRAPPIE          18.74    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
     JUNE BLUEGILL               15.52    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
     JUNE WHITE PERCH            10.53    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
     JUNE SPOTTAIL SHINER         5.09    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
     JUNE STRIPED BASS            0.81    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
     JUNE WARMOUTH                0.75    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
     JUNE GIZZARD SHAD            0.42    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0     
     JUNE CHANNEL CATFISH         0.21    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WHITE CRAPPIE           0.19    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WHITE CATFISH           0.16    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE LARGEMOUTH BASS         0.15    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE SPOTTED BASS            0.15    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE CHAIN PICKEREL          0.11    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WHITE BASS              0.04    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE AMERICAN EEL            0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BLACK BULLHEAD          0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BLACKBANDED DARTR       0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BLUEHEAD CHUB           0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BROWN BULLHEAD          0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BROWN TROUT             0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE CARP                    0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE COASTAL SHINER          0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE COOSA BASS              0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE FLAT BULLHEAD           0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE FLATHEAD CATFISH        0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE GOLDEN SHINER           0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE GREEN SUNFISH           0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE HYBRID BASS             0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE LONGNOSE GAR            0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE MADTOM                  0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE MARGINED MADTOM         0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE NORTHERN HOGSUCKR       0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE RAINBOW TROUT           0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE REDBREAST               0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE REDEAR                  0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE RIVER CARPSUCKER        0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE SILVER REDHORSE         0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE TADPOLE MADTOM          0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE TESSELATED DARTR        0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WHITEFIN SHINER         0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE YELLOW BULLHEAD         0.00    23.250     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        555.50                          0.00                          0.00                          0.00                     
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Table 20 (Continued). 
 
QUARTER=JUL 1994 TO SEP 1994 MONTH=JULY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED  
 
     JULY THREADFIN SHAD       1128.16    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
     JULY YELLOW PERCH           96.22    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
     JULY BLUEGILL               31.56    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
     JULY WHITE PERCH             7.84    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
     JULY BLACK CRAPPIE           6.73    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
     JULY BLUEBACK HERRING        5.64    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
     JULY WHITE CATFISH           2.24    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
     JULY GIZZARD SHAD            2.10    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        
     JULY BROWN BULLHEAD          1.76    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        
     JULY WARMOUTH                0.90    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        
     JULY LARGEMOUTH BASS         0.75    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
     JULY SPOTTAIL SHINER         0.64    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
     JULY CHANNEL CATFISH         0.48    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
     JULY GOLDEN SHINER           0.21    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
     JULY FLATHEAD CATFISH        0.17    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY CHAIN PICKEREL          0.16    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY YELLOW BULLHEAD         0.14    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY HYBRID BASS             0.12    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY TESSELATED DARTR        0.11    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY TADPOLE MADTOM          0.07    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY STRIPED BASS            0.06    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY AMERICAN EEL            0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BLACK BULLHEAD          0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BLACKBANDED DARTR       0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BLUEHEAD CHUB           0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BROWN TROUT             0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY CARP                    0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY COASTAL SHINER          0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY COOSA BASS              0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY FLAT BULLHEAD           0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY GREEN SUNFISH           0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY LONGNOSE GAR            0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY MADTOM                  0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY MARGINED MADTOM         0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY NORTHERN HOGSUCKR       0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY RAINBOW TROUT           0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY REDBREAST               0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY REDEAR                  0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY RIVER CARPSUCKER        0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY SILVER REDHORSE         0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY SPOTTED BASS            0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WHITE BASS              0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WHITE CRAPPIE           0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WHITEFIN SHINER         0.00    22.890     4          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       1286.05                          0.00                          0.00                          0.00                     
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Table 20 (Continued). 
 
QUARTER=JUL 1994 TO SEP 1994 MONTH=AUGUST 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED  
   AUGUST THREADFIN SHAD         94.35    14.570     3          0.00     0.00      0          0.00     0.00       0       187.54    16.18       4    
   AUGUST YELLOW PERCH           66.55    14.570     3          0.00     0.00      0          0.00     0.00       0        42.34    16.18       4    
   AUGUST BLUEGILL               36.82    14.570     3          0.00     0.00      0          0.00     0.00       0        10.72    16.18       4    
   AUGUST BLUEBACK HERRING       22.07    14.570     3          0.00     0.00      0          0.00     0.00       0        21.43    16.18       4    
   AUGUST BLACK CRAPPIE           0.85    14.570     3          0.00     0.00      0          0.00     0.00       0        22.95    16.18       4    
   AUGUST WHITE PERCH            17.40    14.570     3          0.00     0.00      0          0.00     0.00       0         6.18    16.18       4    
   AUGUST GIZZARD SHAD            2.21    14.570     3          0.00     0.00      0          0.00     0.00       0        19.96    16.18       4    
   AUGUST WHITE CATFISH           8.35    14.570     3          0.00     0.00      0          0.00     0.00       0         6.42    16.18       4    
   AUGUST CHANNEL CATFISH         6.60    14.570     3          0.00     0.00      0          0.00     0.00       0         4.16    16.18       4    
   AUGUST BROWN BULLHEAD          1.84    14.570     3          0.00     0.00      0          0.00     0.00       0         1.21    16.18       4    
   AUGUST WARMOUTH                1.89    14.570     3          0.00     0.00      0          0.00     0.00       0         0.53    16.18       4    
   AUGUST LARGEMOUTH BASS         0.88    14.570     3          0.00     0.00      0          0.00     0.00       0         0.85    16.18       4    
   AUGUST HYBRID BASS             0.06    14.570     3          0.00     0.00      0          0.00     0.00       0         1.55    16.18       4    
   AUGUST SPOTTAIL SHINER         0.10    14.570     3          0.00     0.00      0          0.00     0.00       0         1.30    16.18       4    
   AUGUST STRIPED BASS            0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         1.03    16.18       4    
   AUGUST WHITE CRAPPIE           0.23    14.570     3          0.00     0.00      0          0.00     0.00       0         0.69    16.18       4    
   AUGUST GOLDEN SHINER           0.10    14.570     3          0.00     0.00      0          0.00     0.00       0         0.43    16.18       4    
   AUGUST BLUEHEAD CHUB           0.47    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0    
   AUGUST COASTAL SHINER          0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.44    16.18       4    
   AUGUST YELLOW BULLHEAD         0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.26    16.18       4         
   AUGUST RAINBOW TROUT           0.11    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST AMERICAN EEL            0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLACK BULLHEAD          0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST BLACKBANDED DARTR       0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLUE CATFISH            0.00     0.000     0          0.00     0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST BROWN TROUT             0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST CARP                    0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST CHAIN PICKEREL          0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST COOSA BASS              0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST FLAT BULLHEAD           0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST FLATHEAD CATFISH        0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST FLIER                   0.00     0.000     0          0.00     0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST GREEN SUNFISH           0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST LONGNOSE GAR            0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST MADTOM                  0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST MARGINED MADTOM         0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST NORTHERN HOGSUCKR       0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST PUMPKINSEED             0.00     0.000     0          0.00     0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST REDBREAST               0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST REDBREAST SUNFISH       0.00     0.000     0          0.00     0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST REDEAR                  0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST RIVER CARPSUCKER        0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST SILVER REDHORSE         0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST SPOTTED BASS            0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST STRIPED KILLIFISH       0.00     0.000     0          0.00     0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST TADPOLE MADTOM          0.00    14.570     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        260.86                          0.00                          0.00                        330.00                      
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Table 20 (Continued). 
 
QUARTER=JAN 1995 TO MAR 1995 MONTH=MARCH 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED  
    MARCH THREADFIN SHAD       4175.94    12.100     2          0.00     0.00      0       2382.55     2.00       1       359.87     4.00       2    
    MARCH BLUEBACK HERRING     6448.64    12.100     2          0.00     0.00      0          7.50     2.00       1        11.06     4.00       2    
    MARCH YELLOW PERCH          504.44    12.100     2          0.00     0.00      0         96.04     2.00       1       186.01     4.00       2    
    MARCH SPOTTAIL SHINER        34.17    12.100     2          0.00     0.00      0         60.58     2.00       1        27.41     4.00       2    
    MARCH WHITE PERCH            64.08    12.100     2          0.00     0.00      0          1.14     2.00       1        15.96     4.00       2    
    MARCH HYBRID BASS             6.99    12.100     2          0.00     0.00      0         22.81     2.00       1         6.84     4.00       2    
    MARCH GOLDEN SHINER           0.27    12.100     2          0.00     0.00      0          8.70     2.00       1         0.00     4.00       2    
    MARCH BLUEGILL                2.81    12.100     2          0.00     0.00      0          4.58     2.00       1         0.81     4.00       2     
    MARCH BLACK CRAPPIE           7.62    12.100     2          0.00     0.00      0          0.00     2.00       1         0.00     4.00       2     
    MARCH GIZZARD SHAD            3.19    12.100     2          0.00     0.00      0          3.00     2.00       1         0.50     4.00       2     
    MARCH CHANNEL CATFISH         1.43    12.100     2          0.00     0.00      0          0.00     2.00       1         4.79     4.00       2     
    MARCH WHITE CATFISH           0.34    12.100     2          0.00     0.00      0          0.00     2.00       1         4.79     4.00       2     
    MARCH STRIPED BASS            2.83    12.100     2          0.00     0.00      0          1.14     2.00       1         1.14     4.00       2     
    MARCH BROWN BULLHEAD          0.77    12.100     2          0.00     0.00      0          0.00     2.00       1         1.06     4.00       2     
    MARCH WHITE CRAPPIE           0.75    12.100     2          0.00     0.00      0          0.00     2.00       1         0.81     4.00       2     
    MARCH WHITE BASS              1.02    12.100     2          0.00     0.00      0          0.00     2.00       1         0.00     4.00       2     
    MARCH BLACK BULLHEAD          0.00    12.100     2          0.00     0.00      0          0.00     2.00       1         0.53     4.00       2     
    MARCH WARMOUTH                0.53    12.100     2          0.00     0.00      0          0.00     2.00       1         0.00     4.00       2         
    MARCH TESSELATED DARTR        0.21    12.100     2          0.00     0.00      0          0.00     2.00       1         0.00     4.00       2         
    MARCH RIVER CARPSUCKER        0.08    12.100     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        
      MARCH AMERICAN EEL            0.00    12.100     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
   
    MARCH BLACKBANDED DARTR       0.00    12.100     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLUE CATFISH            0.00     0.000     0          0.00     0.00      0          0.00     0.00       0         0.00     4.00       2         
    MARCH BLUEHEAD CHUB           0.00    12.100     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BROWN TROUT             0.00    12.100     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH CARP                    0.00    12.100     2          0.00     0.00      0          0.00     2.00       1         0.00     0.00       0         
    MARCH CHAIN PICKEREL          0.00    12.100     2          0.00     0.00      0          0.00     2.00       1         0.00     4.00       2         
    MARCH COASTAL SHINER          0.00    12.100     2          0.00     0.00      0          0.00     0.00       0         0.00     4.00       2         
    MARCH COOSA BASS              0.00    12.100     2          0.00     0.00      0          0.00     0.00       0         0.00     4.00       2         
    MARCH FLAT BULLHEAD           0.00    12.100     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH FLATHEAD CATFISH        0.00    12.100     2          0.00     0.00      0          0.00     2.00       1         0.00     4.00       2         
    MARCH FLIER                   0.00     0.000     0          0.00     0.00      0          0.00     0.00       0         0.00     4.00       2         
    MARCH GREEN SUNFISH           0.00    12.100     2          0.00     0.00      0          0.00     2.00       1         0.00     0.00       0         
    MARCH LARGEMOUTH BASS         0.00    12.100     2          0.00     0.00      0          0.00     2.00       1         0.00     4.00       2         
    MARCH LONGNOSE GAR            0.00    12.100     2          0.00     0.00      0          0.00     2.00       1         0.00     4.00       2         
    MARCH MADTOM                  0.00    12.100     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH MARGINED MADTOM         0.00    12.100     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH NORTHERN HOGSUCKR       0.00    12.100     2          0.00     0.00      0          0.00     2.00       1         0.00     0.00       0         
    MARCH PUMPKINSEED             0.00     0.000     0          0.00     0.00      0          0.00     0.00       0         0.00     4.00       2         
    MARCH RAINBOW TROUT           0.00    12.100     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH REDBREAST               0.00    12.100     2          0.00     0.00      0          0.00     2.00       1         0.00     4.00       2         
    MARCH REDBREAST SUNFISH       0.00     0.000     0          0.00     0.00      0          0.00     0.00       0         0.00     4.00       2         
    MARCH REDEAR                  0.00    12.100     2          0.00     0.00      0          0.00     2.00       1         0.00     0.00       0         
    MARCH SILVER REDHORSE         0.00    12.100     2          0.00     0.00      0          0.00     2.00       1         0.00     0.00       0         
    MARCH SPOTTED BASS            0.00    12.100     2          0.00     0.00      0          0.00     2.00       1         0.00     4.00       2    
    MARCH STRIPED KILLIFISH       0.00     0.000     0          0.00     0.00      0          0.00     0.00       0         0.00     4.00       2    
     
                            -----------                   -----------                   -----------                   -----------                    
     SUM                      11256.12                          0.00                       2588.03                        621.59                     
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Table 20 (Continued). 
 
QUARTER=APR 1995 TO JUN 1995 MONTH=APRIL 
 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER   
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
    APRIL BLUEBACK HERRING     2804.11    17.50       3        0.00      0.00      0         62.76    18.00      10     20439.49     1.50       1      
    APRIL THREADFIN SHAD        141.61    17.50       3        0.00      0.00      0        162.15    18.00      10         2.08     1.50       1        
    APRIL WHITE PERCH            19.87    17.50       3        0.00      0.00      0         26.28    18.00      10         1.64     1.50       1        
    APRIL YELLOW PERCH           31.54    17.50       3        0.00      0.00      0         11.76    18.00      10         2.02     1.50       1        
    APRIL WHITE CRAPPIE           1.57    17.50       3        0.00      0.00      0         13.14    18.00      10        14.88     1.50       1         
    APRIL GIZZARD SHAD            2.51    17.50       3        0.00      0.00      0          1.77    18.00      10         8.33     1.50       1         
    APRIL BLUEGILL                4.42    17.50       3        0.00      0.00      0          4.30    18.00      10         3.65     1.50       1         
    APRIL BLACK CRAPPIE           2.67    17.50       3        0.00      0.00      0          2.09    18.00      10         1.67     1.50       1         
    APRIL SPOTTAIL SHINER         1.22    17.50       3        0.00      0.00      0          1.93    18.00      10         0.00     1.50       1         
    APRIL HYBRID BASS             1.74    17.50       3        0.00      0.00      0          0.72    18.00      10         0.00     1.50       1         
    APRIL WHITE BASS              0.19    17.50       3        0.00      0.00      0          0.18    18.00      10         1.56     1.50       1         
    APRIL STRIPED BASS            0.29    17.50       3        0.00      0.00      0          0.21    18.00      10         0.00     1.50       1         
    APRIL GOLDEN SHINER           0.12    17.50       3        0.00      0.00      0          0.35    18.00      10         0.00     1.50       1         
    APRIL WARMOUTH                0.00    17.50       3        0.00      0.00      0          0.28    18.00      10         0.00     1.50       1         
    APRIL GREEN SUNFISH           0.00    17.50       3        0.00      0.00      0          0.21    18.00      10         0.00     0.00       0         
    APRIL SILVER REDHORSE         0.07    17.50       3        0.00      0.00      0          0.05    18.00      10         0.00     0.00       0         
    APRIL CARP                    0.02    17.50       3        0.00      0.00      0          0.05    18.00      10         0.00     0.00       0         
    APRIL BLACK BULLHEAD          0.00    17.50       3        0.00      0.00      0          0.00    18.00      10         0.00     1.50       1         
    APRIL BLACKBANDED DARTER      0.00    17.50       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BLUE CATFISH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     1.50       1         
    APRIL BLUEHEAD CHUB           0.00    17.50       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BROWN BULLHEAD          0.00    17.50       3        0.00      0.00      0          0.00    18.00      10         0.00     1.50       1         
    APRIL BROWN TROUT             0.00    17.50       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL CHAIN PICKEREL          0.00    17.50       3        0.00      0.00      0          0.00    18.00      10         0.00     1.50       1         
    APRIL CHANNEL CATFISH         0.00    17.50       3        0.00      0.00      0          0.00    18.00      10         0.00     1.50       1         
    APRIL COASTAL SHINER          0.00    17.50       3        0.00      0.00      0          0.00     0.00       0         0.00     1.50       1         
    APRIL COOSA BASS              0.00    17.50       3        0.00      0.00      0          0.00     0.00       0         0.00     1.50       1         
    APRIL FLAT BULLHEAD           0.00    17.50       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL FLATHEAD CATFISH        0.00    17.50       3        0.00      0.00      0          0.00    18.00      10         0.00     1.50       1         
    APRIL FLIER                   0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     1.50       1         
    APRIL LARGEMOUTH BASS         0.00    17.50       3        0.00      0.00      0          0.00    18.00      10         0.00     1.50       1         
    APRIL LONGNOSE GAR            0.00    17.50       3        0.00      0.00      0          0.00    18.00      10         0.00     1.50       1         
    APRIL MADTOM                  0.00    17.50       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL MARGINED MADTOM         0.00    17.50       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL NORTHERN HOGSUCKER      0.00    17.50       3        0.00      0.00      0          0.00    18.00      10         0.00     0.00       0         
    APRIL PUMPKINSEED             0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     1.50       1         
    APRIL RAINBOW TROUT           0.00    17.50       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL REDBREAST               0.00    17.50       3        0.00      0.00      0          0.00    18.00      10         0.00     1.50       1         
    APRIL REDBREAST SUNFISH       0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     1.50       1         
    APRIL REDEAR                  0.00    17.50       3        0.00      0.00      0          0.00    18.00      10         0.00     0.00       0         
     
    
                            -----------                      -----------                   -----------                   -----------                    
     SUM                        3011.96                         0.00                         288.21                      20475.33           







 
  -56 


Table 20 (Continued). 
 
QUARTER=APR 1995 TO JUN 1995 MONTH=MAY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER   
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
      MAY BLUEBACK HERRING        0.00     0.00       0        0.00      0.00      0        103.73    23.00      13         0.00     0.00       0        
      MAY WHITE PERCH             0.00     0.00       0        0.00      0.00      0         32.39    23.00      13         0.00     0.00       0         
      MAY THREADFIN SHAD          0.00     0.00       0        0.00      0.00      0         24.84    23.00      13         0.00     0.00       0         
      MAY BLACK CRAPPIE           0.00     0.00       0        0.00      0.00      0         17.74    23.00      13         0.00     0.00       0         
      MAY YELLOW PERCH            0.00     0.00       0        0.00      0.00      0         10.85    23.00      13         0.00     0.00       0         
      MAY SPOTTAIL SHINER         0.00     0.00       0        0.00      0.00      0          7.37    23.00      13         0.00     0.00       0         
      MAY WHITE CRAPPIE           0.00     0.00       0        0.00      0.00      0          2.80    23.00      13         0.00     0.00       0         
      MAY STRIPED BASS            0.00     0.00       0        0.00      0.00      0          0.53    23.00      13         0.00     0.00       0         
      MAY WARMOUTH                0.00     0.00       0        0.00      0.00      0          0.32    23.00      13         0.00     0.00       0         
      MAY BLUEGILL                0.00     0.00       0        0.00      0.00      0          0.11    23.00      13         0.00     0.00       0         
      MAY SILVER REDHORSE         0.00     0.00       0        0.00      0.00      0          0.11    23.00      13         0.00     0.00       0         
      MAY WHITE CATFISH           0.00     0.00       0        0.00      0.00      0          0.08    23.00      13         0.00     0.00       0         
      MAY HYBRID BASS             0.00     0.00       0        0.00      0.00      0          0.04    23.00      13         0.00     0.00       0         
      MAY BROWN BULLHEAD          0.00     0.00       0        0.00      0.00      0          0.01    23.00      13         0.00     0.00       0         
      MAY LONGNOSE GAR            0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY BLACK BULLHEAD          0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY CARP                    0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY CHAIN PICKEREL          0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY CHANNEL CATFISH         0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY FLATHEAD CATFISH        0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY GIZZARD SHAD            0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY GOLDEN SHINER           0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY GREEN SUNFISH           0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY LARGEMOUTH BASS         0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY NORTHERN HOGSUCKR       0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY REDBREAST               0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY REDEAR                  0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY SPOTTED BASS            0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY TESSELATED DARTR        0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY WHITE BASS              0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                          0.00                         0.00                         200.93                          0.00                         
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Table 20 (Continued). 
 
QUARTER=APR 1995 TO JUN 1995 MONTH=JUNE 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
     JUNE BLACK CRAPPIE          12.71     5.53       2        0.00      0.00      0         32.96     9.38       5       257.76     3.50       5        
     JUNE BLUEBACK HERRING      171.12     5.53       2        0.00      0.00      0         16.58     9.38       5       106.80     3.50       5        
     JUNE YELLOW PERCH           32.94     5.53       2        0.00      0.00      0         36.25     9.38       5        85.72     3.50       5        
     JUNE THREADFIN SHAD         43.01     5.53       2        0.00      0.00      0          0.78     9.38       5         0.70     3.50       5        
     JUNE WHITE CRAPPIE           1.01     5.53       2        0.00      0.00      0          1.47     9.38       5        12.43     3.50       5         
     JUNE BLUEGILL               14.39     5.53       2        0.00      0.00      0          0.47     9.38       5         0.00     3.50       5         
     JUNE SPOTTAIL SHINER         8.17     5.53       2        0.00      0.00      0          0.54     9.38       5         0.63     3.50       5         
     JUNE WHITE PERCH             4.50     5.53       2        0.00      0.00      0          1.64     9.38       5         0.00     3.50       5         
     JUNE COOSA BASS              0.18     5.53       2        0.00      0.00      0          0.00     0.00       0         0.54     3.50       5         
     JUNE WARMOUTH                0.37     5.53       2        0.00      0.00      0          0.00     9.38       5         0.21     3.50       5         
     JUNE STRIPED BASS            0.08     5.53       2        0.00      0.00      0          0.00     9.38       5         0.49     3.50       5         
     JUNE TESSELATED DARTR        0.36     5.53       2        0.00      0.00      0          0.00     9.38       5         0.00     3.50       5         
     JUNE WHITE CATFISH           0.09     5.53       2        0.00      0.00      0          0.10     9.38       5         0.11     3.50       5         
     JUNE GIZZARD SHAD            0.29     5.53       2        0.00      0.00      0          0.00     9.38       5         0.00     3.50       5         
     JUNE WHITE BASS              0.17     5.53       2        0.00      0.00      0          0.12     9.38       5         0.00     3.50       5         
     JUNE NORTHERN HOGSUCKR       0.22     5.53       2        0.00      0.00      0          0.00     9.38       5         0.00     0.00       0         
     JUNE CHANNEL CATFISH         0.02     5.53       2        0.00      0.00      0          0.01     9.38       5         0.09     3.50       5         
     JUNE BROWN BULLHEAD          0.05     5.53       2        0.00      0.00      0          0.01     9.38       5         0.00     3.50       5         
     JUNE BLACK BULLHEAD          0.00     5.53       2        0.00      0.00      0          0.01     9.38       5         0.00     3.50       5         
     JUNE BLACKBANDED DARTR       0.00     5.53       2        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BLUE CATFISH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     3.50       5         
     JUNE BLUEHEAD CHUB           0.00     5.53       2        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BROWN TROUT             0.00     5.53       2        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE CARP                    0.00     5.53       2        0.00      0.00      0          0.00     9.38       5         0.00     0.00       0         
     JUNE CHAIN PICKEREL          0.00     5.53       2        0.00      0.00      0          0.00     9.38       5         0.00     3.50       5         
     JUNE COASTAL SHINER          0.00     5.53       2        0.00      0.00      0          0.00     0.00       0         0.00     3.50       5         
     JUNE FLAT BULLHEAD           0.00     5.53       2        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE FLATHEAD CATFISH        0.00     5.53       2        0.00      0.00      0          0.00     9.38       5         0.00     3.50       5         
     JUNE FLIER                   0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     3.50       5         
     JUNE GOLDEN SHINER           0.00     5.53       2        0.00      0.00      0          0.00     9.38       5         0.00     3.50       5         
     JUNE GREEN SUNFISH           0.00     5.53       2        0.00      0.00      0          0.00     9.38       5         0.00     0.00       0         
     JUNE HYBRID BASS             0.00     5.53       2        0.00      0.00      0          0.00     9.38       5         0.00     3.50       5         
     JUNE LARGEMOUTH BASS         0.00     5.53       2        0.00      0.00      0          0.00     9.38       5         0.00     3.50       5         
     JUNE LONGNOSE GAR            0.00     5.53       2        0.00      0.00      0          0.00     9.38       5         0.00     3.50       5         
     JUNE MADTOM                  0.00     5.53       2        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE MARGINED MADTOM         0.00     5.53       2        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE PUMPKINSEED             0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     3.50       5         
     JUNE RAINBOW TROUT           0.00     5.53       2        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE REDBREAST               0.00     5.53       2        0.00      0.00      0          0.00     9.38       5         0.00     3.50       5         
     JUNE REDBREAST SUNFISH       0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     3.50       5         
     JUNE REDEAR                  0.00     5.53       2        0.00      0.00      0          0.00     9.38       5         0.00     0.00       0         
     JUNE RIVER CARPSUCKER        0.00     5.53       2        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        289.67                         0.00                          90.96                        465.47                        
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Table 20 (Continued). 
 
QUARTER=JUL 1995 TO SEP 1995 MONTH=JULY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER   
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
     JULY BLUEBACK HERRING      875.23     8.39       4        0.00      0.00      0          0.00     0.00       0      1135.12    19.50      11       
     JULY THREADFIN SHAD        675.12     8.39       4        0.00      0.00      0          0.00     0.00       0        29.22    19.50      11       
     JULY BLACK CRAPPIE           6.25     8.39       4        0.00      0.00      0          0.00     0.00       0       121.17    19.50      11        
     JULY YELLOW PERCH           12.53     8.39       4        0.00      0.00      0          0.00     0.00       0        20.31    19.50      11         
     JULY BLUEGILL               22.77     8.39       4        0.00      0.00      0          0.00     0.00       0         7.93    19.50      11         
     JULY WHITE CRAPPIE           0.00     8.39       4        0.00      0.00      0          0.00     0.00       0         3.92    19.50      11         
     JULY SPOTTAIL SHINER         3.15     8.39       4        0.00      0.00      0          0.00     0.00       0         0.16    19.50      11         
     JULY WHITE PERCH             1.02     8.39       4        0.00      0.00      0          0.00     0.00       0         1.26    19.50      11         
     JULY CHANNEL CATFISH         0.66     8.39       4        0.00      0.00      0          0.00     0.00       0         0.24    19.50      11         
     JULY SPOTTED BASS            0.64     8.39       4        0.00      0.00      0          0.00     0.00       0         0.20    19.50      11         
     JULY GIZZARD SHAD            0.13     8.39       4        0.00      0.00      0          0.00     0.00       0         0.69    19.50      11         
     JULY GREEN SUNFISH           0.66     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WHITE CATFISH           0.27     8.39       4        0.00      0.00      0          0.00     0.00       0         0.34    19.50      11         
     JULY WARMOUTH                0.32     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00    19.50      11         
     JULY TESSELATED DARTR        0.10     8.39       4        0.00      0.00      0          0.00     0.00       0         0.10    19.50      11         
     JULY CARP                    0.18     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY HYBRID BASS             0.06     8.39       4        0.00      0.00      0          0.00     0.00       0         0.05    19.50      11         
     JULY BROWN BULLHEAD          0.05     8.39       4        0.00      0.00      0          0.00     0.00       0         0.05    19.50      11         
     JULY FLATHEAD CATFISH        0.08     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00    19.50      11         
     JULY STRIPED BASS            0.06     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00    19.50      11         
     JULY BLUE CATFISH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.02    19.50      11         
     JULY BLACK BULLHEAD          0.00     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00    19.50      11         
     JULY BLACKBANDED DARTR       0.00     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       1599.28                         0.00                           0.00                       1320.78                        
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Table 20 (Continued). 
 
QUARTER=JUL 1995 TO SEP 1995 MONTH=AUGUST 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER   
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
   AUGUST BLUEBACK HERRING     1187.10    10.00       3        0.00      0.00      0       4144.96     1.95       2      6355.48    18.75      11      
   AUGUST THREADFIN SHAD        373.22    10.00       3        0.00      0.00      0         68.23     1.95       2       176.57    18.75      11       
   AUGUST BLACK CRAPPIE           2.48    10.00       3        0.00      0.00      0          1.16     1.95       2        12.37    18.75      11         
   AUGUST WHITE PERCH            12.09    10.00       3        0.00      0.00      0          0.00     1.95       2         1.55    18.75      11         
   AUGUST BLUEGILL                8.69    10.00       3        0.00      0.00      0          0.00     1.95       2         1.38    18.75      11         
   AUGUST YELLOW PERCH            2.54    10.00       3        0.00      0.00      0          0.40     1.95       2         2.36    18.75      11         
   AUGUST GIZZARD SHAD            0.48    10.00       3        0.00      0.00      0          0.00     1.95       2         0.73    18.75      11         
   AUGUST CHANNEL CATFISH         0.44    10.00       3        0.00      0.00      0          0.31     1.95       2         0.23    18.75      11         
   AUGUST WHITE CRAPPIE           0.71    10.00       3        0.00      0.00      0          0.00     1.95       2         0.00    18.75      11         
   AUGUST YELLOW BULLHEAD         0.34    10.00       3        0.00      0.00      0          0.00     0.00       0         0.37    18.75      11         
   AUGUST WHITE CATFISH           0.53    10.00       3        0.00      0.00      0          0.00     1.95       2         0.16    18.75      11         
   AUGUST BROWN BULLHEAD          0.46    10.00       3        0.00      0.00      0          0.00     1.95       2         0.20    18.75      11         
   AUGUST SPOTTED BASS            0.00    10.00       3        0.00      0.00      0          0.00     1.95       2         0.21    18.75      11         
   AUGUST MARGINED MADTOM         0.21    10.00       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WARMOUTH                0.13    10.00       3        0.00      0.00      0          0.00     1.95       2         0.00    18.75      11         
   AUGUST PUMPKINSEED             0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.11    18.75      11         
   AUGUST HYBRID BASS             0.00    10.00       3        0.00      0.00      0          0.00     1.95       2         0.08    18.75      11         
   AUGUST STRIPED BASS            0.00    10.00       3        0.00      0.00      0          0.00     1.95       2         0.08    18.75      11         
   AUGUST WHITEFIN SHINER         0.00    10.00       3        0.00      0.00      0          0.00     0.00       0         0.06    18.75      11         
   AUGUST CARP                    0.05    10.00       3        0.00      0.00      0          0.00     1.95       2         0.00     0.00       0         
   AUGUST BLUE CATFISH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.05    18.75      11         
   AUGUST BLACK BULLHEAD          0.00    10.00       3        0.00      0.00      0          0.00     1.95       2         0.03    18.75      11         
   AUGUST BLACKBANDED DARTR       0.00    10.00       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLUEHEAD CHUB           0.00    10.00       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BROWN TROUT             0.00    10.00       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST CHAIN PICKEREL          0.00    10.00       3        0.00      0.00      0          0.00     1.95       2         0.00    18.75      11         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       1589.48                         0.00                        4215.05                       6552.03                       
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Table 20 (Continued). 
 
QUARTER=JUL 1995 TO SEP 1995 MONTH=SEPTEMBER 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
SEPTEMBER BLUEBACK HERRING       50.16     3.00       1        0.00      0.00      0        985.35     8.00       3         8.54    17.92       9       
SEPTEMBER THREADFIN SHAD        195.51     3.00       1        0.00      0.00      0         12.33     8.00       3        33.73    17.92       9        
SEPTEMBER BLUEGILL               17.41     3.00       1        0.00      0.00      0          0.23     8.00       3         0.77    17.92       9         
SEPTEMBER WHITE PERCH            11.23     3.00       1        0.00      0.00      0          1.24     8.00       3         1.98    17.92       9         
SEPTEMBER BLACK CRAPPIE           5.05     3.00       1        0.00      0.00      0          0.41     8.00       3         8.52    17.92       9         
SEPTEMBER YELLOW PERCH            5.87     3.00       1        0.00      0.00      0          0.17     8.00       3         1.11    17.92       9         
SEPTEMBER WHITE CATFISH           2.60     3.00       1        0.00      0.00      0          0.40     8.00       3         1.96    17.92       9         
SEPTEMBER GIZZARD SHAD            0.67     3.00       1        0.00      0.00      0          0.33     8.00       3         0.33    17.92       9         
SEPTEMBER CHANNEL CATFISH         0.67     3.00       1        0.00      0.00      0          0.05     8.00       3         0.30    17.92       9         
SEPTEMBER WHITE CRAPPIE           0.00     3.00       1        0.00      0.00      0          0.23     8.00       3         0.43    17.92       9         
SEPTEMBER LARGEMOUTH BASS         0.61     3.00       1        0.00      0.00      0          0.00     8.00       3         0.00    17.92       9         
SEPTEMBER WARMOUTH                0.60     3.00       1        0.00      0.00      0          0.00     8.00       3         0.00    17.92       9         
SEPTEMBER SPOTTAIL SHINER         0.45     3.00       1        0.00      0.00      0          0.00     8.00       3         0.00    17.92       9         
SEPTEMBER BROWN BULLHEAD          0.36     3.00       1        0.00      0.00      0          0.00     8.00       3         0.03    17.92       9         
SEPTEMBER WHITE BASS              0.27     3.00       1        0.00      0.00      0          0.00     8.00       3         0.00    17.92       9         
SEPTEMBER BLACK BULLHEAD          0.00     3.00       1        0.00      0.00      0          0.15     8.00       3         0.07    17.92       9         
SEPTEMBER TESSELATED DARTR        0.21     3.00       1        0.00      0.00      0          0.00     8.00       3         0.00    17.92       9         
SEPTEMBER GOLDEN SHINER           0.17     3.00       1        0.00      0.00      0          0.00     8.00       3         0.00    17.92       9         
SEPTEMBER REDBREAST SUNFISH       0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.12    17.92       9         
SEPTEMBER FLATHEAD CATFISH        0.00     3.00       1        0.00      0.00      0          0.00     8.00       3         0.03    17.92       9         
SEPTEMBER BLACKBANDED DARTR       0.00     3.00       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER BLUE CATFISH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00    17.92       9         
SEPTEMBER BLUEHEAD CHUB           0.00     3.00       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER BROWN TROUT             0.00     3.00       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER CARP                    0.00     3.00       1        0.00      0.00      0          0.00     8.00       3         0.00     0.00       0         
SEPTEMBER CHAIN PICKEREL          0.00     3.00       1        0.00      0.00      0          0.00     8.00       3         0.00    17.92       9         
SEPTEMBER COASTAL SHINER          0.00     3.00       1        0.00      0.00      0          0.00     0.00       0         0.00    17.92       9         
SEPTEMBER COOSA BASS              0.00     3.00       1        0.00      0.00      0          0.00     0.00       0         0.00    17.92       9         
SEPTEMBER FLAT BULLHEAD           0.00     3.00       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER FLIER                   0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00    17.92       9         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        291.83                         0.00                        1000.90                         57.94                        
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Table 20 (Continued). 
 
QUARTER=OCT 1995 TO DEC 1995 MONTH=OCTOBER 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER   
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
  OCTOBER THREADFIN SHAD          0.00     0.00       0        0.00      0.00      0        885.84    15.16       8       677.64    11.17       5       
  OCTOBER BLUEBACK HERRING        0.00     0.00       0        0.00      0.00      0         10.59    15.16       8         4.61    11.17       5         
  OCTOBER BLACK CRAPPIE           0.00     0.00       0        0.00      0.00      0          1.02    15.16       8         7.22    11.17       5         
  OCTOBER BLUEGILL                0.00     0.00       0        0.00      0.00      0          1.96    15.16       8         3.83    11.17       5         
  OCTOBER WHITE PERCH             0.00     0.00       0        0.00      0.00      0          1.57    15.16       8         1.00    11.17       5         
  OCTOBER WHITE CATFISH           0.00     0.00       0        0.00      0.00      0          1.04    15.16       8         1.08    11.17       5         
  OCTOBER GIZZARD SHAD            0.00     0.00       0        0.00      0.00      0          0.58    15.16       8         0.16    11.17       5         
  OCTOBER CHANNEL CATFISH         0.00     0.00       0        0.00      0.00      0          0.26    15.16       8         0.26    11.17       5         
  OCTOBER WHITE CRAPPIE           0.00     0.00       0        0.00      0.00      0          0.00    15.16       8         0.47    11.17       5         
  OCTOBER YELLOW PERCH            0.00     0.00       0        0.00      0.00      0          0.09    15.16       8         0.34    11.17       5         
  OCTOBER WARMOUTH                0.00     0.00       0        0.00      0.00      0          0.41    15.16       8         0.00    11.17       5         
  OCTOBER BLACK BULLHEAD          0.00     0.00       0        0.00      0.00      0          0.04    15.16       8         0.03    11.17       5         
  OCTOBER FLATHEAD CATFISH        0.00     0.00       0        0.00      0.00      0          0.00    15.16       8         0.05    11.17       5         
  OCTOBER BLUE CATFISH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00    11.17       5         
  OCTOBER BROWN BULLHEAD          0.00     0.00       0        0.00      0.00      0          0.00    15.16       8         0.00    11.17       5         
  OCTOBER CARP                    0.00     0.00       0        0.00      0.00      0          0.00    15.16       8         0.00     0.00       0         
  OCTOBER CHAIN PICKEREL          0.00     0.00       0        0.00      0.00      0          0.00    15.16       8         0.00    11.17       5         
  OCTOBER COASTAL SHINER          0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00    11.17       5         
  OCTOBER COOSA BASS              0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00    11.17       5         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                          0.00                         0.00                         903.39                        696.67                        
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Table 20 (Continued). 
 
QUARTER=OCT 1995 TO DEC 1995 MONTH=NOVEMBER 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER   
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
 NOVEMBER THREADFIN SHAD          0.00     0.00       0      154.48      3.50      2       1354.44     7.00       4       597.33     9.00       4       
 NOVEMBER BLUEBACK HERRING        0.00     0.00       0        2.07      3.50      2          2.75     7.00       4         1.09     9.00       4         
 NOVEMBER WHITE CATFISH           0.00     0.00       0        0.25      3.50      2          4.40     7.00       4         0.39     9.00       4         
 NOVEMBER BLACK CRAPPIE           0.00     0.00       0        0.00      3.50      2          0.96     7.00       4         2.33     9.00       4         
 NOVEMBER CHANNEL CATFISH         0.00     0.00       0        0.15      3.50      2          2.31     7.00       4         0.16     9.00       4         
 NOVEMBER BLUEGILL                0.00     0.00       0        0.00      3.50      2          0.88     7.00       4         1.74     9.00       4         
 NOVEMBER WHITE PERCH             0.00     0.00       0        0.36      3.50      2          0.90     7.00       4         0.35     9.00       4         
 NOVEMBER GIZZARD SHAD            0.00     0.00       0        0.00      3.50      2          1.50     7.00       4         0.00     9.00       4         
 NOVEMBER YELLOW PERCH            0.00     0.00       0        0.00      3.50      2          0.57     7.00       4         0.19     9.00       4         
 NOVEMBER STRIPED BASS            0.00     0.00       0        0.65      3.50      2          0.00     7.00       4         0.00     9.00       4         
 NOVEMBER SPOTTAIL SHINER         0.00     0.00       0        0.39      3.50      2          0.00     7.00       4         0.00     9.00       4         
 NOVEMBER HYBRID BASS             0.00     0.00       0        0.27      3.50      2          0.00     7.00       4         0.00     9.00       4         
 NOVEMBER BROWN BULLHEAD          0.00     0.00       0        0.03      3.50      2          0.00     7.00       4         0.00     9.00       4         
 NOVEMBER BLACK BULLHEAD          0.00     0.00       0        0.00      3.50      2          0.00     7.00       4         0.00     9.00       4         
 NOVEMBER BLUE CATFISH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     9.00       4         
 NOVEMBER CARP                    0.00     0.00       0        0.00      0.00      0          0.00     7.00       4         0.00     0.00       0         
 NOVEMBER CHAIN PICKEREL          0.00     0.00       0        0.00      3.50      2          0.00     7.00       4         0.00     9.00       4         
 NOVEMBER COASTAL SHINER          0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     9.00       4         
 NOVEMBER COOSA BASS              0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     9.00       4         
 NOVEMBER CREEK CHUB              0.00     0.00       0        0.00      3.50      2          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER FLATHEAD CATFISH        0.00     0.00       0        0.00      0.00      0          0.00     7.00       4         0.00     9.00       4         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                          0.00                       158.66                        1368.71                        603.59                        
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Table 20 (Continued). 
 
QUARTER=OCT 1995 TO DEC 1995 MONTH=DECEMBER 
 
                                           UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
 DECEMBER THREADFIN SHAD        248.12     8.25       3     1679.43      2.00      2          0.00     0.00       0         0.00     0.00       0       
 DECEMBER BLUEBACK HERRING        5.16     8.25       3        2.26      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER SPOTTAIL SHINER         0.31     8.25       3        0.60      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER YELLOW PERCH            0.62     8.25       3        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER STRIPED BASS            0.15     8.25       3        0.45      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLACK CRAPPIE           0.08     8.25       3        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER LARGEMOUTH BASS         0.06     8.25       3        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WHITE BASS              0.06     8.25       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WHITE PERCH             0.06     8.25       3        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLUEGILL                0.04     8.25       3        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLACK BULLHEAD          0.00     8.25       3        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLACKBANDED DARTR       0.00     8.25       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLUEHEAD CHUB           0.00     8.25       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BROWN BULLHEAD          0.00     8.25       3        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BROWN TROUT             0.00     8.25       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER CARP                    0.00     8.25       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER CHAIN PICKEREL          0.00     8.25       3        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER CHANNEL CATFISH         0.00     8.25       3        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER COASTAL SHINER          0.00     8.25       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER COOSA BASS              0.00     8.25       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER CREEK CHUB              0.00     0.00       0        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER FLAT BULLHEAD           0.00     8.25       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER FLATHEAD CATFISH        0.00     8.25       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        254.66                      1682.74                           0.00                          0.00                        
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Table 20 (Continued). 
 
QUARTER=JAN 1996 TO MAR 1996 MONTH=JANUARY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
  JANUARY THREADFIN SHAD          0.00     0.00       0        0.00      0.00      0        652.11     2.50       1       403.85     4.00       2       
  JANUARY BLUEBACK HERRING        0.00     0.00       0        0.00      0.00      0         27.54     2.50       1        14.21     4.00       2        
  JANUARY BLACK CRAPPIE           0.00     0.00       0        0.00      0.00      0          3.90     2.50       1         0.57     4.00       2         
  JANUARY YELLOW PERCH            0.00     0.00       0        0.00      0.00      0          1.77     2.50       1         1.12     4.00       2         
  JANUARY BLUEGILL                0.00     0.00       0        0.00      0.00      0          2.38     2.50       1         0.00     4.00       2         
  JANUARY STRIPED BASS            0.00     0.00       0        0.00      0.00      0          0.48     2.50       1         0.00     4.00       2         
  JANUARY GIZZARD SHAD            0.00     0.00       0        0.00      0.00      0          0.00     2.50       1         0.42     4.00       2         
  JANUARY BLACK BULLHEAD          0.00     0.00       0        0.00      0.00      0          0.00     2.50       1         0.00     4.00       2         
  JANUARY BLUE CATFISH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     4.00       2         
  JANUARY BROWN BULLHEAD          0.00     0.00       0        0.00      0.00      0          0.00     2.50       1         0.00     4.00       2         
  JANUARY CARP                    0.00     0.00       0        0.00      0.00      0          0.00     2.50       1         0.00     0.00       0         
  JANUARY CHAIN PICKEREL          0.00     0.00       0        0.00      0.00      0          0.00     2.50       1         0.00     4.00       2         
  JANUARY CHANNEL CATFISH         0.00     0.00       0        0.00      0.00      0          0.00     2.50       1         0.00     4.00       2         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                          0.00                         0.00                         688.18                        420.16                        
 
 
 
QUARTER=JAN 1996 TO MAR 1996 MONTH=FEBRUARY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
 FEBRUARY THREADFIN SHAD          0.00     0.00       0        0.00      0.00      0          0.00     0.00       0     11575.36     2.75       1      
 FEBRUARY BLACK CRAPPIE           0.00     0.00       0        0.00      0.00      0          0.00     0.00       0        25.33     2.75       1         
 FEBRUARY BLUEBACK HERRING        0.00     0.00       0        0.00      0.00      0          0.00     0.00       0        15.02     2.75       1         
 FEBRUARY YELLOW PERCH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         7.13     2.75       1         
 FEBRUARY BLUEGILL                0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         6.04     2.75       1         
 FEBRUARY WHITE PERCH             0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.40     2.75       1         
 FEBRUARY SPOTTAIL SHINER         0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.17     2.75       1         
 FEBRUARY BLACK BULLHEAD          0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     2.75       1         
 FEBRUARY BLUE CATFISH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     2.75       1         
 FEBRUARY BROWN BULLHEAD          0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     2.75       1         
 FEBRUARY CHAIN PICKEREL          0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     2.75       1         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                          0.00                         0.00                           0.00                      11629.44                       
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Table 20 (Concluded). 
 
QUARTER=JAN 1996 TO MAR 1996 MONTH=MARCH 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
    MARCH THREADFIN SHAD       1138.58     4.48      1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0        
      MARCH WHITE PERCH            20.67     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
   
    MARCH YELLOW PERCH            8.51     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLUEBACK HERRING        8.24     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLACK CRAPPIE           1.70     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLUEGILL                1.07     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH GIZZARD SHAD            0.58     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH SPOTTAIL SHINER         0.21     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WHITEFIN SHINER         0.14     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLACK BULLHEAD          0.00     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLACKBANDED DARTR       0.00     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLUEHEAD CHUB           0.00     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BROWN BULLHEAD          0.00     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BROWN TROUT             0.00     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH CARP                    0.00     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH CHAIN PICKEREL          0.00     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       1179.70                         0.00                           0.00                          0.00                        
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Table 1-21.  (Continued).   Summaries of netting data collected during Phase II (August 1993 to August 1994), PrePhase III (September 1994 to March 1996).  Comparison of mean 
monthly species entrainment rates (num/hour) for pumpback units.  Rates for units 6,7,& 8 are doubled to expand for unsampled bay.  Sampling rate of 0.0 indicates no members of 
that species were collected for that unit.  Data adjusted for survival. 
 
QUARTER=JUL 1993 TO SEP 1993 MONTH=AUGUST 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8  
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED  
 
   AUGUST BLUEBACK HERRING     1043.04    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0       
   AUGUST THREADFIN SHAD        304.65    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
   AUGUST BLUEGILL                1.33    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
   AUGUST WHITE CATFISH           0.41    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
   AUGUST YELLOW PERCH            0.21    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST GIZZARD SHAD            0.20    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST YELLOW BULLHEAD         0.12    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST CHANNEL CATFISH         0.11    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BROWN BULLHEAD          0.09    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WHITE PERCH             0.07    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST STRIPED BASS            0.07    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST SPOTTAIL SHINER         0.07    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WARMOUTH                0.07    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST LARGEMOUTH BASS         0.06    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BROWN TROUT             0.05    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLACK BULLHEAD          0.04    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST HYBRID BASS             0.03    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST AMERICAN EEL            0.01    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST TESSELATED DARTR        0.01    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST RAINBOW TROUT           0.01    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLACK CRAPPIE           0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLACKBANDED DARTR       0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLUEHEAD CHUB           0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST CARP                    0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST CHAIN PICKEREL          0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST COASTAL SHINER          0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST COOSA BASS              0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST FLAT BULLHEAD           0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST FLATHEAD CATFISH        0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST GOLDEN SHINER           0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST GREEN SUNFISH           0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST LONGNOSE GAR            0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST MADTOM                  0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST MARGINED MADTOM         0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST NORTHERN HOGSUCKR       0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST REDBREAST               0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST REDEAR                  0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST RIVER CARPSUCKER        0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST SILVER REDHORSE         0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WHITEFIN SHINER         0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       1350.64                         0.00                           0.00                          0.00                     
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Table 1-21. (Continued). 
 
QUARTER=JUL 1993 TO SEP 1993 MONTH=SEPTEMBER 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
SEPTEMBER THREADFIN SHAD       1588.76    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0    
SEPTEMBER BLUEBACK HERRING       24.41    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0   
SEPTEMBER GIZZARD SHAD            2.98    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
SEPTEMBER BLUEGILL                2.37    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
SEPTEMBER WHITE CATFISH           1.15    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
SEPTEMBER YELLOW PERCH            0.25    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
SEPTEMBER CHANNEL CATFISH         0.21    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER WHITE PERCH             0.12    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER BLACK BULLHEAD          0.08    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER BROWN BULLHEAD          0.07    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER LARGEMOUTH BASS         0.06    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER FLAT BULLHEAD           0.05    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER YELLOW BULLHEAD         0.04    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER SPOTTAIL SHINER         0.04    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER WARMOUTH                0.04    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER BROWN TROUT             0.04    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER HYBRID BASS             0.04    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER GOLDEN SHINER           0.03    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER COASTAL SHINER          0.03    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER LONGNOSE GAR            0.02    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER COOSA BASS              0.02    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER CARP                    0.02    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER STRIPED BASS            0.02    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER TESSELATED DARTR        0.01    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER AMERICAN EEL            0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER BLACK CRAPPIE           0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER BLACKBANDED DARTR       0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER BLUEHEAD CHUB           0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER CHAIN PICKEREL          0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER FLATHEAD CATFISH        0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER GREEN SUNFISH           0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER MADTOM                  0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER MARGINED MADTOM         0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER NORTHERN HOGSUCKR       0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER RAINBOW TROUT           0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER REDBREAST               0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER REDEAR                  0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER RIVER CARPSUCKER        0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER SILVER REDHORSE         0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER SPOTTED BASS            0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER TADPOLE MADTOM          0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER WHITE BASS              0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER WHITE CRAPPIE           0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER WHITEFIN SHINER         0.00    44.290     7         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       1620.84                         0.00                           0.00                          0.00                      
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Table 1-21. (Continued). 
 
QUARTER=OCT 1993 TO DEC 1993 MONTH=OCTOBER 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
  OCTOBER THREADFIN SHAD        909.53    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
  OCTOBER BLUEBACK HERRING       14.24    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
  OCTOBER BLUEGILL                2.82    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
  OCTOBER GIZZARD SHAD            0.91    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
  OCTOBER WHITE CATFISH           0.76    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
  OCTOBER WHITE PERCH             0.34    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
  OCTOBER STRIPED BASS            0.31    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
  OCTOBER SPOTTAIL SHINER         0.15    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER HYBRID BASS             0.15    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER CHANNEL CATFISH         0.12    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER GREEN SUNFISH           0.07    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER WARMOUTH                0.07    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER BLACK CRAPPIE           0.07    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER YELLOW PERCH            0.06    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER CARP                    0.03    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER COOSA BASS              0.03    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER GOLDEN SHINER           0.03    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER YELLOW BULLHEAD         0.01    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER BROWN BULLHEAD          0.01    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER AMERICAN EEL            0.01    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER LONGNOSE GAR            0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER BLACK BULLHEAD          0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER BLACKBANDED DARTR       0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER BLUEHEAD CHUB           0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER BROWN TROUT             0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER CHAIN PICKEREL          0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER COASTAL SHINER          0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER FLAT BULLHEAD           0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER FLATHEAD CATFISH        0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER LARGEMOUTH BASS         0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER MADTOM                  0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER MARGINED MADTOM         0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER NORTHERN HOGSUCKR       0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER RAINBOW TROUT           0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER REDBREAST               0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER REDEAR                  0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER RIVER CARPSUCKER        0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER SILVER REDHORSE         0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER SPOTTED BASS            0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER TADPOLE MADTOM          0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER TESSELATED DARTR        0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER WHITE BASS              0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER WHITE CRAPPIE           0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  OCTOBER WHITEFIN SHINER         0.00    25.700     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        929.70                         0.00                           0.00                          0.00                     
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Table 1-21. (Continued). 
 
QUARTER=OCT 1993 TO DEC 1993 MONTH=NOVEMBER 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
 NOVEMBER THREADFIN SHAD        216.15    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
 NOVEMBER BLUEBACK HERRING        5.99    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
 NOVEMBER BLUEGILL                4.16    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 NOVEMBER GIZZARD SHAD            1.22    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 NOVEMBER SPOTTAIL SHINER         0.87    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 NOVEMBER YELLOW PERCH            0.44    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 NOVEMBER WHITE PERCH             0.41    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 NOVEMBER STRIPED BASS            0.41    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 NOVEMBER WHITE CATFISH           0.32    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 NOVEMBER GREEN SUNFISH           0.14    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER HYBRID BASS             0.12    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER BLUEHEAD CHUB           0.12    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER CHANNEL CATFISH         0.10    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER FLATHEAD CATFISH        0.01    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER AMERICAN EEL            0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER BLACK BULLHEAD          0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER BLACK CRAPPIE           0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER BLACKBANDED DARTR       0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER BROWN BULLHEAD          0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER BROWN TROUT             0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER CARP                    0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER CHAIN PICKEREL          0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER COASTAL SHINER          0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER COOSA BASS              0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER FLAT BULLHEAD           0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER GOLDEN SHINER           0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER LARGEMOUTH BASS         0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER LONGNOSE GAR            0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER MADTOM                  0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER MARGINED MADTOM         0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER NORTHERN HOGSUCKR       0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER RAINBOW TROUT           0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER REDBREAST               0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER REDEAR                  0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER RIVER CARPSUCKER        0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER SILVER REDHORSE         0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER SPOTTED BASS            0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER TADPOLE MADTOM          0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER TESSELATED DARTR        0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER WARMOUTH                0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER WHITE BASS              0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER WHITE CRAPPIE           0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER WHITEFIN SHINER         0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 NOVEMBER YELLOW BULLHEAD         0.00    13.330     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        230.44                         0.00                           0.00                          0.00                     
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Table 1-21. (Continued). 
 
QUARTER=OCT 1993 TO DEC 1993 MONTH=DECEMBER 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
 DECEMBER THREADFIN SHAD        466.26    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 DECEMBER BLUEBACK HERRING       43.27    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 DECEMBER BLUEGILL                1.31    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 DECEMBER GIZZARD SHAD            0.61    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 DECEMBER SPOTTAIL SHINER         0.53    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 DECEMBER YELLOW PERCH            0.36    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 DECEMBER HYBRID BASS             0.22    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER STRIPED BASS            0.07    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLACK CRAPPIE           0.05    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER AMERICAN EEL            0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLACK BULLHEAD          0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLACKBANDED DARTR       0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLUEHEAD CHUB           0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BROWN BULLHEAD          0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BROWN TROUT             0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER CARP                    0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER CHAIN PICKEREL          0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER CHANNEL CATFISH         0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER COASTAL SHINER          0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER COOSA BASS              0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER FLAT BULLHEAD           0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER FLATHEAD CATFISH        0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER GOLDEN SHINER           0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER GREEN SUNFISH           0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER LARGEMOUTH BASS         0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER LONGNOSE GAR            0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER MADTOM                  0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER MARGINED MADTOM         0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER NORTHERN HOGSUCKR       0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER RAINBOW TROUT           0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER REDBREAST               0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER REDEAR                  0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER RIVER CARPSUCKER        0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER SILVER REDHORSE         0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER SPOTTED BASS            0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER TADPOLE MADTOM          0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER TESSELATED DARTR        0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WARMOUTH                0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WHITE BASS              0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WHITE CATFISH           0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WHITE CRAPPIE           0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WHITE PERCH             0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WHITEFIN SHINER         0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER YELLOW BULLHEAD         0.00    12.250     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        512.69                         0.00                           0.00                          0.00                      
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Table 1-21. (Continued). 
 
QUARTER=JAN 1994 TO MAR 1994 MONTH=JANUARY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
  JANUARY THREADFIN SHAD       1408.68    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0    
  JANUARY BLUEBACK HERRING       21.92    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0    
  JANUARY YELLOW PERCH           11.87    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0    
  JANUARY SPOTTAIL SHINER         1.41    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0    
  JANUARY BLUEGILL                0.28    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0    
  JANUARY HYBRID BASS             0.07    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY SPOTTED BASS            0.06    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY STRIPED BASS            0.05    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY WHITE BASS              0.04    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY TESSELATED DARTR        0.02    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY AMERICAN EEL            0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY BLACK BULLHEAD          0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY BLACK CRAPPIE           0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY BLACKBANDED DARTR       0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY BLUEHEAD CHUB           0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY BROWN BULLHEAD          0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY BROWN TROUT             0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY CARP                    0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY CHAIN PICKEREL          0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY CHANNEL CATFISH         0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY COASTAL SHINER          0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY COOSA BASS              0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY FLAT BULLHEAD           0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY FLATHEAD CATFISH        0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY GIZZARD SHAD            0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY GOLDEN SHINER           0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY GREEN SUNFISH           0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY LARGEMOUTH BASS         0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY LONGNOSE GAR            0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY MADTOM                  0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY MARGINED MADTOM         0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY NORTHERN HOGSUCKR       0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY RAINBOW TROUT           0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY REDBREAST               0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY REDEAR                  0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY RIVER CARPSUCKER        0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY SILVER REDHORSE         0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY TADPOLE MADTOM          0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY WARMOUTH                0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY WHITE CATFISH           0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY WHITE CRAPPIE           0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY WHITE PERCH             0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY WHITEFIN SHINER         0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
  JANUARY YELLOW BULLHEAD         0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                   
     SUM                       1444.39                         0.00                           0.00                          0.00                    
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Table 1-21. (Continued). 
 
QUARTER=JAN 1994 TO MAR 1994 MONTH=FEBRUARY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
 FEBRUARY THREADFIN SHAD       1505.34    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 FEBRUARY GIZZARD SHAD           31.19    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 FEBRUARY YELLOW PERCH           28.73    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 FEBRUARY BLUEBACK HERRING       11.60    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 FEBRUARY SPOTTAIL SHINER         0.29    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 FEBRUARY BLUEGILL                0.29    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
 FEBRUARY WARMOUTH                0.13    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY HYBRID BASS             0.10    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITE BASS              0.09    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITEFIN SHINER         0.08    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY LARGEMOUTH BASS         0.05    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY STRIPED BASS            0.03    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITE PERCH             0.03    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY NORTHERN HOGSUCKR       0.02    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY AMERICAN EEL            0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLACK BULLHEAD          0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLACK CRAPPIE           0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLACKBANDED DARTR       0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLUEHEAD CHUB           0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BROWN BULLHEAD          0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BROWN TROUT             0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY CARP                    0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY CHAIN PICKEREL          0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY CHANNEL CATFISH         0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY COASTAL SHINER          0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY COOSA BASS              0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY FLAT BULLHEAD           0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY FLATHEAD CATFISH        0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY GOLDEN SHINER           0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY GREEN SUNFISH           0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY LONGNOSE GAR            0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY MADTOM                  0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY MARGINED MADTOM         0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY RAINBOW TROUT           0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY REDBREAST               0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY REDEAR                  0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY RIVER CARPSUCKER        0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY SILVER REDHORSE         0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY SPOTTED BASS            0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY TADPOLE MADTOM          0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY TESSELATED DARTR        0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITE CATFISH           0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITE CRAPPIE           0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY YELLOW BULLHEAD         0.00    13.440     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                   
     SUM                       1577.97                         0.00                           0.00                          0.00                    
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Table 1-21. (Continued). 
 
QUARTER=JAN 1994 TO MAR 1994 MONTH=MARCH 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
    MARCH YELLOW PERCH           11.37    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
    MARCH GIZZARD SHAD            5.54    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
    MARCH THREADFIN SHAD          3.13    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
    MARCH WHITE CRAPPIE           1.23    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
    MARCH BLUEGILL                1.04    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
    MARCH BLUEBACK HERRING        0.62    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
    MARCH SPOTTAIL SHINER         0.62    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
    MARCH HYBRID BASS             0.54    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
    MARCH STRIPED BASS            0.41    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
    MARCH WHITE PERCH             0.23    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
    MARCH BLACK CRAPPIE           0.13    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WARMOUTH                0.12    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH SPOTTED BASS            0.07    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH GREEN SUNFISH           0.03    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH TESSELATED DARTR        0.02    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH AMERICAN EEL            0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLACK BULLHEAD          0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLACKBANDED DARTR       0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLUEHEAD CHUB           0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BROWN BULLHEAD          0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BROWN TROUT             0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH CARP                    0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH CHAIN PICKEREL          0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH CHANNEL CATFISH         0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH COASTAL SHINER          0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH COOSA BASS              0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH FLAT BULLHEAD           0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH FLATHEAD CATFISH        0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH GOLDEN SHINER           0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH LARGEMOUTH BASS         0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH LONGNOSE GAR            0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH MADTOM                  0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH MARGINED MADTOM         0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH NORTHERN HOGSUCKR       0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH RAINBOW TROUT           0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH REDBREAST               0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH REDEAR                  0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH RIVER CARPSUCKER        0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH SILVER REDHORSE         0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH TADPOLE MADTOM          0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WHITE BASS              0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WHITE CATFISH           0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WHITEFIN SHINER         0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH YELLOW BULLHEAD         0.00    12.530     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                         25.10                         0.00                           0.00                          0.00                         
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Table 1-21. (Continued). 
 
QUARTER=APR 1994 TO JUN 1994 MONTH=APRIL 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
    APRIL THREADFIN SHAD         11.54    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0    
    APRIL SPOTTAIL SHINER        11.35    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0    
    APRIL BLUEBACK HERRING        4.41    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0    
    APRIL BLUEGILL                3.13    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
    APRIL GIZZARD SHAD            2.24    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
    APRIL YELLOW PERCH            2.04    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
    APRIL WHITE PERCH             1.78    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
    APRIL BLACK CRAPPIE           1.31    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
    APRIL STRIPED BASS            0.66    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
    APRIL WHITE CRAPPIE           0.45    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
    APRIL HYBRID BASS             0.40    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
    APRIL WARMOUTH                0.23    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0    
    APRIL TESSELATED DARTR        0.11    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL SILVER REDHORSE         0.07    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL WHITEFIN SHINER         0.03    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL AMERICAN EEL            0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BLACK BULLHEAD          0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BLACKBANDED DARTR       0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BLUEHEAD CHUB           0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BROWN BULLHEAD          0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BROWN TROUT             0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL CARP                    0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL CHAIN PICKEREL          0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL CHANNEL CATFISH         0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL COASTAL SHINER          0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL COOSA BASS              0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL FLAT BULLHEAD           0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL FLATHEAD CATFISH        0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL GOLDEN SHINER           0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL GREEN SUNFISH           0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL LARGEMOUTH BASS         0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL LONGNOSE GAR            0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL MADTOM                  0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL MARGINED MADTOM         0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL NORTHERN HOGSUCKR       0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL RAINBOW TROUT           0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL REDBREAST               0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL REDEAR                  0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL RIVER CARPSUCKER        0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL SPOTTED BASS            0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL TADPOLE MADTOM          0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL WHITE BASS              0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL WHITE CATFISH           0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL YELLOW BULLHEAD         0.00    12.550     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                   
     SUM                         39.75                         0.00                           0.00                          0.00                    
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Table 1-21. (Continued). 
 
QUARTER=APR 1994 TO JUN 1994 MONTH=MAY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
      MAY THREADFIN SHAD        244.07    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
      MAY BLUEBACK HERRING       52.29    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
      MAY BLACK CRAPPIE           7.08    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
      MAY YELLOW PERCH            6.51    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
      MAY WHITE PERCH             5.36    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
      MAY BLUEGILL                4.63    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
      MAY SPOTTAIL SHINER         3.78    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
      MAY STRIPED BASS            1.02    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
      MAY WHITE CRAPPIE           0.53    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
      MAY GIZZARD SHAD            0.39    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY WARMOUTH                0.27    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
      MAY MADTOM                  0.09    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY HYBRID BASS             0.06    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY CHAIN PICKEREL          0.04    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY GOLDEN SHINER           0.03    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY WHITE CATFISH           0.03    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY LARGEMOUTH BASS         0.03    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY RIVER CARPSUCKER        0.02    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY CHANNEL CATFISH         0.01    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BROWN BULLHEAD          0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY YELLOW BULLHEAD         0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY AMERICAN EEL            0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BLACK BULLHEAD          0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BLACKBANDED DARTR       0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BLUEHEAD CHUB           0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BROWN TROUT             0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY CARP                    0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY COASTAL SHINER          0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY COOSA BASS              0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY FLAT BULLHEAD           0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY FLATHEAD CATFISH        0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY GREEN SUNFISH           0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY LONGNOSE GAR            0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY MARGINED MADTOM         0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY NORTHERN HOGSUCKR       0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY RAINBOW TROUT           0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY REDBREAST               0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY REDEAR                  0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY SILVER REDHORSE         0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY SPOTTED BASS            0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY TADPOLE MADTOM          0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY TESSELATED DARTR        0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY WHITE BASS              0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY WHITEFIN SHINER         0.00    24.120     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        326.24                         0.00                           0.00                          0.00                     
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Table 1-21. (Continued). 
 
QUARTER=APR 1994 TO JUN 1994 MONTH=JUNE 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
     JUNE THREADFIN SHAD        309.72    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
     JUNE BLUEBACK HERRING       39.07    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
     JUNE YELLOW PERCH           36.68    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
     JUNE BLACK CRAPPIE           8.40    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
     JUNE BLUEGILL                7.09    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
     JUNE WHITE PERCH             5.71    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
     JUNE SPOTTAIL SHINER         3.67    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
     JUNE STRIPED BASS            0.44    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
     JUNE WARMOUTH                0.37    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
     JUNE GIZZARD SHAD            0.33    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
     JUNE WHITE CRAPPIE           0.08    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE LARGEMOUTH BASS         0.08    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE SPOTTED BASS            0.08    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE CHAIN PICKEREL          0.08    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WHITE BASS              0.02    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE CHANNEL CATFISH         0.01    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WHITE CATFISH           0.01    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE AMERICAN EEL            0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BLACK BULLHEAD          0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BLACKBANDED DARTR       0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BLUEHEAD CHUB           0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BROWN BULLHEAD          0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BROWN TROUT             0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE CARP                    0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE COASTAL SHINER          0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE COOSA BASS              0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE FLAT BULLHEAD           0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE FLATHEAD CATFISH        0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE GOLDEN SHINER           0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE GREEN SUNFISH           0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE HYBRID BASS             0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE LONGNOSE GAR            0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE MADTOM                  0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE MARGINED MADTOM         0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE NORTHERN HOGSUCKR       0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE RAINBOW TROUT           0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE REDBREAST               0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE REDEAR                  0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE RIVER CARPSUCKER        0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE SILVER REDHORSE         0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE TADPOLE MADTOM          0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE TESSELATED DARTR        0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WHITEFIN SHINER         0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE YELLOW BULLHEAD         0.00    23.250     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        411.83                         0.00                           0.00                          0.00                     
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Table 1-21. (Continued). 
 
QUARTER=JUL 1994 TO SEP 1994 MONTH=JULY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
     JULY THREADFIN SHAD       1118.23    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0    
     JULY YELLOW PERCH           37.01    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0    
     JULY BLUEGILL               26.55    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0    
     JULY BLACK CRAPPIE           5.66    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0     
     JULY BLUEBACK HERRING        5.59    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
     JULY WHITE PERCH             4.25    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
     JULY GIZZARD SHAD            2.08    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
     JULY WARMOUTH                0.75    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
     JULY WHITE CATFISH           0.61    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
     JULY BROWN BULLHEAD          0.48    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
     JULY LARGEMOUTH BASS         0.40    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
     JULY SPOTTAIL SHINER         0.25    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
     JULY CHANNEL CATFISH         0.13    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY GOLDEN SHINER           0.08    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY HYBRID BASS             0.07    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY CHAIN PICKEREL          0.06    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY FLATHEAD CATFISH        0.05    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY TESSELATED DARTR        0.04    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY YELLOW BULLHEAD         0.04    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY STRIPED BASS            0.03    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY TADPOLE MADTOM          0.02    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY AMERICAN EEL            0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BLACK BULLHEAD          0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BLACKBANDED DARTR       0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BLUEHEAD CHUB           0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BROWN TROUT             0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY CARP                    0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY COASTAL SHINER          0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY COOSA BASS              0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY FLAT BULLHEAD           0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY GREEN SUNFISH           0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY LONGNOSE GAR            0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY MADTOM                  0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY MARGINED MADTOM         0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY NORTHERN HOGSUCKR       0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY RAINBOW TROUT           0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY REDBREAST               0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY REDEAR                  0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY RIVER CARPSUCKER        0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY SILVER REDHORSE         0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY SPOTTED BASS            0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WHITE BASS              0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WHITE CRAPPIE           0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WHITEFIN SHINER         0.00    22.890     4         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       1202.39                         0.00                           0.00                          0.00                     
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Table 1-21. (Continued). 
 
QUARTER=JUL 1994 TO SEP 1994 MONTH=AUGUST 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
   AUGUST THREADFIN SHAD         94.31    14.570     3         0.00      0.00      0          0.00     0.00       0       187.47    16.18       4      
   AUGUST BLUEBACK HERRING       22.07    14.570     3         0.00      0.00      0          0.00     0.00       0        21.43    16.18       4      
   AUGUST BLUEGILL               31.00    14.570     3         0.00      0.00      0          0.00     0.00       0         9.03    16.18       4      
   AUGUST YELLOW PERCH           18.75    14.570     3         0.00      0.00      0          0.00     0.00       0        11.93    16.18       4      
   AUGUST GIZZARD SHAD            2.21    14.570     3         0.00      0.00      0          0.00     0.00       0        19.96    16.18       4      
   AUGUST BLACK CRAPPIE           0.71    14.570     3         0.00      0.00      0          0.00     0.00       0        19.33    16.18       4      
   AUGUST WHITE PERCH            14.23    14.570     3         0.00      0.00      0          0.00     0.00       0         5.05    16.18       4      
   AUGUST WHITE CATFISH           2.28    14.570     3         0.00      0.00      0          0.00     0.00       0         1.75    16.18       4     
   AUGUST CHANNEL CATFISH         1.80    14.570     3         0.00      0.00      0          0.00     0.00       0         1.14    16.18       4     
   AUGUST WARMOUTH                1.59    14.570     3         0.00      0.00      0          0.00     0.00       0         0.44    16.18       4     
   AUGUST LARGEMOUTH BASS         0.72    14.570     3         0.00      0.00      0          0.00     0.00       0         0.70    16.18       4     
   AUGUST HYBRID BASS             0.05    14.570     3         0.00      0.00      0          0.00     0.00       0         1.27    16.18       4     
   AUGUST STRIPED BASS            0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.84    16.18       4     
   AUGUST BROWN BULLHEAD          0.50    14.570     3         0.00      0.00      0          0.00     0.00       0         0.33    16.18       4     
   AUGUST WHITE CRAPPIE           0.19    14.570     3         0.00      0.00      0          0.00     0.00       0         0.59    16.18       4     
   AUGUST SPOTTAIL SHINER         0.03    14.570     3         0.00      0.00      0          0.00     0.00       0         0.37    16.18       4     
   AUGUST GOLDEN SHINER           0.03    14.570     3         0.00      0.00      0          0.00     0.00       0         0.12    16.18       4         
   AUGUST BLUEHEAD CHUB           0.13    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST COASTAL SHINER          0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.12    16.18       4         
   AUGUST YELLOW BULLHEAD         0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.07    16.18       4         
   AUGUST RAINBOW TROUT           0.03    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST AMERICAN EEL            0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLACK BULLHEAD          0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST BLACKBANDED DARTR       0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLUE CATFISH            0.00     0.000     0         0.00      0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST BROWN TROUT             0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST CARP                    0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST CHAIN PICKEREL          0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST COOSA BASS              0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST FLAT BULLHEAD           0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST FLATHEAD CATFISH        0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST FLIER                   0.00     0.000     0         0.00      0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST GREEN SUNFISH           0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST LONGNOSE GAR            0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST MADTOM                  0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST MARGINED MADTOM         0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST NORTHERN HOGSUCKR       0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST PUMPKINSEED             0.00     0.000     0         0.00      0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST REDBREAST               0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST REDBREAST SUNFISH       0.00     0.000     0         0.00      0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST REDEAR                  0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST RIVER CARPSUCKER        0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST SILVER REDHORSE         0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST SPOTTED BASS            0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST STRIPED KILLIFISH       0.00     0.000     0         0.00      0.00      0          0.00     0.00       0         0.00    16.18       4         
   AUGUST TADPOLE MADTOM          0.00    14.570     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    
                            -----------                   -----------                   -----------                   -----------                   
     SUM                        190.63                         0.00                           0.00                        281.92                    
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Table 1-21. (Continued). 
 
QUARTER=JAN 1995 TO MAR 1995 MONTH=MARCH 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
    MARCH THREADFIN SHAD       2714.36    12.100     2         0.00      0.00      0       1548.66     2.00       1       233.92     4.00       2    
    MARCH BLUEBACK HERRING     4191.62    12.100     2         0.00      0.00      0          4.88     2.00       1         7.19     4.00       2    
    MARCH YELLOW PERCH           89.64    12.100     2         0.00      0.00      0         17.07     2.00       1        33.05     4.00       2    
    MARCH WHITE PERCH            30.12    12.100     2         0.00      0.00      0          0.52     2.00       1         7.29     4.00       2    
    MARCH SPOTTAIL SHINER         6.07    12.100     2         0.00      0.00      0         10.77     2.00       1         4.87     4.00       2     
    MARCH HYBRID BASS             3.17    12.100     2         0.00      0.00      0         10.33     2.00       1         3.10     4.00       2     
    MARCH BLACK CRAPPIE           5.64    12.100     2         0.00      0.00      0          0.00     2.00       1         0.00     4.00       2     
    MARCH GIZZARD SHAD            2.07    12.100     2         0.00      0.00      0          1.95     2.00       1         0.33     4.00       2     
    MARCH BLUEGILL                0.83    12.100     2         0.00      0.00      0          2.09     2.00       1         0.24     4.00       2     
    MARCH STRIPED BASS            1.28    12.100     2         0.00      0.00      0          0.52     2.00       1         0.52     4.00       2     
    MARCH GOLDEN SHINER           0.05    12.100     2         0.00      0.00      0          1.55     2.00       1         0.00     4.00       2     
    MARCH WHITE CRAPPIE           0.33    12.100     2         0.00      0.00      0          0.00     2.00       1         0.24     4.00       2     
    MARCH WHITE BASS              0.46    12.100     2         0.00      0.00      0          0.00     2.00       1         0.00     4.00       2     
    MARCH WARMOUTH                0.16    12.100     2         0.00      0.00      0          0.00     2.00       1         0.00     4.00       2         
    MARCH TESSELATED DARTR        0.04    12.100     2         0.00      0.00      0          0.00     2.00       1         0.00     4.00       2         
    MARCH RIVER CARPSUCKER        0.03    12.100     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH AMERICAN EEL            0.00    12.100     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLACK BULLHEAD          0.00    12.100     2         0.00      0.00      0          0.00     2.00       1         0.00     4.00       2         
    MARCH BLACKBANDED DARTR       0.00    12.100     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLUE CATFISH            0.00     0.000     0         0.00      0.00      0          0.00     0.00       0         0.00     4.00       2         
    MARCH BLUEHEAD CHUB           0.00    12.100     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BROWN BULLHEAD          0.00    12.100     2         0.00      0.00      0          0.00     2.00       1         0.00     4.00       2         
    MARCH BROWN TROUT             0.00    12.100     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH CARP                    0.00    12.100     2         0.00      0.00      0          0.00     2.00       1         0.00     0.00       0         
    MARCH CHAIN PICKEREL          0.00    12.100     2         0.00      0.00      0          0.00     2.00       1         0.00     4.00       2         
    MARCH CHANNEL CATFISH         0.00    12.100     2         0.00      0.00      0          0.00     2.00       1         0.00     4.00       2         
    MARCH COASTAL SHINER          0.00    12.100     2         0.00      0.00      0          0.00     0.00       0         0.00     4.00       2         
    MARCH COOSA BASS              0.00    12.100     2         0.00      0.00      0          0.00     0.00       0         0.00     4.00       2         
    MARCH FLAT BULLHEAD           0.00    12.100     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH FLATHEAD CATFISH        0.00    12.100     2         0.00      0.00      0          0.00     2.00       1         0.00     4.00       2         
    MARCH FLIER                   0.00     0.000     0         0.00      0.00      0          0.00     0.00       0         0.00     4.00       2         
    MARCH GREEN SUNFISH           0.00    12.100     2         0.00      0.00      0          0.00     2.00       1         0.00     0.00       0         
    MARCH LARGEMOUTH BASS         0.00    12.100     2         0.00      0.00      0          0.00     2.00       1         0.00     4.00       2         
    MARCH LONGNOSE GAR            0.00    12.100     2         0.00      0.00      0          0.00     2.00       1         0.00     4.00       2         
    MARCH MADTOM                  0.00    12.100     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH MARGINED MADTOM         0.00    12.100     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH NORTHERN HOGSUCKR       0.00    12.100     2         0.00      0.00      0          0.00     2.00       1         0.00     0.00       0         
    MARCH PUMPKINSEED             0.00     0.000     0         0.00      0.00      0          0.00     0.00       0         0.00     4.00       2         
    MARCH RAINBOW TROUT           0.00    12.100     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH REDBREAST               0.00    12.100     2         0.00      0.00      0          0.00     2.00       1         0.00     4.00       2         
    MARCH REDBREAST SUNFISH       0.00     0.000     0         0.00      0.00      0          0.00     0.00       0         0.00     4.00       2         
    MARCH REDEAR                  0.00    12.100     2         0.00      0.00      0          0.00     2.00       1         0.00     0.00       0         
    MARCH SILVER REDHORSE         0.00    12.100     2         0.00      0.00      0          0.00     2.00       1         0.00     0.00       0         
    MARCH SPOTTED BASS            0.00    12.100     2         0.00      0.00      0          0.00     2.00       1         0.00     4.00       2         
    MARCH STRIPED KILLIFISH       0.00     0.000     0         0.00      0.00      0          0.00     0.00       0         0.00     4.00       2   
    
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       7045.86                         0.00                        1598.31                        290.74                     
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Table 1-21. (Continued). 
 
QUARTER=APR 1995 TO JUN 1995 MONTH=APRIL 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
    APRIL BLUEBACK HERRING     2804.11    17.50       3        0.00      0.00      0         62.76    18.00      10     20439.49     1.50       1      
    APRIL THREADFIN SHAD        141.61    17.50       3        0.00      0.00      0        162.15    18.00      10         2.08     1.50       1        
    APRIL WHITE PERCH            19.87    17.50       3        0.00      0.00      0         26.28    18.00      10         1.64     1.50       1        
    APRIL YELLOW PERCH           31.54    17.50       3        0.00      0.00      0         11.76    18.00      10         2.02     1.50       1        
    APRIL WHITE CRAPPIE           1.57    17.50       3        0.00      0.00      0         13.14    18.00      10        14.88     1.50       1         
    APRIL GIZZARD SHAD            2.51    17.50       3        0.00      0.00      0          1.77    18.00      10         8.33     1.50       1         
    APRIL BLUEGILL                4.42    17.50       3        0.00      0.00      0          4.30    18.00      10         3.65     1.50       1         
    APRIL BLACK CRAPPIE           2.67    17.50       3        0.00      0.00      0          2.09    18.00      10         1.67     1.50       1         
    APRIL SPOTTAIL SHINER         1.22    17.50       3        0.00      0.00      0          1.93    18.00      10         0.00     1.50       1         
    APRIL HYBRID BASS             1.74    17.50       3        0.00      0.00      0          0.72    18.00      10         0.00     1.50       1         
    APRIL WHITE BASS              0.19    17.50       3        0.00      0.00      0          0.18    18.00      10         1.56     1.50       1         
    APRIL STRIPED BASS            0.29    17.50       3        0.00      0.00      0          0.21    18.00      10         0.00     1.50       1         
    APRIL GOLDEN SHINER           0.12    17.50       3        0.00      0.00      0          0.35    18.00      10         0.00     1.50       1         
    APRIL WARMOUTH                0.00    17.50       3        0.00      0.00      0          0.28    18.00      10         0.00     1.50       1         
    APRIL GREEN SUNFISH           0.00    17.50       3        0.00      0.00      0          0.21    18.00      10         0.00     0.00       0         
    APRIL SILVER REDHORSE         0.07    17.50       3        0.00      0.00      0          0.05    18.00      10         0.00     0.00       0         
    APRIL CARP                    0.02    17.50       3        0.00      0.00      0          0.05    18.00      10         0.00     0.00       0         
    APRIL BLACK BULLHEAD          0.00    17.50       3        0.00      0.00      0          0.00    18.00      10         0.00     1.50       1         
    APRIL BLACKBANDED DARTR       0.00    17.50       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BLUE CATFISH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     1.50       1         
    APRIL BLUEHEAD CHUB           0.00    17.50       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BROWN BULLHEAD          0.00    17.50       3        0.00      0.00      0          0.00    18.00      10         0.00     1.50       1         
    APRIL BROWN TROUT             0.00    17.50       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL CHAIN PICKEREL          0.00    17.50       3        0.00      0.00      0          0.00    18.00      10         0.00     1.50       1         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       3011.96                         0.00                         288.21                      20475.33                       
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able 1-21. (Continued). 
 
QUARTER=APR 1995 TO JUN 1995 MONTH=MAY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
      MAY BLUEBACK HERRING        0.00     0.00       0        0.00      0.00      0        103.73    23.00      13         0.00     0.00       0        
      MAY WHITE PERCH             0.00     0.00       0        0.00      0.00      0         32.39    23.00      13         0.00     0.00       0         
      MAY THREADFIN SHAD          0.00     0.00       0        0.00      0.00      0         24.84    23.00      13         0.00     0.00       0         
      MAY BLACK CRAPPIE           0.00     0.00       0        0.00      0.00      0         17.74    23.00      13         0.00     0.00       0         
      MAY YELLOW PERCH            0.00     0.00       0        0.00      0.00      0         10.85    23.00      13         0.00     0.00       0         
      MAY SPOTTAIL SHINER         0.00     0.00       0        0.00      0.00      0          7.37    23.00      13         0.00     0.00       0         
      MAY WHITE CRAPPIE           0.00     0.00       0        0.00      0.00      0          2.80    23.00      13         0.00     0.00       0         
      MAY STRIPED BASS            0.00     0.00       0        0.00      0.00      0          0.53    23.00      13         0.00     0.00       0         
      MAY WARMOUTH                0.00     0.00       0        0.00      0.00      0          0.32    23.00      13         0.00     0.00       0         
      MAY BLUEGILL                0.00     0.00       0        0.00      0.00      0          0.11    23.00      13         0.00     0.00       0         
      MAY SILVER REDHORSE         0.00     0.00       0        0.00      0.00      0          0.11    23.00      13         0.00     0.00       0         
      MAY WHITE CATFISH           0.00     0.00       0        0.00      0.00      0          0.08    23.00      13         0.00     0.00       0         
      MAY HYBRID BASS             0.00     0.00       0        0.00      0.00      0          0.04    23.00      13         0.00     0.00       0         
      MAY BROWN BULLHEAD          0.00     0.00       0        0.00      0.00      0          0.01    23.00      13         0.00     0.00       0         
      MAY LONGNOSE GAR            0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY BLACK BULLHEAD          0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY CARP                    0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY CHAIN PICKEREL          0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY CHANNEL CATFISH         0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY FLATHEAD CATFISH        0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY GIZZARD SHAD            0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY GOLDEN SHINER           0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
      MAY GREEN SUNFISH           0.00     0.00       0        0.00      0.00      0          0.00    23.00      13         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                          0.00                         0.00                         200.93                          0.00                         
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Table 1-21. (Continued). 
 
QUARTER=APR 1995 TO JUN 1995 MONTH=JUNE 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER   
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
     JUNE BLACK CRAPPIE          12.71     5.53       2        0.00      0.00      0         32.96     9.38       5       257.76     3.50       5        
     JUNE BLUEBACK HERRING      171.12     5.53       2        0.00      0.00      0         16.58     9.38       5       106.80     3.50       5        
     JUNE YELLOW PERCH           32.94     5.53       2        0.00      0.00      0         36.25     9.38       5        85.72     3.50       5        
     JUNE THREADFIN SHAD         43.01     5.53       2        0.00      0.00      0          0.78     9.38       5         0.70     3.50       5        
     JUNE WHITE CRAPPIE           1.01     5.53       2        0.00      0.00      0          1.47     9.38       5        12.43     3.50       5         
     JUNE BLUEGILL               14.39     5.53       2        0.00      0.00      0          0.47     9.38       5         0.00     3.50       5         
     JUNE SPOTTAIL SHINER         8.17     5.53       2        0.00      0.00      0          0.54     9.38       5         0.63     3.50       5         
     JUNE WHITE PERCH             4.50     5.53       2        0.00      0.00      0          1.64     9.38       5         0.00     3.50       5         
     JUNE COOSA BASS              0.18     5.53       2        0.00      0.00      0          0.00     0.00       0         0.54     3.50       5         
     JUNE WARMOUTH                0.37     5.53       2        0.00      0.00      0          0.00     9.38       5         0.21     3.50       5         
     JUNE STRIPED BASS            0.08     5.53       2        0.00      0.00      0          0.00     9.38       5         0.49     3.50       5         
     JUNE TESSELATED DARTR        0.36     5.53       2        0.00      0.00      0          0.00     9.38       5         0.00     3.50       5         
     JUNE WHITE CATFISH           0.09     5.53       2        0.00      0.00      0          0.10     9.38       5         0.11     3.50       5         
     JUNE GIZZARD SHAD            0.29     5.53       2        0.00      0.00      0          0.00     9.38       5         0.00     3.50       5         
     JUNE WHITE BASS              0.17     5.53       2        0.00      0.00      0          0.12     9.38       5         0.00     3.50       5         
     JUNE NORTHERN HOGSUCKR       0.22     5.53       2        0.00      0.00      0          0.00     9.38       5         0.00     0.00       0         
     JUNE CHANNEL CATFISH         0.02     5.53       2        0.00      0.00      0          0.01     9.38       5         0.09     3.50       5         
     JUNE BROWN BULLHEAD          0.05     5.53       2        0.00      0.00      0          0.01     9.38       5         0.00     3.50       5         
     JUNE BLACK BULLHEAD          0.00     5.53       2        0.00      0.00      0          0.01     9.38       5         0.00     3.50       5         
     JUNE BLACKBANDED DARTR       0.00     5.53       2        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BLUE CATFISH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     3.50       5         
     JUNE BLUEHEAD CHUB           0.00     5.53       2        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BROWN TROUT             0.00     5.53       2        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE CARP                    0.00     5.53       2        0.00      0.00      0          0.00     9.38       5         0.00     0.00       0         
     JUNE CHAIN PICKEREL          0.00     5.53       2        0.00      0.00      0          0.00     9.38       5         0.00     3.50       5         
     JUNE COASTAL SHINER          0.00     5.53       2        0.00      0.00      0          0.00     0.00       0         0.00     3.50       5         
     JUNE FLAT BULLHEAD           0.00     5.53       2        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        289.67                         0.00                          90.96                        465.47                        
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Table 1-21. (Continued). 
 
QUARTER=JUL 1995 TO SEP 1995 MONTH=JULY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER   
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
     JULY BLUEBACK HERRING      875.23     8.39       4        0.00      0.00      0          0.00     0.00       0      1135.12    19.50      11       
     JULY THREADFIN SHAD        675.12     8.39       4        0.00      0.00      0          0.00     0.00       0        29.22    19.50      11       
     JULY BLACK CRAPPIE           6.25     8.39       4        0.00      0.00      0          0.00     0.00       0       121.17    19.50      11        
     JULY YELLOW PERCH           12.53     8.39       4        0.00      0.00      0          0.00     0.00       0        20.31    19.50      11         
     JULY BLUEGILL               22.77     8.39       4        0.00      0.00      0          0.00     0.00       0         7.93    19.50      11         
     JULY WHITE CRAPPIE           0.00     8.39       4        0.00      0.00      0          0.00     0.00       0         3.92    19.50      11         
     JULY SPOTTAIL SHINER         3.15     8.39       4        0.00      0.00      0          0.00     0.00       0         0.16    19.50      11         
     JULY WHITE PERCH             1.02     8.39       4        0.00      0.00      0          0.00     0.00       0         1.26    19.50      11         
     JULY CHANNEL CATFISH         0.66     8.39       4        0.00      0.00      0          0.00     0.00       0         0.24    19.50      11         
     JULY SPOTTED BASS            0.64     8.39       4        0.00      0.00      0          0.00     0.00       0         0.20    19.50      11         
     JULY GIZZARD SHAD            0.13     8.39       4        0.00      0.00      0          0.00     0.00       0         0.69    19.50      11         
     JULY GREEN SUNFISH           0.66     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WHITE CATFISH           0.27     8.39       4        0.00      0.00      0          0.00     0.00       0         0.34    19.50      11         
     JULY WARMOUTH                0.32     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00    19.50      11         
     JULY TESSELATED DARTR        0.10     8.39       4        0.00      0.00      0          0.00     0.00       0         0.10    19.50      11         
     JULY CARP                    0.18     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY HYBRID BASS             0.06     8.39       4        0.00      0.00      0          0.00     0.00       0         0.05    19.50      11         
     JULY BROWN BULLHEAD          0.05     8.39       4        0.00      0.00      0          0.00     0.00       0         0.05    19.50      11         
     JULY FLATHEAD CATFISH        0.08     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00    19.50      11         
     JULY STRIPED BASS            0.06     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00    19.50      11         
     JULY BLUE CATFISH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.02    19.50      11         
     JULY BLACK BULLHEAD          0.00     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00    19.50      11         
     JULY BLACKBANDED DARTR       0.00     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BLUEHEAD CHUB           0.00     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BROWN TROUT             0.00     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY CHAIN PICKEREL          0.00     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00    19.50      11         
     JULY COASTAL SHINER          0.00     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00    19.50      11         
     JULY COOSA BASS              0.00     8.39       4        0.00      0.00      0          0.00     0.00       0         0.00    19.50      11         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       1599.28                         0.00                           0.00                       1320.78                        
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Table 1-21. (Continued). 
 
QUARTER=JUL 1995 TO SEP 1995 MONTH=AUGUST 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
   AUGUST BLUEBACK HERRING     1187.10    10.00       3        0.00      0.00      0       4144.96     1.95       2      6355.48    18.75      11      
   AUGUST THREADFIN SHAD        373.22    10.00       3        0.00      0.00      0         68.23     1.95       2       176.57    18.75      11       
   AUGUST BLACK CRAPPIE           2.48    10.00       3        0.00      0.00      0          1.16     1.95       2        12.37    18.75      11         
   AUGUST WHITE PERCH            12.09    10.00       3        0.00      0.00      0          0.00     1.95       2         1.55    18.75      11         
   AUGUST BLUEGILL                8.69    10.00       3        0.00      0.00      0          0.00     1.95       2         1.38    18.75      11         
   AUGUST YELLOW PERCH            2.54    10.00       3        0.00      0.00      0          0.40     1.95       2         2.36    18.75      11         
   AUGUST GIZZARD SHAD            0.48    10.00       3        0.00      0.00      0          0.00     1.95       2         0.73    18.75      11         
   AUGUST CHANNEL CATFISH         0.44    10.00       3        0.00      0.00      0          0.31     1.95       2         0.23    18.75      11         
   AUGUST WHITE CRAPPIE           0.71    10.00       3        0.00      0.00      0          0.00     1.95       2         0.00    18.75      11         
   AUGUST YELLOW BULLHEAD         0.34    10.00       3        0.00      0.00      0          0.00     0.00       0         0.37    18.75      11         
   AUGUST WHITE CATFISH           0.53    10.00       3        0.00      0.00      0          0.00     1.95       2         0.16    18.75      11         
   AUGUST BROWN BULLHEAD          0.46    10.00       3        0.00      0.00      0          0.00     1.95       2         0.20    18.75      11         
   AUGUST SPOTTED BASS            0.00    10.00       3        0.00      0.00      0          0.00     1.95       2         0.21    18.75      11         
   AUGUST MARGINED MADTOM         0.21    10.00       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WARMOUTH                0.13    10.00       3        0.00      0.00      0          0.00     1.95       2         0.00    18.75      11         
   AUGUST PUMPKINSEED             0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.11    18.75      11         
   AUGUST HYBRID BASS             0.00    10.00       3        0.00      0.00      0          0.00     1.95       2         0.08    18.75      11         
   AUGUST STRIPED BASS            0.00    10.00       3        0.00      0.00      0          0.00     1.95       2         0.08    18.75      11         
   AUGUST WHITEFIN SHINER         0.00    10.00       3        0.00      0.00      0          0.00     0.00       0         0.06    18.75      11         
   AUGUST CARP                    0.05    10.00       3        0.00      0.00      0          0.00     1.95       2         0.00     0.00       0         
   AUGUST BLUE CATFISH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.05    18.75      11         
   AUGUST BLACK BULLHEAD          0.00    10.00       3        0.00      0.00      0          0.00     1.95       2         0.03    18.75      11         
   AUGUST BLACKBANDED DARTR       0.00    10.00       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLUEHEAD CHUB           0.00    10.00       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BROWN TROUT             0.00    10.00       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST CHAIN PICKEREL          0.00    10.00       3        0.00      0.00      0          0.00     1.95       2         0.00    18.75      11         
   AUGUST COASTAL SHINER          0.00    10.00       3        0.00      0.00      0          0.00     0.00       0         0.00    18.75      11         
   AUGUST COOSA BASS              0.00    10.00       3        0.00      0.00      0          0.00     0.00       0         0.00    18.75      11         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       1589.48                         0.00                        4215.05                       6552.03                       







 
  -85 


Table 1-21. (Continued). 
 
QUARTER=JUL 1995 TO SEP 1995 MONTH=SEPTEMBER 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
SEPTEMBER BLUEBACK HERRING       50.16     3.00       1        0.00      0.00      0        985.35     8.00       3         8.54    17.92       9       
SEPTEMBER THREADFIN SHAD        195.51     3.00       1        0.00      0.00      0         12.33     8.00       3        33.73    17.92       9        
SEPTEMBER BLUEGILL               17.41     3.00       1        0.00      0.00      0          0.23     8.00       3         0.77    17.92       9         
SEPTEMBER WHITE PERCH            11.23     3.00       1        0.00      0.00      0          1.24     8.00       3         1.98    17.92       9         
SEPTEMBER BLACK CRAPPIE           5.05     3.00       1        0.00      0.00      0          0.41     8.00       3         8.52    17.92       9         
SEPTEMBER YELLOW PERCH            5.87     3.00       1        0.00      0.00      0          0.17     8.00       3         1.11    17.92       9         
SEPTEMBER WHITE CATFISH           2.60     3.00       1        0.00      0.00      0          0.40     8.00       3         1.96    17.92       9         
SEPTEMBER GIZZARD SHAD            0.67     3.00       1        0.00      0.00      0          0.33     8.00       3         0.33    17.92       9         
SEPTEMBER CHANNEL CATFISH         0.67     3.00       1        0.00      0.00      0          0.05     8.00       3         0.30    17.92       9         
SEPTEMBER WHITE CRAPPIE           0.00     3.00       1        0.00      0.00      0          0.23     8.00       3         0.43    17.92       9         
SEPTEMBER LARGEMOUTH BASS         0.61     3.00       1        0.00      0.00      0          0.00     8.00       3         0.00    17.92       9         
SEPTEMBER WARMOUTH                0.60     3.00       1        0.00      0.00      0          0.00     8.00       3         0.00    17.92       9         
SEPTEMBER SPOTTAIL SHINER         0.45     3.00       1        0.00      0.00      0          0.00     8.00       3         0.00    17.92       9         
SEPTEMBER BROWN BULLHEAD          0.36     3.00       1        0.00      0.00      0          0.00     8.00       3         0.03    17.92       9         
SEPTEMBER WHITE BASS              0.27     3.00       1        0.00      0.00      0          0.00     8.00       3         0.00    17.92       9         
SEPTEMBER BLACK BULLHEAD          0.00     3.00       1        0.00      0.00      0          0.15     8.00       3         0.07    17.92       9         
SEPTEMBER TESSELATED DARTR        0.21     3.00       1        0.00      0.00      0          0.00     8.00       3         0.00    17.92       9         
SEPTEMBER GOLDEN SHINER           0.17     3.00       1        0.00      0.00      0          0.00     8.00       3         0.00    17.92       9         
SEPTEMBER REDBREAST SUNFISH       0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.12    17.92       9         
SEPTEMBER FLATHEAD CATFISH        0.00     3.00       1        0.00      0.00      0          0.00     8.00       3         0.03    17.92       9         
SEPTEMBER BLACKBANDED DARTR       0.00     3.00       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER BLUE CATFISH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00    17.92       9         
SEPTEMBER BLUEHEAD CHUB           0.00     3.00       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER BROWN TROUT             0.00     3.00       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
SEPTEMBER CARP                    0.00     3.00       1        0.00      0.00      0          0.00     8.00       3         0.00     0.00       0         
SEPTEMBER CHAIN PICKEREL          0.00     3.00       1        0.00      0.00      0          0.00     8.00       3         0.00    17.92       9         
SEPTEMBER COASTAL SHINER          0.00     3.00       1        0.00      0.00      0          0.00     0.00       0         0.00    17.92       9         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        291.83                         0.00                        1000.90                         57.94                        
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Table 1-21. (Continued). 
 
QUARTER=OCT 1995 TO DEC 1995 MONTH=OCTOBER 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER   
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
  OCTOBER THREADFIN SHAD          0.00     0.00       0        0.00      0.00      0        885.84    15.16       8       677.64    11.17       5       
  OCTOBER BLUEBACK HERRING        0.00     0.00       0        0.00      0.00      0         10.59    15.16       8         4.61    11.17       5         
  OCTOBER BLACK CRAPPIE           0.00     0.00       0        0.00      0.00      0          1.02    15.16       8         7.22    11.17       5         
  OCTOBER BLUEGILL                0.00     0.00       0        0.00      0.00      0          1.96    15.16       8         3.83    11.17       5         
  OCTOBER WHITE PERCH             0.00     0.00       0        0.00      0.00      0          1.57    15.16       8         1.00    11.17       5         
  OCTOBER WHITE CATFISH           0.00     0.00       0        0.00      0.00      0          1.04    15.16       8         1.08    11.17       5         
  OCTOBER GIZZARD SHAD            0.00     0.00       0        0.00      0.00      0          0.58    15.16       8         0.16    11.17       5         
  OCTOBER CHANNEL CATFISH         0.00     0.00       0        0.00      0.00      0          0.26    15.16       8         0.26    11.17       5         
  OCTOBER WHITE CRAPPIE           0.00     0.00       0        0.00      0.00      0          0.00    15.16       8         0.47    11.17       5         
  OCTOBER YELLOW PERCH            0.00     0.00       0        0.00      0.00      0          0.09    15.16       8         0.34    11.17       5         
  OCTOBER WARMOUTH                0.00     0.00       0        0.00      0.00      0          0.41    15.16       8         0.00    11.17       5         
  OCTOBER BLACK BULLHEAD          0.00     0.00       0        0.00      0.00      0          0.04    15.16       8         0.03    11.17       5         
  OCTOBER FLATHEAD CATFISH        0.00     0.00       0        0.00      0.00      0          0.00    15.16       8         0.05    11.17       5         
  OCTOBER BLUE CATFISH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00    11.17       5         
  OCTOBER BROWN BULLHEAD          0.00     0.00       0        0.00      0.00      0          0.00    15.16       8         0.00    11.17       5         
  OCTOBER CARP                    0.00     0.00       0        0.00      0.00      0          0.00    15.16       8         0.00     0.00       0         
  OCTOBER CHAIN PICKEREL          0.00     0.00       0        0.00      0.00      0          0.00    15.16       8         0.00    11.17       5         
  OCTOBER COASTAL SHINER          0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00    11.17       5         
  OCTOBER COOSA BASS              0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00    11.17       5         
  OCTOBER FLIER                   0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00    11.17       5         
  OCTOBER GOLDEN SHINER           0.00     0.00       0        0.00      0.00      0          0.00    15.16       8         0.00    11.17       5         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                          0.00                         0.00                         903.39                        696.67                        
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Table 1-21. (Continued). 
 
QUARTER=OCT 1995 TO DEC 1995 MONTH=NOVEMBER 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER   
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
 NOVEMBER THREADFIN SHAD          0.00     0.00       0      154.48      3.50      2       1354.44     7.00       4       597.33     9.00       4       
 NOVEMBER BLUEBACK HERRING        0.00     0.00       0        2.07      3.50      2          2.75     7.00       4         1.09     9.00       4         
 NOVEMBER WHITE CATFISH           0.00     0.00       0        0.25      3.50      2          4.40     7.00       4         0.39     9.00       4         
 NOVEMBER BLACK CRAPPIE           0.00     0.00       0        0.00      3.50      2          0.96     7.00       4         2.33     9.00       4         
 NOVEMBER CHANNEL CATFISH         0.00     0.00       0        0.15      3.50      2          2.31     7.00       4         0.16     9.00       4         
 NOVEMBER BLUEGILL                0.00     0.00       0        0.00      3.50      2          0.88     7.00       4         1.74     9.00       4         
 NOVEMBER WHITE PERCH             0.00     0.00       0        0.36      3.50      2          0.90     7.00       4         0.35     9.00       4         
 NOVEMBER GIZZARD SHAD            0.00     0.00       0        0.00      3.50      2          1.50     7.00       4         0.00     9.00       4         
 NOVEMBER YELLOW PERCH            0.00     0.00       0        0.00      3.50      2          0.57     7.00       4         0.19     9.00       4         
 NOVEMBER STRIPED BASS            0.00     0.00       0        0.65      3.50      2          0.00     7.00       4         0.00     9.00       4         
 NOVEMBER SPOTTAIL SHINER         0.00     0.00       0        0.39      3.50      2          0.00     7.00       4         0.00     9.00       4         
 NOVEMBER HYBRID BASS             0.00     0.00       0        0.27      3.50      2          0.00     7.00       4         0.00     9.00       4         
 NOVEMBER BROWN BULLHEAD          0.00     0.00       0        0.03      3.50      2          0.00     7.00       4         0.00     9.00       4         
 NOVEMBER BLACK BULLHEAD          0.00     0.00       0        0.00      3.50      2          0.00     7.00       4         0.00     9.00       4         
 NOVEMBER BLUE CATFISH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     9.00       4         
 NOVEMBER CARP                    0.00     0.00       0        0.00      0.00      0          0.00     7.00       4         0.00     0.00       0         
 NOVEMBER CHAIN PICKEREL          0.00     0.00       0        0.00      3.50      2          0.00     7.00       4         0.00     9.00       4         
 NOVEMBER COASTAL SHINER          0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     9.00       4         
 NOVEMBER COOSA BASS              0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     9.00       4         
 NOVEMBER CREEK CHUB              0.00     0.00       0        0.00      3.50      2          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                          0.00                       158.66                        1368.71                        603.59                        
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Table 1-21. (Continued). 
 
QUARTER=OCT 1995 TO DEC 1995 MONTH=DECEMBER 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
 DECEMBER THREADFIN SHAD        248.12     8.25       3     1679.43      2.00      2          0.00     0.00       0         0.00     0.00       0       
 DECEMBER BLUEBACK HERRING        5.16     8.25       3        2.26      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER SPOTTAIL SHINER         0.31     8.25       3        0.60      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER YELLOW PERCH            0.62     8.25       3        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER STRIPED BASS            0.15     8.25       3        0.45      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLACK CRAPPIE           0.08     8.25       3        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER LARGEMOUTH BASS         0.06     8.25       3        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WHITE BASS              0.06     8.25       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WHITE PERCH             0.06     8.25       3        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLUEGILL                0.04     8.25       3        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLACK BULLHEAD          0.00     8.25       3        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLACKBANDED DARTR       0.00     8.25       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLUEHEAD CHUB           0.00     8.25       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BROWN BULLHEAD          0.00     8.25       3        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BROWN TROUT             0.00     8.25       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER CARP                    0.00     8.25       3        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER CHAIN PICKEREL          0.00     8.25       3        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
 DECEMBER CHANNEL CATFISH         0.00     8.25       3        0.00      2.00      2          0.00     0.00       0         0.00     0.00       0         
                             ---------                   ----------                    -----------                   -----------  
     SUM                        254.66                      1682.74                           0.00                          0.00                        
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Table 1-21. (Continued). 
 
QUARTER=JAN 1996 TO MAR 1996 MONTH=JANUARY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
  JANUARY THREADFIN SHAD          0.00     0.00       0        0.00      0.00      0        652.11     2.50       1       403.85     4.00       2       
  JANUARY BLUEBACK HERRING        0.00     0.00       0        0.00      0.00      0         27.54     2.50       1        14.21     4.00       2        
  JANUARY BLACK CRAPPIE           0.00     0.00       0        0.00      0.00      0          3.90     2.50       1         0.57     4.00       2         
  JANUARY YELLOW PERCH            0.00     0.00       0        0.00      0.00      0          1.77     2.50       1         1.12     4.00       2         
  JANUARY BLUEGILL                0.00     0.00       0        0.00      0.00      0          2.38     2.50       1         0.00     4.00       2         
  JANUARY STRIPED BASS            0.00     0.00       0        0.00      0.00      0          0.48     2.50       1         0.00     4.00       2         
  JANUARY GIZZARD SHAD            0.00     0.00       0        0.00      0.00      0          0.00     2.50       1         0.42     4.00       2         
  JANUARY BLACK BULLHEAD          0.00     0.00       0        0.00      0.00      0          0.00     2.50       1         0.00     4.00       2         
  JANUARY BLUE CATFISH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     4.00       2         
  JANUARY BROWN BULLHEAD          0.00     0.00       0        0.00      0.00      0          0.00     2.50       1         0.00     4.00       2         
  JANUARY CARP                    0.00     0.00       0        0.00      0.00      0          0.00     2.50       1         0.00     0.00       0         
  JANUARY CHAIN PICKEREL          0.00     0.00       0        0.00      0.00      0          0.00     2.50       1         0.00     4.00       2         
  JANUARY CHANNEL CATFISH         0.00     0.00       0        0.00      0.00      0          0.00     2.50       1         0.00     4.00       2         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                          0.00                         0.00                         688.18                        420.16                        
 
 
QUARTER=JAN 1996 TO MAR 1996 MONTH=FEBRUARY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER   
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
 FEBRUARY THREADFIN SHAD          0.00     0.00       0        0.00      0.00      0          0.00     0.00       0     11575.36     2.75       1      
 FEBRUARY BLACK CRAPPIE           0.00     0.00       0        0.00      0.00      0          0.00     0.00       0        25.33     2.75       1         
 FEBRUARY BLUEBACK HERRING        0.00     0.00       0        0.00      0.00      0          0.00     0.00       0        15.02     2.75       1         
 FEBRUARY YELLOW PERCH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         7.13     2.75       1         
 FEBRUARY BLUEGILL                0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         6.04     2.75       1         
 FEBRUARY WHITE PERCH             0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.40     2.75       1         
 FEBRUARY SPOTTAIL SHINER         0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.17     2.75       1         
 FEBRUARY BLACK BULLHEAD          0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     2.75       1         
 FEBRUARY BLUE CATFISH            0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     2.75       1         
 FEBRUARY BROWN BULLHEAD          0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     2.75       1         
 FEBRUARY CHAIN PICKEREL          0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     2.75       1         
 FEBRUARY CHANNEL CATFISH         0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     2.75       1         
 FEBRUARY COASTAL SHINER          0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     2.75       1         
 FEBRUARY COOSA BASS              0.00     0.00       0        0.00      0.00      0          0.00     0.00       0         0.00     2.75       1         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                          0.00                         0.00                           0.00                      11629.44                       
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Table 1-21. (Concluded). 
 
QUARTER=JAN 1996 TO MAR 1996 MONTH=MARCH 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
    MARCH THREADFIN SHAD       1138.58     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0       
    MARCH WHITE PERCH            20.67     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH YELLOW PERCH            8.51     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLUEBACK HERRING        8.24     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLACK CRAPPIE           1.70     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLUEGILL                1.07     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH GIZZARD SHAD            0.58     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH SPOTTAIL SHINER         0.21     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WHITEFIN SHINER         0.14     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLACK BULLHEAD          0.00     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLACKBANDED DARTR       0.00     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLUEHEAD CHUB           0.00     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BROWN BULLHEAD          0.00     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BROWN TROUT             0.00     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH CARP                    0.00     4.48       1        0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       1179.70                         0.00                           0.00                          0.00                        
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Table 1-22.  (Continued).  Summaries of netting data collected during Phase I monitoring (December  1992 to July  1993).  Comparison of mean monthly species entrainment rates 
(num/hour) for pumpback units.  Rates for units 6,7,& 8 are doubled to expand for unsampled bay sampling rate of 0.0 indicates no members of that species were collected for that unit.  
All of August 1993 data are included in this summary.  Phase II summary includes only 30-31 August 1993.  Data not adjusted for survival.  1 May, 1993 was the final daytime test.   
 
QUARTER=JUL 1992 TO SEP 1992 MONTH=JULY 
                                        UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8 
                             UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER 
                            ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS 
 MONTH   COMMON NAME      RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED 
JULY     BLUEBACK HERRING       0.00     0.00      0       8664.99     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     THREADFIN SHAD         0.00     0.00      0         57.28     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     BROWN BULLHEAD         0.00     0.00      0          6.80     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     BLUEGILL               0.00     0.00      0          6.46     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     YELLOW PERCH           0.00     0.00      0          4.25     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     COOSA BASS             0.00     0.00      0          3.06     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     STRIPED BASS           0.00     0.00      0          3.06     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     WHITE CATFISH          0.00     0.00      0          1.36     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     GIZZARD SHAD           0.00     0.00      0          0.85     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     CARP                   0.00     0.00      0          0.50     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     FLAT BULLHEAD          0.00     0.00      0          0.34     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     SILVER REDHORSE        0.00     0.00      0          0.34     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     AMERICAN EEL           0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     BLACK BULLHEAD         0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     BLACK CRAPPIE          0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     BLACKBANDED DARTR      0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     BLUEHEAD CHUB          0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     BROWN TROUT            0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     CHAIN PICKEREL         0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     CHANNEL CATFISH        0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     COASTAL SHINER         0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     FLATHEAD CATFISH       0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     GOLDEN SHINER          0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     GREEN SUNFISH          0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     HYBRID BASS            0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     LARGEMOUTH BASS        0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     LONGNOSE GAR           0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     MADTOM                 0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     MARGINED MADTOM        0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     NORTHERN HOGSUCKR      0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     RAINBOW TROUT          0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     REDBREAST              0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     REDEAR                 0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     RIVER CARPSUCKER       0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     SPOTTAIL SHINER        0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     SPOTTED BASS           0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     TADPOLE MADTOM         0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     TESSELATED DARTR       0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     WARMOUTH               0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     WHITE BASS             0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     WHITE CRAPPIE          0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     WHITE PERCH            0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     WHITEFIN SHINER        0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     YELLOW BULLHEAD        0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
                          -----------                   -----------                   -----------                   ----------- 
                                0.00                       8749.29                          0.00                          0.00 
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Table 1-22.  (Continued). 
 
QUARTER=OCT 1992 TO DEC 1992 MONTH=OCTOBER 
 
                                        UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8 
                             UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER 
                            ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS 
 MONTH   COMMON NAME      RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED 
 
OCTOBER  BLUEGILL               0.00     0.00      0         77.14     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  THREADFIN SHAD         0.00     0.00      0         42.86     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  WHITE CATFISH          0.00     0.00      0         34.29     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  BLUEBACK HERRING       0.00     0.00      0          8.57     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  AMERICAN EEL           0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  BLACK BULLHEAD         0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  BLACK CRAPPIE          0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  BLACKBANDED DARTR      0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  BLUEHEAD CHUB          0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  BROWN BULLHEAD         0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  BROWN TROUT            0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  CARP                   0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  CHAIN PICKEREL         0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  CHANNEL CATFISH        0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  COASTAL SHINER         0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  COOSA BASS             0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  FLAT BULLHEAD          0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  FLATHEAD CATFISH       0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  GIZZARD SHAD           0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  GOLDEN SHINER          0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  GREEN SUNFISH          0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  HYBRID BASS            0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  LARGEMOUTH BASS        0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  LONGNOSE GAR           0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  MADTOM                 0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  MARGINED MADTOM        0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  NORTHERN HOGSUCKR      0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  RAINBOW TROUT          0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  REDBREAST              0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  REDEAR                 0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  RIVER CARPSUCKER       0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  SILVER REDHORSE        0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  SPOTTAIL SHINER        0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  SPOTTED BASS           0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  STRIPED BASS           0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  TADPOLE MADTOM         0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  TESSELATED DARTR       0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  WARMOUTH               0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  WHITE BASS             0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  WHITE CRAPPIE          0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  WHITE PERCH            0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  WHITEFIN SHINER        0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  YELLOW BULLHEAD        0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  YELLOW PERCH           0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
                          -----------                   -----------                   -----------                   ----------- 
                                0.00                        162.86                          0.00                          0.00 
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Table 1-22.  (Continued).   
 
QUARTER=OCT 1992 TO DEC 1992 MONTH=DECEMBER 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
 DECEMBER THREADFIN SHAD         25.54     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLUEBACK HERRING       17.12     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WHITE CATFISH           1.34     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLUEGILL                1.13     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER CHANNEL CATFISH         0.88     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLACK CRAPPIE           0.71     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER STRIPED BASS            0.58     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER FLATHEAD CATFISH        0.45     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER YELLOW PERCH            0.30     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER AMERICAN EEL            0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLACK BULLHEAD          0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLACKBANDED DARTR       0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLUEHEAD CHUB           0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BROWN BULLHEAD          0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BROWN TROUT             0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER CARP                    0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER CHAIN PICKEREL          0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER COASTAL SHINER          0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER COOSA BASS              0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER FLAT BULLHEAD           0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER GIZZARD SHAD            0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER GOLDEN SHINER           0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER GREEN SUNFISH           0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER HYBRID BASS             0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER LARGEMOUTH BASS         0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER LONGNOSE GAR            0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER MADTOM                  0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER MARGINED MADTOM         0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER NORTHERN HOGSUCKR       0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER RAINBOW TROUT           0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER REDBREAST               0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER REDEAR                  0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER RIVER CARPSUCKER        0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER SILVER REDHORSE         0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER SPOTTAIL SHINER         0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER SPOTTED BASS            0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER TADPOLE MADTOM          0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER TESSELATED DARTR        0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WARMOUTH                0.00     4.340     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                         48.05                          0.00                          0.00                          0.00                         
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Table 1-22.   (Continued). 
 
QUARTER=JAN 1993 TO MAR 1993 MONTH=FEBRUARY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
 FEBRUARY BLUEBACK HERRING     8831.18     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
 FEBRUARY THREADFIN SHAD        114.32     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        
 FEBRUARY YELLOW PERCH           27.94     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY AMERICAN EEL            0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLACK BULLHEAD          0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLACK CRAPPIE           0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLACKBANDED DARTR       0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLUEGILL                0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLUEHEAD CHUB           0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BROWN BULLHEAD          0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BROWN TROUT             0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY CARP                    0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY CHAIN PICKEREL          0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY CHANNEL CATFISH         0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY COASTAL SHINER          0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY COOSA BASS              0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY FLAT BULLHEAD           0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY FLATHEAD CATFISH        0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY GIZZARD SHAD            0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY GOLDEN SHINER           0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY GREEN SUNFISH           0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY HYBRID BASS             0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY LARGEMOUTH BASS         0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY LONGNOSE GAR            0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY MADTOM                  0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY MARGINED MADTOM         0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY NORTHERN HOGSUCKR       0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY RAINBOW TROUT           0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY REDBREAST               0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY REDEAR                  0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY RIVER CARPSUCKER        0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY SILVER REDHORSE         0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY SPOTTAIL SHINER         0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY SPOTTED BASS            0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY STRIPED BASS            0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY TADPOLE MADTOM          0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY TESSELATED DARTR        0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WARMOUTH                0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITE BASS              0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITE CATFISH           0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITE CRAPPIE           0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITE PERCH             0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITEFIN SHINER         0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY YELLOW BULLHEAD         0.00     0.433     1          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       8973.44                          0.00                          0.00                          0.00                       
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Table 1-22.  (Continued). 
 
QUARTER=JAN 1993 TO MAR 1993 MONTH=MARCH 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
    MARCH BLUEBACK HERRING     5768.87     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
    MARCH GIZZARD SHAD           61.01     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        
    MARCH YELLOW PERCH           48.16     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        
    MARCH STRIPED BASS            3.17     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH HYBRID BASS             2.38     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WHITE CATFISH           0.40     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLUEGILL                0.35     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BROWN BULLHEAD          0.20     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH CHANNEL CATFISH         0.20     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH CARP                    0.17     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH AMERICAN EEL            0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLACK BULLHEAD          0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLACK CRAPPIE           0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLACKBANDED DARTR       0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLUEHEAD CHUB           0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BROWN TROUT             0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH CHAIN PICKEREL          0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH COASTAL SHINER          0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH COOSA BASS              0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH FLAT BULLHEAD           0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH FLATHEAD CATFISH        0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH GOLDEN SHINER           0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH GREEN SUNFISH           0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH LARGEMOUTH BASS         0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH LONGNOSE GAR            0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH MADTOM                  0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH MARGINED MADTOM         0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH NORTHERN HOGSUCKR       0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH RAINBOW TROUT           0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH REDBREAST               0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH REDEAR                  0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH RIVER CARPSUCKER        0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH SPOTTAIL SHINER         0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH SPOTTED BASS            0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH TADPOLE MADTOM          0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH TESSELATED DARTR        0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH THREADFIN SHAD          0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WARMOUTH                0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WHITE BASS              0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WHITE CRAPPIE           0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WHITE PERCH             0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WHITEFIN SHINER         0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH YELLOW BULLHEAD         0.00     8.850     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       5884.91                          0.00                          0.00                          0.00                       
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Table 1-22.  (Continued). 
 
QUARTER=APR 1993 TO JUN 1993 MONTH=APRIL 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
    APRIL BLUEBACK HERRING       59.75    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        
    APRIL THREADFIN SHAD          9.05    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL WHITE PERCH             7.96    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL HYBRID BASS             7.73    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL STRIPED BASS            6.79    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL SPOTTAIL SHINER         4.23    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL GIZZARD SHAD            3.72    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL YELLOW PERCH            3.09    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL CHANNEL CATFISH         2.60    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BLUEGILL                2.28    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL WHITE CATFISH           1.77    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BROWN BULLHEAD          0.89    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL GOLDEN SHINER           0.29    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL RAINBOW TROUT           0.06    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL AMERICAN EEL            0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BLACK BULLHEAD          0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BLACK CRAPPIE           0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BLACKBANDED DARTR       0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BLUEHEAD CHUB           0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BROWN TROUT             0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL CARP                    0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL CHAIN PICKEREL          0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL COASTAL SHINER          0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL COOSA BASS              0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL FLAT BULLHEAD           0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL FLATHEAD CATFISH        0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL GREEN SUNFISH           0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL LARGEMOUTH BASS         0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL LONGNOSE GAR            0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL MADTOM                  0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL MARGINED MADTOM         0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL NORTHERN HOGSUCKR       0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL REDBREAST               0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL REDEAR                  0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL RIVER CARPSUCKER        0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL SILVER REDHORSE         0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL SPOTTED BASS            0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL TADPOLE MADTOM          0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL TESSELATED DARTR        0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL WHITE BASS              0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL WHITE CRAPPIE           0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL WHITEFIN SHINER         0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL YELLOW BULLHEAD         0.00    15.150     3          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        110.48                          0.00                          0.00                          0.00                         
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Table 1-22.  (Continued). 
 
QUARTER=APR 1993 TO JUN 1993 MONTH=MAY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
      MAY BLUEBACK HERRING     4147.94    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0      
      MAY YELLOW PERCH           60.59    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        
      MAY WHITE PERCH            28.22    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY THREADFIN SHAD         23.25    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY STRIPED BASS           11.86    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY HYBRID BASS            10.42    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BLUEGILL                7.28    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY SPOTTAIL SHINER         6.09    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY WHITE CATFISH           3.24    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY CHANNEL CATFISH         1.65    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY WHITEFIN SHINER         1.14    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BROWN BULLHEAD          0.91    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY GIZZARD SHAD            0.62    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY CARP                    0.57    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY WARMOUTH                0.43    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY GOLDEN SHINER           0.24    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY RIVER CARPSUCKER        0.09    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY TADPOLE MADTOM          0.07    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY AMERICAN EEL            0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BLACK BULLHEAD          0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BLACK CRAPPIE           0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BLACKBANDED DARTR       0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BLUEHEAD CHUB           0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BROWN TROUT             0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY CHAIN PICKEREL          0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY COASTAL SHINER          0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY COOSA BASS              0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY FLAT BULLHEAD           0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY FLATHEAD CATFISH        0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY GREEN SUNFISH           0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY LARGEMOUTH BASS         0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY LONGNOSE GAR            0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY MADTOM                  0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY MARGINED MADTOM         0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY NORTHERN HOGSUCKR       0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY RAINBOW TROUT           0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY REDBREAST               0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY REDEAR                  0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY SILVER REDHORSE         0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY SPOTTED BASS            0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY TESSELATED DARTR        0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY WHITE BASS              0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY WHITE CRAPPIE           0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY YELLOW BULLHEAD         0.00    25.430     5          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       4304.62                          0.00                          0.00                          0.00                       
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Table 1-22.  (Continued). 
 
QUARTER=APR 1993 TO JUN 1993 MONTH=JUNE 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
     JUNE THREADFIN SHAD        238.94    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        
     JUNE BLUEBACK HERRING       61.16    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        
     JUNE BLUEGILL                5.15    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE YELLOW PERCH            4.58    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE LARGEMOUTH BASS         1.14    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE CHANNEL CATFISH         1.03    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WHITE CATFISH           0.62    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WARMOUTH                0.36    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE RAINBOW TROUT           0.25    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE GIZZARD SHAD            0.25    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WHITE PERCH             0.22    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE HYBRID BASS             0.22    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BROWN BULLHEAD          0.19    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE STRIPED BASS            0.08    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE AMERICAN EEL            0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BLACK BULLHEAD          0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BLACK CRAPPIE           0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BLACKBANDED DARTR       0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BLUEHEAD CHUB           0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BROWN TROUT             0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE CARP                    0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE CHAIN PICKEREL          0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE COASTAL SHINER          0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE COOSA BASS              0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE FLAT BULLHEAD           0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE FLATHEAD CATFISH        0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE GOLDEN SHINER           0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE GREEN SUNFISH           0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE LONGNOSE GAR            0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE MADTOM                  0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE MARGINED MADTOM         0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE NORTHERN HOGSUCKR       0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE REDBREAST               0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE REDEAR                  0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE RIVER CARPSUCKER        0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE SILVER REDHORSE         0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE SPOTTAIL SHINER         0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE SPOTTED BASS            0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE TADPOLE MADTOM          0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE TESSELATED DARTR        0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WHITE BASS              0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WHITE CRAPPIE           0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WHITEFIN SHINER         0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE YELLOW BULLHEAD         0.00    12.130     2          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        314.19                          0.00                          0.00                          0.00                         
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Table 1-22.  (Continued). 
 
QUARTER=JUL 1993 TO SEP 1993 MONTH=JULY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER 
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
     JULY THREADFIN SHAD        534.31    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
     JULY BLUEBACK HERRING        8.81    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BLUEGILL                2.20    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY YELLOW PERCH            2.17    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY CHANNEL CATFISH         0.26    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WHITE CATFISH           0.25    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WARMOUTH                0.23    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BROWN BULLHEAD          0.21    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY STRIPED BASS            0.16    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY SPOTTAIL SHINER         0.13    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY SILVER REDHORSE         0.13    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WHITE PERCH             0.12    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY HYBRID BASS             0.08    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY GIZZARD SHAD            0.08    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY YELLOW BULLHEAD         0.07    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BLACK CRAPPIE           0.06    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY GOLDEN SHINER           0.06    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY LARGEMOUTH BASS         0.05    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY RAINBOW TROUT           0.03    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY AMERICAN EEL            0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BLACK BULLHEAD          0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BLACKBANDED DARTR       0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BLUEHEAD CHUB           0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BROWN TROUT             0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY CARP                    0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY CHAIN PICKEREL          0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY COASTAL SHINER          0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY COOSA BASS              0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY FLAT BULLHEAD           0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY FLATHEAD CATFISH        0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY GREEN SUNFISH           0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY LONGNOSE GAR            0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY MADTOM                  0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY MARGINED MADTOM         0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY NORTHERN HOGSUCKR       0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY REDBREAST               0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY REDEAR                  0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY RIVER CARPSUCKER        0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY SPOTTED BASS            0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY TADPOLE MADTOM          0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY TESSELATED DARTR        0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WHITE BASS              0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WHITE CRAPPIE           0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WHITEFIN SHINER         0.00    37.110     6          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        549.40                          0.00                          0.00                          0.00                        
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Table 1-22.  (Concluded). 
  
QUARTER=JUL 1993 TO SEP 1993 MONTH=AUGUST 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
   AUGUST BLUEBACK HERRING     1043.46    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0       
   AUGUST THREADFIN SHAD        304.77    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0        
   AUGUST BLUEGILL                1.58    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WHITE CATFISH           1.49    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST YELLOW PERCH            0.75    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST YELLOW BULLHEAD         0.43    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST CHANNEL CATFISH         0.40    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BROWN BULLHEAD          0.33    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST SPOTTAIL SHINER         0.25    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST GIZZARD SHAD            0.20    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BROWN TROUT             0.19    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLACK BULLHEAD          0.13    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WHITE PERCH             0.09    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST STRIPED BASS            0.09    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WARMOUTH                0.08    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST LARGEMOUTH BASS         0.07    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST HYBRID BASS             0.04    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST AMERICAN EEL            0.04    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST TESSELATED DARTR        0.03    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST RAINBOW TROUT           0.02    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLACK CRAPPIE           0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLACKBANDED DARTR       0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLUEHEAD CHUB           0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST CARP                    0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST CHAIN PICKEREL          0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST COASTAL SHINER          0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST COOSA BASS              0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST FLAT BULLHEAD           0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST FLATHEAD CATFISH        0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST GOLDEN SHINER           0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST GREEN SUNFISH           0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST LONGNOSE GAR            0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST MADTOM                  0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST MARGINED MADTOM         0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST NORTHERN HOGSUCKR       0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST REDBREAST               0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST REDEAR                  0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST RIVER CARPSUCKER        0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST SILVER REDHORSE         0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST SPOTTED BASS            0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST TADPOLE MADTOM          0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WHITE BASS              0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WHITE CRAPPIE           0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WHITEFIN SHINER         0.00    47.810     8          0.00     0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       1354.44                          0.00                          0.00                          0.00                        
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Table 1-23  (Continued).  Summaries of netting data collected during Phase I monitoring (December  1992 to July  1993).  Comparison of mean monthly species entrainment rates 
(num/hour) for pumpback units.  Rates for units 6,7,& 8 are doubled to expand for unsampled bay sampling rate of 0.0 indicates no members of that species were collected for that unit.   
All of August 1993 data are included in this summary.  Phase II summary includes only 30-31 August 1993.   Data adjusted for survival. 1 May, 1993 was the final daytime sample. 
 
QUARTER=JUL 1992 TO SEP 1992 MONTH=JULY 
                                        UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8 
                             UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER 
                            ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS 
 MONTH   COMMON NAME      RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED 
JULY     BLUEBACK HERRING       0.00     0.00      0       8588.74     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     THREADFIN SHAD         0.00     0.00      0         56.78     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     BROWN BULLHEAD         0.00     0.00      0          1.85     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     BLUEGILL               0.00     0.00      0          5.43     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     YELLOW PERCH           0.00     0.00      0          1.63     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     COOSA BASS             0.00     0.00      0          1.66     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     STRIPED BASS           0.00     0.00      0          1.66     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     WHITE CATFISH          0.00     0.00      0          0.37     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     GIZZARD SHAD           0.00     0.00      0          0.84     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     CARP                   0.00     0.00      0          0.25     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     FLAT BULLHEAD          0.00     0.00      0          0.09     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     SILVER REDHORSE        0.00     0.00      0          0.18     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     AMERICAN EEL           0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     BLACK BULLHEAD         0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     BLACK CRAPPIE          0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     BLACKBANDED DARTR      0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     BLUEHEAD CHUB          0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     BROWN TROUT            0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     CHAIN PICKEREL         0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     CHANNEL CATFISH        0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     COASTAL SHINER         0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     FLATHEAD CATFISH       0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     GOLDEN SHINER          0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     GREEN SUNFISH          0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     HYBRID BASS            0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     LARGEMOUTH BASS        0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     LONGNOSE GAR           0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     MADTOM                 0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     MARGINED MADTOM        0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     NORTHERN HOGSUCKR      0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     RAINBOW TROUT          0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     REDBREAST              0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     REDEAR                 0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     RIVER CARPSUCKER       0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     SPOTTAIL SHINER        0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     SPOTTED BASS           0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     TADPOLE MADTOM         0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     TESSELATED DARTR       0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     WARMOUTH               0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     WHITE BASS             0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     WHITE CRAPPIE          0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     WHITE PERCH            0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     WHITEFIN SHINER        0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
JULY     YELLOW BULLHEAD        0.00     0.00      0          0.00     5.88      3          0.00     0.00      0          0.00     0.00      0 
                          -----------                   -----------                   -----------                   ----------- 
                                0.00                       8659.48                          0.00                          0.00 
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Table 1-23.   (Continued). 
 
QUARTER=OCT 1992 TO DEC 1992 MONTH=OCTOBER 
 
                                        UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8 
                             UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER 
                            ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS 
 MONTH   COMMON NAME      RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED 
 
OCTOBER  BLUEGILL               0.00     0.00      0         76.56     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  THREADFIN SHAD         0.00     0.00      0         42.54     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  WHITE CATFISH          0.00     0.00      0          6.86     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  BLUEBACK HERRING       0.00     0.00      0          8.51     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  AMERICAN EEL           0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  BLACK BULLHEAD         0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  BLACK CRAPPIE          0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  BLACKBANDED DARTR      0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  BLUEHEAD CHUB          0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  BROWN BULLHEAD         0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  BROWN TROUT            0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  CARP                   0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  CHAIN PICKEREL         0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  CHANNEL CATFISH        0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  COASTAL SHINER         0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  COOSA BASS             0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  FLAT BULLHEAD          0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  FLATHEAD CATFISH       0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  GIZZARD SHAD           0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  GOLDEN SHINER          0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  GREEN SUNFISH          0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  HYBRID BASS            0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  LARGEMOUTH BASS        0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  LONGNOSE GAR           0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  MADTOM                 0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  MARGINED MADTOM        0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  NORTHERN HOGSUCKR      0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  RAINBOW TROUT          0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  REDBREAST              0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  REDEAR                 0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  RIVER CARPSUCKER       0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  SILVER REDHORSE        0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  SPOTTAIL SHINER        0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  SPOTTED BASS           0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  STRIPED BASS           0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  TADPOLE MADTOM         0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  TESSELATED DARTR       0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  WARMOUTH               0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  WHITE BASS             0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  WHITE CRAPPIE          0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  WHITE PERCH            0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  WHITEFIN SHINER        0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  YELLOW BULLHEAD        0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
OCTOBER  YELLOW PERCH           0.00     0.00      0          0.00     0.23      1          0.00     0.00      0          0.00     0.00      0 
                          -----------                   -----------                   -----------                   ----------- 
                                0.00                        134.47                          0.00                          0.00 
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Table 1-23.   (Continued). 
 
 
QUARTER=OCT 1992 TO DEC 1992 MONTH=DECEMBER 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
 DECEMBER THREADFIN SHAD         16.60     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLUEBACK HERRING       11.13     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLACK CRAPPIE           0.61     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLUEGILL                0.33     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER STRIPED BASS            0.29     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER YELLOW PERCH            0.05     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER AMERICAN EEL            0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLACK BULLHEAD          0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLACKBANDED DARTR       0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BLUEHEAD CHUB           0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BROWN BULLHEAD          0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER BROWN TROUT             0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER CARP                    0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER CHAIN PICKEREL          0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER CHANNEL CATFISH         0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER COASTAL SHINER          0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER COOSA BASS              0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER FLAT BULLHEAD           0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER FLATHEAD CATFISH        0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER GIZZARD SHAD            0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER GOLDEN SHINER           0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER GREEN SUNFISH           0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER HYBRID BASS             0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER LARGEMOUTH BASS         0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER LONGNOSE GAR            0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER MADTOM                  0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER MARGINED MADTOM         0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER NORTHERN HOGSUCKR       0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER RAINBOW TROUT           0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER REDBREAST               0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER REDEAR                  0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER RIVER CARPSUCKER        0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER SILVER REDHORSE         0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER SPOTTAIL SHINER         0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER SPOTTED BASS            0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER TADPOLE MADTOM          0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER TESSELATED DARTR        0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WARMOUTH                0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WHITE BASS              0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 DECEMBER WHITE CATFISH           0.00     4.340     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                             -----------                   -----------                   -----------                   -----------                    
     SUM                         29.01                         0.00                           0.00                          0.00                          
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Table 1-23.   (Continued). 
 
QUARTER=JAN 1993 TO MAR 1993 MONTH=FEBRUARY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
 FEBRUARY BLUEBACK HERRING     5740.27     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0      
 FEBRUARY THREADFIN SHAD         74.31     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0        
 FEBRUARY YELLOW PERCH            4.97     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY AMERICAN EEL            0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLACK BULLHEAD          0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLACK CRAPPIE           0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLACKBANDED DARTR       0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLUEGILL                0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BLUEHEAD CHUB           0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BROWN BULLHEAD          0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY BROWN TROUT             0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY CARP                    0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY CHAIN PICKEREL          0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY CHANNEL CATFISH         0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY COASTAL SHINER          0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY COOSA BASS              0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY FLAT BULLHEAD           0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY FLATHEAD CATFISH        0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY GIZZARD SHAD            0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY GOLDEN SHINER           0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY GREEN SUNFISH           0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY HYBRID BASS             0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY LARGEMOUTH BASS         0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY LONGNOSE GAR            0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY MADTOM                  0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY MARGINED MADTOM         0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY NORTHERN HOGSUCKR       0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY RAINBOW TROUT           0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY REDBREAST               0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY REDEAR                  0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY RIVER CARPSUCKER        0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY SILVER REDHORSE         0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY SPOTTAIL SHINER         0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY SPOTTED BASS            0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY STRIPED BASS            0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY TADPOLE MADTOM          0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY TESSELATED DARTR        0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WARMOUTH                0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITE BASS              0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITE CATFISH           0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITE CRAPPIE           0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITE PERCH             0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY WHITEFIN SHINER         0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
 FEBRUARY YELLOW BULLHEAD         0.00     0.433     1         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       5819.54                         0.00                           0.00                          0.00                       
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Table 1-23.   (Continued). 
 
QUARTER=JAN 1993 TO MAR 1993 MONTH=MARCH 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER 
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
    MARCH BLUEBACK HERRING     3749.77     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0       
    MARCH GIZZARD SHAD           39.66     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH YELLOW PERCH            8.56     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH STRIPED BASS            1.44     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH HYBRID BASS             1.08     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLUEGILL                0.10     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH CARP                    0.08     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH AMERICAN EEL            0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLACK BULLHEAD          0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLACK CRAPPIE           0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLACKBANDED DARTR       0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BLUEHEAD CHUB           0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BROWN BULLHEAD          0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH BROWN TROUT             0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH CHAIN PICKEREL          0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH CHANNEL CATFISH         0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH COASTAL SHINER          0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH COOSA BASS              0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH FLAT BULLHEAD           0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH FLATHEAD CATFISH        0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH GOLDEN SHINER           0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH GREEN SUNFISH           0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH LARGEMOUTH BASS         0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH LONGNOSE GAR            0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH MADTOM                  0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH MARGINED MADTOM         0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH NORTHERN HOGSUCKR       0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH RAINBOW TROUT           0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH REDBREAST               0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH REDEAR                  0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH RIVER CARPSUCKER        0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH SILVER REDHORSE         0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH SPOTTED BASS            0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH TADPOLE MADTOM          0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH TESSELATED DARTR        0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH THREADFIN SHAD          0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WARMOUTH                0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WHITE BASS              0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WHITE CATFISH           0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WHITE CRAPPIE           0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH WHITEFIN SHINER         0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    MARCH YELLOW BULLHEAD         0.00     8.850     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       3800.67                         0.00                           0.00                          0.00                        
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Table 1-23.  (Continued). 
 
QUARTER=APR 1993 TO JUN 1993 MONTH=APRIL 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
    APRIL BLUEBACK HERRING       38.84    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL THREADFIN SHAD          5.88    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL WHITE PERCH             3.61    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL HYBRID BASS             3.51    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL STRIPED BASS            3.08    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL GIZZARD SHAD            2.42    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL SPOTTAIL SHINER         0.75    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BLUEGILL                0.74    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL YELLOW PERCH            0.55    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL WARMOUTH                0.08    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL GOLDEN SHINER           0.05    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL RAINBOW TROUT           0.01    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL AMERICAN EEL            0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BLACK BULLHEAD          0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BLACK CRAPPIE           0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BLACKBANDED DARTR       0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BLUEHEAD CHUB           0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BROWN BULLHEAD          0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL BROWN TROUT             0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL CARP                    0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL CHAIN PICKEREL          0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL CHANNEL CATFISH         0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL COASTAL SHINER          0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL COOSA BASS              0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL FLAT BULLHEAD           0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL FLATHEAD CATFISH        0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL GREEN SUNFISH           0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL LARGEMOUTH BASS         0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL LONGNOSE GAR            0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL MADTOM                  0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL MARGINED MADTOM         0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL NORTHERN HOGSUCKR       0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL REDBREAST               0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL REDEAR                  0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL RIVER CARPSUCKER        0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL SILVER REDHORSE         0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL SPOTTED BASS            0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL TADPOLE MADTOM          0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL TESSELATED DARTR        0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL WHITE BASS              0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL WHITE CATFISH           0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL WHITE CRAPPIE           0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL WHITEFIN SHINER         0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
    APRIL YELLOW BULLHEAD         0.00    15.150     3         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                         59.54                         0.00                           0.00                          0.00                         
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Table 1-23.   (Continued). 
 
QUARTER=APR 1993 TO JUN 1993 MONTH=MAY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
      MAY BLUEBACK HERRING     2743.03    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0       
      MAY THREADFIN SHAD         15.38    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY WHITE PERCH            14.30    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY YELLOW PERCH           10.77    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY STRIPED BASS            6.01    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY HYBRID BASS             5.28    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BLUEGILL                2.19    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY SPOTTAIL SHINER         1.08    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY GIZZARD SHAD            0.41    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY CARP                    0.29    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY WHITEFIN SHINER         0.20    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY WHITE CATFISH           0.16    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY WARMOUTH                0.13    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY CHANNEL CATFISH         0.08    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY RIVER CARPSUCKER        0.05    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BROWN BULLHEAD          0.05    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY GOLDEN SHINER           0.04    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY TADPOLE MADTOM          0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY AMERICAN EEL            0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BLACK BULLHEAD          0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BLACK CRAPPIE           0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BLACKBANDED DARTR       0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BLUEHEAD CHUB           0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY BROWN TROUT             0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY CHAIN PICKEREL          0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY COASTAL SHINER          0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY COOSA BASS              0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY FLAT BULLHEAD           0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY FLATHEAD CATFISH        0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY GREEN SUNFISH           0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY LARGEMOUTH BASS         0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY LONGNOSE GAR            0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY MADTOM                  0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY MARGINED MADTOM         0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY NORTHERN HOGSUCKR       0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY RAINBOW TROUT           0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY REDBREAST               0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY REDEAR                  0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY SILVER REDHORSE         0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY SPOTTED BASS            0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY TESSELATED DARTR        0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY WHITE BASS              0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY WHITE CRAPPIE           0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
      MAY YELLOW BULLHEAD         0.00    25.430     5         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       2799.44                         0.00                           0.00                          0.00                        
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Table 1-23.   (Continued). 
 
QUARTER=APR 1993 TO JUN 1993 MONTH=JUNE 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
     JUNE THREADFIN SHAD        184.49    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0        
     JUNE BLUEBACK HERRING       47.22    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0        
     JUNE YELLOW PERCH            3.30    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BLUEGILL                2.31    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE LARGEMOUTH BASS         0.62    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE GIZZARD SHAD            0.19    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE RAINBOW TROUT           0.18    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WARMOUTH                0.16    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WHITE PERCH             0.12    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE HYBRID BASS             0.12    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE CHANNEL CATFISH         0.05    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE STRIPED BASS            0.04    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WHITE CATFISH           0.03    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BROWN BULLHEAD          0.01    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE AMERICAN EEL            0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BLACK BULLHEAD          0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BLACK CRAPPIE           0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BLACKBANDED DARTR       0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BLUEHEAD CHUB           0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE BROWN TROUT             0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE CARP                    0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE CHAIN PICKEREL          0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE COASTAL SHINER          0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE COOSA BASS              0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE FLAT BULLHEAD           0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE FLATHEAD CATFISH        0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE GOLDEN SHINER           0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE GREEN SUNFISH           0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE LONGNOSE GAR            0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE MADTOM                  0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE MARGINED MADTOM         0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE NORTHERN HOGSUCKR       0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE REDBREAST               0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE REDEAR                  0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE RIVER CARPSUCKER        0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE SILVER REDHORSE         0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE SPOTTAIL SHINER         0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE SPOTTED BASS            0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE TADPOLE MADTOM          0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE TESSELATED DARTR        0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WHITE BASS              0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WHITE CRAPPIE           0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE WHITEFIN SHINER         0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JUNE YELLOW BULLHEAD         0.00    12.130     2         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        238.84                         0.00                           0.00                          0.00                         
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Table 1-23.  (Continued). 
 
QUARTER=JUL 1993 TO SEP 1993 MONTH=JULY 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
     JULY THREADFIN SHAD        529.61    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0       
     JULY BLUEBACK HERRING        8.74    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BLUEGILL                1.85    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY YELLOW PERCH            0.83    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WARMOUTH                0.20    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY STRIPED BASS            0.09    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY GIZZARD SHAD            0.08    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY CHANNEL CATFISH         0.07    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WHITE CATFISH           0.07    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY SILVER REDHORSE         0.07    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WHITE PERCH             0.07    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BROWN BULLHEAD          0.06    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BLACK CRAPPIE           0.05    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY SPOTTAIL SHINER         0.05    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY HYBRID BASS             0.04    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY LARGEMOUTH BASS         0.03    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY GOLDEN SHINER           0.02    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY YELLOW BULLHEAD         0.02    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY RAINBOW TROUT           0.01    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY AMERICAN EEL            0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BLACK BULLHEAD          0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BLACKBANDED DARTR       0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BLUEHEAD CHUB           0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY BROWN TROUT             0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY CARP                    0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY CHAIN PICKEREL          0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY COASTAL SHINER          0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY COOSA BASS              0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY FLAT BULLHEAD           0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY FLATHEAD CATFISH        0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY GREEN SUNFISH           0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY LONGNOSE GAR            0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY MADTOM                  0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY MARGINED MADTOM         0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY NORTHERN HOGSUCKR       0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY REDBREAST               0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY REDEAR                  0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY RIVER CARPSUCKER        0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY SPOTTED BASS            0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY TADPOLE MADTOM          0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY TESSELATED DARTR        0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WHITE BASS              0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WHITE CRAPPIE           0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
     JULY WHITEFIN SHINER         0.00    37.110     6         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                        541.94                         0.00                           0.00                          0.00                        
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Table 1-23.  (Concluded). 
 
QUARTER=JUL 1993 TO SEP 1993 MONTH=AUGUST 
 
                                          UNIT 5   UNIT 5               UNIT 6   UNIT 6               UNIT 7   UNIT 7               UNIT 8   UNIT 8   
                               UNIT 5    SAMPLING  NUMBER    UNIT 6    SAMPLING  NUMBER    UNIT 7    SAMPLING  NUMBER    UNIT 8    SAMPLING  NUMBER  
                              ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS   ENTRAIN    DURATION  EVENTS  
  MONTH   COMMON NAME       RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED RATE (#/HR) SUM (HRS) SAMPLED    
 
   AUGUST BLUEBACK HERRING     1043.04    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0       
   AUGUST THREADFIN SHAD        304.65    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0        
   AUGUST BLUEGILL                1.33    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WHITE CATFISH           0.41    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST YELLOW PERCH            0.21    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST GIZZARD SHAD            0.20    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST YELLOW BULLHEAD         0.12    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST CHANNEL CATFISH         0.11    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BROWN BULLHEAD          0.09    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WHITE PERCH             0.07    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST STRIPED BASS            0.07    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST SPOTTAIL SHINER         0.07    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WARMOUTH                0.07    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST LARGEMOUTH BASS         0.06    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BROWN TROUT             0.05    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLACK BULLHEAD          0.04    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST HYBRID BASS             0.03    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST AMERICAN EEL            0.01    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST TESSELATED DARTR        0.01    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST RAINBOW TROUT           0.01    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLACK CRAPPIE           0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLACKBANDED DARTR       0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST BLUEHEAD CHUB           0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST CARP                    0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST CHAIN PICKEREL          0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST COASTAL SHINER          0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST COOSA BASS              0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST FLAT BULLHEAD           0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST FLATHEAD CATFISH        0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST GOLDEN SHINER           0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST GREEN SUNFISH           0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST LONGNOSE GAR            0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST MADTOM                  0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST MARGINED MADTOM         0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST NORTHERN HOGSUCKR       0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST REDBREAST               0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST REDEAR                  0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST RIVER CARPSUCKER        0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST SILVER REDHORSE         0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST SPOTTED BASS            0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST TADPOLE MADTOM          0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WHITE BASS              0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WHITE CRAPPIE           0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
   AUGUST WHITEFIN SHINER         0.00    47.810     8         0.00      0.00      0          0.00     0.00       0         0.00     0.00       0         
                            -----------                   -----------                   -----------                   -----------                    
     SUM                       1350.64                         0.00                           0.00                          0.00                 
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Table 1-24 (Continued).  Two and three standard errors of monthly mean entrainment rate (#/hr and kg/hr) by species for all pump units.  Rates for units 6,7,& 8 are doubled 
to expand for unsampled bay.  Mean entrainment rate calculated as entrainment total for all fish ge 1.5 inches long divided by the duration of the sample.  Mean and standard 
error calculations based on 16 to 18 samples per month.  Note that the mean  +/- 2 and 3 +/- standard deviations has at least a 75% and a 89% chance, respectively, of 
including the population mean.  Standard error ranges less than 0.0 have been truncated to 0.0.  Data have not been adjusted for passage survival 
 
QUARTER=OCT 1992 TO DEC 1992 MONTH=DECEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
THREADFIN SHAD            25.54           0.05        4.340         110.82         0.24             2.02              0.007              21.50 
BLUEBACK HERRING          17.12           0.48        4.340          74.31         2.06             6.08              0.364               4.97 
WHITE CATFISH              1.34           0.15        4.340           5.80         0.65             0.43              0.094               0.47 
BLUEGILL                   1.13           0.00        4.340           4.91         0.02             0.37              0.001               0.40 
CHANNEL CATFISH            0.88           0.94        4.340           3.84         4.09             0.88              0.943               0.00 
BLACK CRAPPIE              0.71           0.27        4.340           3.10         1.17             0.71              0.270               0.00 
STRIPED BASS               0.58           0.01        4.340           2.51         0.06             0.58              0.013               0.00 
FLATHEAD CATFISH           0.45           0.35        4.340           1.97         1.53             0.45              0.354               0.00 
YELLOW PERCH               0.30           0.00        4.340           1.29         0.01             0.30              0.003               0.00 
AMERICAN EEL               0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
BROWN BULLHEAD             0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
     0.0410             29.57             0.07            19.49            0.0344             31.58             0.07           2 
     0.0000             29.27             1.20             0.00            0.0000             35.35             1.57           2 
     0.0000              2.20             0.34             0.04            0.0000              2.63             0.43           2 
     0.0015              1.86             0.01             0.04            0.0005              2.23             0.01           2 
     0.0000              2.65             2.83             0.00            0.0000              3.54             3.77           2 
     0.0000              2.14             0.81             0.00            0.0000              2.86             1.08           2 
     0.0000              1.73             0.04             0.00            0.0000              2.31             0.05           2 
     0.0000              1.36             1.06             0.00            0.0000              1.81             1.41           2 
     0.0000              0.89             0.01             0.00            0.0000              1.18             0.01           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1992 TO DEC 1992 MONTH=DECEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
FLAT BULLHEAD              0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
GIZZARD SHAD               0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
HYBRID BASS                0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
SPOTTAIL SHINER            0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1992 TO DEC 1992 MONTH=DECEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
WARMOUTH                   0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
WHITE PERCH                0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00        4.340           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM              48.05           2.27                      208.54         9.84            11.81              2.049              27.35 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.0425             71.68             6.36            19.57            0.0348             83.49             8.41 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1993 TO MAR 1993 MONTH=FEBRUARY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLUEBACK HERRING        8831.18         274.51        0.433        3823.90       118.86              .                 .                  0.00 
THREADFIN SHAD           114.32           0.15        0.433          49.50         0.06              .                 .                  0.00 
YELLOW PERCH              27.94           0.33        0.433          12.10         0.14              .                 .                  0.00 
AMERICAN EEL               0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
BLACK BULLHEAD             0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
BLACK CRAPPIE              0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
BLACKBANDED DARTR          0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
BLUEGILL                   0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
BLUEHEAD CHUB              0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
BROWN BULLHEAD             0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
BROWN TROUT                0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
CARP                       0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
CHAIN PICKEREL             0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
CHANNEL CATFISH            0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
COASTAL SHINER             0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
COOSA BASS                 0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
FLAT BULLHEAD              0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
FLATHEAD CATFISH           0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
GIZZARD SHAD               0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1993 TO MAR 1993 MONTH=FEBRUARY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
GOLDEN SHINER              0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
GREEN SUNFISH              0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
HYBRID BASS                0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
LARGEMOUTH BASS            0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
LONGNOSE GAR               0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
MADTOM                     0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
MARGINED MADTOM            0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
NORTHERN HOGSUCKR          0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
RAINBOW TROUT              0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
REDBREAST                  0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
REDEAR                     0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
RIVER CARPSUCKER           0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
SILVER REDHORSE            0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
SPOTTAIL SHINER            0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
SPOTTED BASS               0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
STRIPED BASS               0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
TADPOLE MADTOM             0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
TESSELATED DARTR           0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
WARMOUTH                   0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1993 TO MAR 1993 MONTH=FEBRUARY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
WHITE BASS                 0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
WHITE CATFISH              0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
WHITE CRAPPIE              0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
WHITE PERCH                0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
WHITEFIN SHINER            0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
YELLOW BULLHEAD            0.00           0.00        0.433           0.00         0.00              .                 .                  0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM            8973.44         274.98                     3885.50       119.07             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1993 TO MAR 1993 MONTH=MARCH 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLUEBACK HERRING        5768.87         215.08        8.850       51054.50      1903.43          3803.65            135.415               0.00 
GIZZARD SHAD              61.01          24.98        8.850         539.96       221.03            34.06             13.763               0.00 
YELLOW PERCH              48.16           1.61        8.850         426.17        14.23            28.41              1.001               0.00 
STRIPED BASS               3.17           0.54        8.850          28.10         4.74             2.33              0.405               0.00 
HYBRID BASS                2.38           2.34        8.850          21.05        20.73             1.35              1.591               0.00 
WHITE CATFISH              0.40           0.14        8.850           3.53         1.24             0.40              0.140               0.00 
BLUEGILL                   0.35           0.00        8.850           3.11         0.02             0.18              0.001               0.00 
BROWN BULLHEAD             0.20           0.07        8.850           1.76         0.63             0.20              0.071               0.00 
CHANNEL CATFISH            0.20           0.05        8.850           1.76         0.45             0.20              0.051               0.00 
CARP                       0.17           0.74        8.850           1.48         6.58             0.17              0.743               0.00 
AMERICAN EEL               0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
BLACK CRAPPIE              0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000          13376.17           485.91             0.00            0.0000          17179.83           621.32           3 
     0.0000            129.13            52.50             0.00            0.0000            163.19            66.27           3 
     0.0000            104.98             3.61             0.00            0.0000            133.40             4.61           3 
     0.0000              7.84             1.35             0.00            0.0000             10.17             1.75           3 
     0.0000              5.08             5.53             0.00            0.0000              6.43             7.12           3 
     0.0000              1.20             0.42             0.00            0.0000              1.59             0.56           3 
     0.0000              0.70             0.00             0.00            0.0000              0.88             0.01           3 
     0.0000              0.60             0.21             0.00            0.0000              0.80             0.29           3 
     0.0000              0.60             0.15             0.00            0.0000              0.80             0.20           3 
     0.0000              0.50             2.23             0.00            0.0000              0.67             2.97           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1993 TO MAR 1993 MONTH=MARCH 
 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
FLAT BULLHEAD              0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
SPOTTAIL SHINER            0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
THREADFIN SHAD             0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1993 TO MAR 1993 MONTH=MARCH 
(continued) 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
WARMOUTH                   0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
WHITE PERCH                0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00        8.850           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM            5884.91         245.55                    52081.42      2173.09          3870.95            153.183               0.00 
 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.0000          13626.80           551.91             0.00            0.0000          17497.75           705.10 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1993 TO JUN 1993 MONTH=APRIL 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLUEBACK HERRING          59.75           2.32       15.150         905.26        35.13            38.41              1.746               0.00 
THREADFIN SHAD             9.05           0.05       15.150         137.05         0.83             2.16              0.014               4.72 
WHITE PERCH                7.96           1.10       15.150         120.57        16.63             3.29              0.369               1.38 
HYBRID BASS                7.73           6.97       15.150         117.16       105.52             2.84              3.242               2.04 
STRIPED BASS               6.79           1.31       15.150         102.81        19.90             2.21              0.426               2.37 
SPOTTAIL SHINER            4.23           0.04       15.150          64.12         0.63             3.01              0.025               0.00 
GIZZARD SHAD               3.72           1.54       15.150          56.41        23.32             2.36              0.937               0.00 
YELLOW PERCH               3.09           0.09       15.150          46.80         1.30             0.77              0.037               1.55 
CHANNEL CATFISH            2.60           0.45       15.150          39.34         6.84             1.03              0.193               0.55 
BLUEGILL                   2.28           0.02       15.150          34.51         0.32             2.07              0.018               0.00 
WHITE CATFISH              1.77           0.08       15.150          26.80         1.20             0.70              0.032               0.36 
BROWN BULLHEAD             0.89           0.20       15.150          13.51         3.04             0.52              0.195               0.00 
GOLDEN SHINER              0.29           0.00       15.150           4.33         0.02             0.29              0.001               0.00 
WARMOUTH                   0.27           0.00       15.150           4.12         0.05             0.14              0.002               0.00 
RAINBOW TROUT              0.06           0.03       15.150           0.96         0.44             0.06              0.029               0.00 
AMERICAN EEL               0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
BLACK CRAPPIE              0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000            136.58             5.81             0.00            0.0000            174.99             7.56           3 
     0.0273             13.37             0.08             2.56            0.0135             15.54             0.10           3 
     0.3601             14.54             1.84             0.00            0.0000             17.83             2.20           3 
     0.4805             13.42            13.45             0.00            0.0000             16.27            16.69           3 
     0.4610             11.20             2.17             0.17            0.0347             13.41             2.59           3 
     0.0000             10.25             0.09             0.00            0.0000             13.26             0.12           3 
     0.0000              8.45             3.41             0.00            0.0000             10.81             4.35           3 
     0.0124              4.63             0.16             0.78            0.0000              5.40             0.20           3 
     0.0649              4.65             0.84             0.00            0.0000              5.67             1.03           3 
     0.0000              6.42             0.06             0.00            0.0000              8.49             0.07           3 
     0.0147              3.17             0.14             0.00            0.0000              3.88             0.18           3 
     0.0000              1.93             0.59             0.00            0.0000              2.44             0.78           3 
     0.0000              0.86             0.00             0.00            0.0000              1.14             0.00           3 
     0.0000              0.54             0.01             0.00            0.0000              0.68             0.01           3 
     0.0000              0.19             0.09             0.00            0.0000              0.25             0.12           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1993 TO JUN 1993 MONTH=APRIL 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLUEHEAD CHUB              0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1993 TO JUN 1993 MONTH=APRIL 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
TADPOLE MADTOM             0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       15.150           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             110.48          14.20                     1673.75       215.17            59.86              7.266              12.97 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     1.4208            230.20            28.73             3.50            0.0482            290.06            36.00 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1993 TO JUN 1993 MONTH=MAY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLUEBACK HERRING        4147.94          86.78       25.430      105482.12      2206.85          3954.25             79.251               0.00 
YELLOW PERCH              60.59           2.11       25.430        1540.83        53.55            56.79              2.001               0.00 
WHITE PERCH               28.22           3.40       25.430         717.75        86.47            10.90              1.292               6.41 
THREADFIN SHAD            23.25           0.14       25.430         591.35         3.48            11.67              0.082               0.00 
STRIPED BASS              11.86           1.78       25.430         301.53        45.16             3.35              0.389               5.16 
HYBRID BASS               10.42           1.83       25.430         265.02        46.59             2.74              0.673               4.93 
BLUEGILL                   7.28           0.06       25.430         185.01         1.46             4.34              0.025               0.00 
SPOTTAIL SHINER            6.09           0.06       25.430         154.78         1.42             4.26              0.041               0.00 
WHITE CATFISH              3.24           0.14       25.430          82.47         3.56             0.54              0.051               2.17 
CHANNEL CATFISH            1.65           0.12       25.430          42.04         2.98             0.48              0.042               0.70 
WHITEFIN SHINER            1.14           0.01       25.430          28.90         0.28             0.58              0.005               0.00 
BROWN BULLHEAD             0.91           0.21       25.430          23.19         5.39             0.34              0.137               0.23 
GIZZARD SHAD               0.62           0.22       25.430          15.79         5.58             0.43              0.135               0.00 
CARP                       0.57           2.15       25.430          14.58        54.70             0.32              1.146               0.00 
WARMOUTH                   0.43           0.01       25.430          10.83         0.33             0.21              0.006               0.01 
GOLDEN SHINER              0.24           0.01       25.430           6.02         0.14             0.24              0.006               0.00 
RIVER CARPSUCKER           0.09           0.13       25.430           2.40         3.35             0.09              0.132               0.00 
TADPOLE MADTOM             0.07           0.00       25.430           1.84         0.02             0.07              0.001               0.00 
AMERICAN EEL               0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000          12056.45           245.28             0.00            0.0000          16010.70           324.53           5 
     0.0000            174.17             6.11             0.00            0.0000            230.96             8.11           5 
     0.8163             50.03             5.98             0.00            0.0000             60.94             7.28           5 
     0.0000             46.60             0.30             0.00            0.0000             58.27             0.38           5 
     0.9983             18.55             2.55             1.81            0.6095             21.90             2.94           5 
     0.4852             15.91             3.18             2.19            0.0000             18.66             3.85           5 
     0.0081             15.96             0.11             0.00            0.0000             20.30             0.13           5 
     0.0000             14.60             0.14             0.00            0.0000             18.86             0.18           5 
     0.0372              4.31             0.24             1.64            0.0000              4.85             0.29           5 
     0.0332              2.60             0.20             0.23            0.0000              3.08             0.24           5 
     0.0005              2.30             0.02             0.00            0.0000              2.88             0.03           5 
     0.0000              1.59             0.48             0.00            0.0000              1.94             0.62           5 
     0.0000              1.47             0.49             0.00            0.0000              1.90             0.63           5 
     0.0000              1.22             4.44             0.00            0.0000              1.54             5.59           5 
     0.0005              0.85             0.03             0.00            0.0000              1.06             0.03           5 
     0.0000              0.71             0.02             0.00            0.0000              0.95             0.02           5 
     0.0000              0.28             0.40             0.00            0.0000              0.38             0.53           5 
     0.0000              0.22             0.00             0.00            0.0000              0.29             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1993 TO JUN 1993 MONTH=MAY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLACK BULLHEAD             0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
BLACK CRAPPIE              0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1993 TO JUN 1993 MONTH=MAY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
SILVER REDHORSE            0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       25.430           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM            4304.62          99.15                   109466.43      2521.30          4051.61             85.415              19.62 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     2.3794          12407.84           269.98             5.86            0.6095          16459.45           355.39 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1993 TO JUN 1993 MONTH=JUNE 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD           238.94           1.03       12.130        2898.39        12.45           140.37              0.608               0.00 
BLUEBACK HERRING          61.16           1.99       12.130         741.84        24.18            44.74              1.412               0.00 
BLUEGILL                   5.15           0.02       12.130          62.49         0.25             2.95              0.009               0.00 
YELLOW PERCH               4.58           0.10       12.130          55.51         1.24             0.30              0.001               3.98 
LARGEMOUTH BASS            1.14           0.00       12.130          13.82         0.05             0.58              0.002               0.00 
CHANNEL CATFISH            1.03           0.01       12.130          12.49         0.17             0.22              0.004               0.59 
WHITE CATFISH              0.62           0.03       12.130           7.48         0.35             0.62              0.029               0.00 
WARMOUTH                   0.36           0.01       12.130           4.39         0.08             0.36              0.007               0.00 
RAINBOW TROUT              0.25           0.15       12.130           3.01         1.77             0.25              0.146               0.00 
GIZZARD SHAD               0.25           0.08       12.130           3.00         0.95             0.08              0.005               0.08 
WHITE PERCH                0.22           0.04       12.130           2.70         0.48             0.06              0.008               0.11 
HYBRID BASS                0.22           0.08       12.130           2.69         1.00             0.22              0.083               0.00 
BROWN BULLHEAD             0.19           0.00       12.130           2.31         0.01             0.19              0.001               0.00 
STRIPED BASS               0.08           0.02       12.130           1.00         0.24             0.08              0.020               0.00 
AMERICAN EEL               0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
BLACK CRAPPIE              0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000            519.67             2.24             0.00            0.0000            660.04             2.85           2 
     0.0000            150.64             4.82             0.00            0.0000            195.39             6.23           2 
     0.0036             11.05             0.04             0.00            0.0000             13.99             0.05           2 
     0.0990              5.18             0.10             3.68            0.0975              5.48             0.11           2 
     0.0000              2.30             0.01             0.00            0.0000              2.88             0.01           2 
     0.0067              1.47             0.02             0.37            0.0030              1.69             0.03           2 
     0.0000              1.85             0.09             0.00            0.0000              2.47             0.12           2 
     0.0000              1.09             0.02             0.00            0.0000              1.45             0.03           2 
     0.0000              0.74             0.44             0.00            0.0000              0.99             0.58           2 
     0.0682              0.41             0.09             0.00            0.0631              0.49             0.09           2 
     0.0228              0.34             0.06             0.05            0.0144              0.39             0.06           2 
     0.0000              0.67             0.25             0.00            0.0000              0.89             0.33           2 
     0.0000              0.57             0.00             0.00            0.0000              0.76             0.00           2 
     0.0000              0.25             0.06             0.00            0.0000              0.33             0.08           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1993 TO JUN 1993 MONTH=JUNE 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BROWN TROUT                0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
SPOTTAIL SHINER            0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1993 TO JUN 1993 MONTH=JUNE 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
TADPOLE MADTOM             0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       12.130           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             314.19           3.56                     3811.11        43.21           191.02              2.334               4.76 
 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.2003            696.22             8.23             4.10            0.1781            887.24            10.56 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1993 TO SEP 1993 MONTH=JULY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD           534.31           2.35       37.110       19828.39        87.26           403.65              1.812               0.00 
BLUEBACK HERRING           8.81           0.27       37.110         327.04        10.08             2.93              0.105               2.95 
BLUEGILL                   2.20           0.02       37.110          81.83         0.69             0.49              0.005               1.23 
YELLOW PERCH               2.17           0.05       37.110          80.56         1.80             1.11              0.023               0.00 
CHANNEL CATFISH            0.26           0.00       37.110           9.61         0.14             0.19              0.002               0.00 
WHITE CATFISH              0.25           0.01       37.110           9.41         0.21             0.16              0.004               0.00 
WARMOUTH                   0.23           0.01       37.110           8.64         0.24             0.07              0.003               0.08 
BROWN BULLHEAD             0.21           0.07       37.110           7.62         2.65             0.09              0.044               0.02 
STRIPED BASS               0.16           0.04       37.110           5.85         1.36             0.08              0.017               0.00 
SPOTTAIL SHINER            0.13           0.00       37.110           4.69         0.04             0.08              0.001               0.00 
SILVER REDHORSE            0.13           0.00       37.110           4.64         0.02             0.13              0.001               0.00 
WHITE PERCH                0.12           0.02       37.110           4.48         0.77             0.08              0.015               0.00 
HYBRID BASS                0.08           0.06       37.110           2.95         2.09             0.04              0.032               0.01 
GIZZARD SHAD               0.08           0.02       37.110           2.93         0.74             0.04              0.009               0.01 
YELLOW BULLHEAD            0.07           0.01       37.110           2.67         0.39             0.07              0.010               0.00 
BLACK CRAPPIE              0.06           0.03       37.110           2.16         1.05             0.06              0.028               0.00 
GOLDEN SHINER              0.06           0.00       37.110           2.05         0.02             0.06              0.001               0.00 
LARGEMOUTH BASS            0.05           0.00       37.110           1.74         0.01             0.05              0.000               0.00 
RAINBOW TROUT              0.03           0.01       37.110           1.03         0.47             0.03              0.013               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000           1341.62             5.97             0.00            0.0000           1745.28             7.79           6 
     0.0622             14.68             0.48             0.02            0.0000             17.61             0.59           6 
     0.0092              3.18             0.03             0.74            0.0044              3.67             0.03           6 
     0.0020              4.40             0.10             0.00            0.0000              5.51             0.12           6 
     0.0000              0.65             0.01             0.00            0.0000              0.84             0.01           6 
     0.0000              0.58             0.01             0.00            0.0000              0.74             0.02           6 
     0.0000              0.38             0.01             0.01            0.0000              0.45             0.02           6 
     0.0000              0.39             0.16             0.00            0.0000              0.48             0.20           6 
     0.0033              0.32             0.07             0.00            0.0000              0.40             0.09           6 
     0.0000              0.29             0.00             0.00            0.0000              0.37             0.00           6 
     0.0000              0.38             0.00             0.00            0.0000              0.50             0.00           6 
     0.0000              0.28             0.05             0.00            0.0000              0.36             0.07           6 
     0.0000              0.15             0.12             0.00            0.0000              0.19             0.15           6 
     0.0019              0.15             0.04             0.00            0.0000              0.19             0.05           6 
     0.0000              0.22             0.03             0.00            0.0000              0.29             0.04           6 
     0.0000              0.18             0.08             0.00            0.0000              0.23             0.11           6 
     0.0000              0.17             0.00             0.00            0.0000              0.22             0.00           6 
     0.0000              0.14             0.00             0.00            0.0000              0.19             0.00           6 
     0.0000              0.08             0.04             0.00            0.0000              0.11             0.05           6 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1993 TO SEP 1993 MONTH=JULY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
AMERICAN EEL               0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1993 TO SEP 1993 MONTH=JULY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
SPOTTED BASS               0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       37.110           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             549.40           2.96                    20388.30       110.02           409.40              2.123               4.30 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           6 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.0785           1368.21             7.21             0.77            0.0044           1777.62             9.33 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1993 TO SEP 1993 MONTH=AUGUST 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLUEBACK HERRING        1043.46          26.71       47.810       49887.61      1277.13           362.20              9.184             319.05 
THREADFIN SHAD           304.77           1.04       47.810       14570.96        49.55           145.40              0.537              13.97 
BLUEGILL                   1.58           0.01       47.810          75.63         0.49             0.37              0.003               0.84 
WHITE CATFISH              1.49           0.06       47.810          71.22         2.66             0.54              0.019               0.42 
YELLOW PERCH               0.75           0.03       47.810          35.92         1.25             0.23              0.009               0.29 
YELLOW BULLHEAD            0.43           0.02       47.810          20.53         1.19             0.20              0.013               0.03 
CHANNEL CATFISH            0.40           0.02       47.810          19.23         0.94             0.17              0.016               0.06 
BROWN BULLHEAD             0.33           0.07       47.810          15.80         3.45             0.19              0.065               0.00 
SPOTTAIL SHINER            0.25           0.00       47.810          11.84         0.09             0.11              0.001               0.02 
GIZZARD SHAD               0.20           0.06       47.810           9.72         3.08             0.08              0.026               0.05 
BROWN TROUT                0.19           0.05       47.810           9.14         2.53             0.10              0.027               0.00 
BLACK BULLHEAD             0.13           0.00       47.810           6.40         0.10             0.07              0.001               0.00 
WHITE PERCH                0.09           0.00       47.810           4.32         0.12             0.06              0.002               0.00 
STRIPED BASS               0.09           0.02       47.810           4.16         0.89             0.06              0.013               0.00 
WARMOUTH                   0.08           0.00       47.810           3.80         0.05             0.05              0.001               0.00 
LARGEMOUTH BASS            0.07           0.00       47.810           3.22         0.01             0.04              0.000               0.00 
HYBRID BASS                0.04           0.03       47.810           2.01         1.39             0.03              0.021               0.00 
AMERICAN EEL               0.04           0.01       47.810           1.96         0.25             0.04              0.005               0.00 
TESSELATED DARTR           0.03           0.00       47.810           1.38         0.05             0.03              0.001               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     8.3449           1767.86            45.08             0.00            0.0000           2130.07            54.26           8 
     0.0000            595.56             2.11             0.00            0.0000            740.96             2.65           8 
     0.0044              2.32             0.02             0.47            0.0016              2.69             0.02           8 
     0.0176              2.56             0.09             0.00            0.0000              3.10             0.11           8 
     0.0088              1.21             0.04             0.07            0.0002              1.44             0.05           8 
     0.0000              0.83             0.05             0.00            0.0000              1.03             0.06           8 
     0.0000              0.75             0.05             0.00            0.0000              0.92             0.07           8 
     0.0000              0.70             0.20             0.00            0.0000              0.89             0.27           8 
     0.0003              0.47             0.00             0.00            0.0000              0.59             0.00           8 
     0.0132              0.36             0.12             0.00            0.0000              0.43             0.14           8 
     0.0000              0.40             0.11             0.00            0.0000              0.50             0.13           8 
     0.0000              0.26             0.00             0.00            0.0000              0.33             0.01           8 
     0.0000              0.21             0.01             0.00            0.0000              0.28             0.01           8 
     0.0000              0.20             0.04             0.00            0.0000              0.26             0.06           8 
     0.0000              0.18             0.00             0.00            0.0000              0.24             0.00           8 
     0.0000              0.16             0.00             0.00            0.0000              0.20             0.00           8 
     0.0000              0.10             0.07             0.00            0.0000              0.13             0.09           8 
     0.0000              0.12             0.02             0.00            0.0000              0.16             0.02           8 
     0.0000              0.09             0.00             0.00            0.0000              0.12             0.00           8 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1993 TO SEP 1993 MONTH=AUGUST 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
RAINBOW TROUT              0.02           0.01       47.810           0.94         0.65             0.02              0.014               0.00 
BLACK CRAPPIE              0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.06             0.04             0.00            0.0000              0.08             0.05           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1993 TO SEP 1993 MONTH=AUGUST 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
SILVER REDHORSE            0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       47.810           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM            1354.44          28.15                    64755.79      1345.88           509.99              9.958             334.74 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           8 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     8.3892           2374.42            48.07             0.54            0.0017           2884.40            58.02 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1993 TO SEP 1993 MONTH=SEPTEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD          1588.76           6.01       44.290       70366.03       266.31           523.53              2.046             541.70 
BLUEBACK HERRING          24.41           0.67       44.290        1081.11        29.53             3.92              0.112              16.56 
WHITE CATFISH              4.05           0.18       44.290         179.44         7.83             1.08              0.069               1.89 
GIZZARD SHAD               2.98           0.12       44.290         132.08         5.32             1.11              0.039               0.77 
BLUEGILL                   2.81           0.05       44.290         124.44         2.03             1.05              0.022               0.71 
YELLOW PERCH               0.87           0.03       44.290          38.58         1.27             0.37              0.014               0.14 
CHANNEL CATFISH            0.74           0.02       44.290          32.89         0.75             0.37              0.010               0.00 
BLACK BULLHEAD             0.27           0.01       44.290          11.81         0.57             0.13              0.007               0.00 
BROWN BULLHEAD             0.24           0.03       44.290          10.71         1.40             0.09              0.020               0.07 
FLAT BULLHEAD              0.16           0.03       44.290           7.22         1.45             0.08              0.025               0.01 
YELLOW BULLHEAD            0.15           0.00       44.290           6.77         0.16             0.11              0.003               0.00 
SPOTTAIL SHINER            0.15           0.00       44.290           6.68         0.07             0.10              0.001               0.00 
WHITE PERCH                0.15           0.00       44.290           6.57         0.05             0.11              0.001               0.00 
BROWN TROUT                0.13           0.05       44.290           5.84         2.05             0.05              0.017               0.03 
GOLDEN SHINER              0.10           0.00       44.290           4.50         0.02             0.10              0.000               0.00 
COASTAL SHINER             0.10           0.00       44.290           4.31         0.01             0.10              0.000               0.00 
LARGEMOUTH BASS            0.08           0.00       44.290           3.34         0.11             0.05              0.002               0.00 
LONGNOSE GAR               0.07           0.09       44.290           2.96         3.94             0.05              0.066               0.00 
WARMOUTH                   0.05           0.00       44.290           2.11         0.04             0.05              0.001               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     1.9213           2635.82            10.10            18.17            0.0000           3159.34            12.15           7 
     0.4419             32.26             0.89            12.64            0.3295             36.18             1.00           7 
     0.0385              6.21             0.31             0.82            0.0000              7.29             0.38           7 
     0.0421              5.20             0.20             0.00            0.0031              6.30             0.24           7 
     0.0024              4.91             0.09             0.00            0.0000              5.96             0.11           7 
     0.0012              1.60             0.06             0.00            0.0000              1.97             0.07           7 
     0.0000              1.49             0.04             0.00            0.0000              1.86             0.05           7 
     0.0000              0.53             0.03             0.00            0.0000              0.66             0.03           7 
     0.0000              0.42             0.07             0.00            0.0000              0.50             0.09           7 
     0.0000              0.32             0.08             0.00            0.0000              0.40             0.11           7 
     0.0000              0.37             0.01             0.00            0.0000              0.48             0.01           7 
     0.0000              0.36             0.00             0.00            0.0000              0.46             0.01           7 
     0.0000              0.37             0.00             0.00            0.0000              0.48             0.00           7 
     0.0115              0.24             0.08             0.00            0.0000              0.29             0.10           7 
     0.0000              0.30             0.00             0.00            0.0000              0.41             0.00           7 
     0.0000              0.29             0.00             0.00            0.0000              0.39             0.00           7 
     0.0000              0.17             0.01             0.00            0.0000              0.22             0.01           7 
     0.0000              0.16             0.22             0.00            0.0000              0.21             0.29           7 
     0.0000              0.14             0.00             0.00            0.0000              0.19             0.00           7 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1993 TO SEP 1993 MONTH=SEPTEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
HYBRID BASS                0.04           0.05       44.290           1.98         2.01             0.04              0.045               0.00 
TESSELATED DARTR           0.04           0.00       44.290           1.63         0.02             0.04              0.000               0.00 
COOSA BASS                 0.02           0.01       44.290           0.99         0.63             0.02              0.014               0.00 
CARP                       0.02           0.03       44.290           0.98         1.45             0.02              0.033               0.00 
STRIPED BASS               0.02           0.01       44.290           0.98         0.23             0.02              0.005               0.00 
AMERICAN EEL               0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
BLACK CRAPPIE              0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.13             0.14             0.00            0.0000              0.18             0.18           7 
     0.0000              0.11             0.00             0.00            0.0000              0.15             0.00           7 
     0.0000              0.07             0.04             0.00            0.0000              0.09             0.06           7 
     0.0000              0.07             0.10             0.00            0.0000              0.09             0.13           7 
     0.0000              0.07             0.02             0.00            0.0000              0.09             0.02           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1993 TO SEP 1993 MONTH=SEPTEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
SILVER REDHORSE            0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       44.290           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM            1626.42           7.39                    72033.95       327.25           532.59              2.555             561.88 
 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     2.4589           2691.59            12.50            31.63            0.3326           3224.18            15.05 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1993 TO DEC 1993 MONTH=OCTOBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD           916.40           2.82       25.700       23551.46        72.42           268.36              0.461             379.68 
BLUEBACK HERRING          14.35           0.31       25.700         368.79         7.92             4.07              0.095               6.21 
WHITE CATFISH              9.92           0.32       25.700         254.85         8.24             4.58              0.149               0.76 
BLUEGILL                   3.35           0.05       25.700          86.00         1.28             0.98              0.024               1.39 
CHANNEL CATFISH            1.60           0.13       25.700          41.12         3.24             0.54              0.061               0.51 
GIZZARD SHAD               0.92           0.07       25.700          23.58         1.85             0.37              0.036               0.18 
SPOTTAIL SHINER            0.53           0.00       25.700          13.68         0.09             0.42              0.002               0.00 
WHITE PERCH                0.41           0.06       25.700          10.55         1.65             0.12              0.023               0.16 
STRIPED BASS               0.38           0.05       25.700           9.82         1.33             0.14              0.013               0.10 
YELLOW PERCH               0.20           0.00       25.700           5.07         0.11             0.13              0.002               0.00 
HYBRID BASS                0.18           0.05       25.700           4.70         1.19             0.09              0.019               0.01 
GOLDEN SHINER              0.09           0.00       25.700           2.31         0.02             0.09              0.001               0.00 
YELLOW BULLHEAD            0.09           0.00       25.700           2.31         0.04             0.09              0.002               0.00 
BROWN BULLHEAD             0.09           0.00       25.700           2.25         0.01             0.09              0.000               0.00 
GREEN SUNFISH              0.08           0.00       25.700           2.15         0.00             0.08              0.000               0.00 
WARMOUTH                   0.08           0.01       25.700           2.11         0.22             0.08              0.009               0.00 
AMERICAN EEL               0.08           0.01       25.700           2.05         0.27             0.08              0.010               0.00 
BLACK CRAPPIE              0.08           0.04       25.700           2.05         0.99             0.08              0.039               0.00 
CARP                       0.04           0.06       25.700           1.00         1.49             0.04              0.058               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     1.8949           1453.12             3.74           111.32            1.4334           1721.47             4.20           4 
     0.1184             22.49             0.50             2.14            0.0236             26.56             0.59           4 
     0.0227             19.07             0.62             0.00            0.0000             23.65             0.77           4 
     0.0018              5.30             0.10             0.41            0.0000              6.28             0.12           4 
     0.0040              2.69             0.25             0.00            0.0000              3.23             0.31           4 
     0.0000              1.66             0.14             0.00            0.0000              2.03             0.18           4 
     0.0000              1.37             0.01             0.00            0.0000              1.79             0.01           4 
     0.0183              0.66             0.11             0.04            0.0000              0.78             0.13           4 
     0.0250              0.67             0.08             0.00            0.0117              0.81             0.09           4 
     0.0000              0.45             0.01             0.00            0.0000              0.58             0.01           4 
     0.0088              0.36             0.08             0.00            0.0000              0.45             0.10           4 
     0.0000              0.27             0.00             0.00            0.0000              0.36             0.00           4 
     0.0000              0.27             0.00             0.00            0.0000              0.36             0.01           4 
     0.0000              0.26             0.00             0.00            0.0000              0.35             0.00           4 
     0.0000              0.25             0.00             0.00            0.0000              0.33             0.00           4 
     0.0000              0.25             0.03             0.00            0.0000              0.33             0.03           4 
     0.0000              0.24             0.03             0.00            0.0000              0.32             0.04           4 
     0.0000              0.24             0.12             0.00            0.0000              0.32             0.15           4 
     0.0000              0.12             0.17             0.00            0.0000              0.16             0.23           4 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1993 TO DEC 1993 MONTH=OCTOBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
COOSA BASS                 0.04           0.02       25.700           0.98         0.62             0.04              0.024               0.00 
LONGNOSE GAR               0.04           0.09       25.700           0.98         2.34             0.04              0.091               0.00 
BLACK BULLHEAD             0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.11             0.07             0.00            0.0000              0.15             0.10           4 
     0.0000              0.11             0.27             0.00            0.0000              0.15             0.36           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1993 TO DEC 1993 MONTH=OCTOBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
SPOTTED BASS               0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       25.700           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             948.94           4.10                    24387.80       105.31           280.50              1.119             389.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     2.0939           1509.95             6.34           113.91            1.4687           1790.45             7.46 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1993 TO DEC 1993 MONTH=NOVEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD           279.95           0.51       13.330        3731.73         6.83            70.24              0.100             139.48 
BLUEGILL                   9.01           0.09       13.330         120.11         1.16             1.63              0.036               5.75 
BLUEBACK HERRING           7.75           0.19       13.330         103.35         2.48             4.18              0.116               0.00 
WHITE CATFISH              6.43           0.30       13.330          85.71         4.03             4.78              0.214               0.00 
CHANNEL CATFISH            1.99           0.23       13.330          26.52         3.08             0.80              0.028               0.39 
GIZZARD SHAD               1.58           0.01       13.330          21.08         0.15             0.93              0.000               0.00 
SPOTTAIL SHINER            1.20           0.01       13.330          16.02         0.15             0.11              0.002               0.99 
WHITE PERCH                0.75           0.05       13.330          10.04         0.63             0.21              0.001               0.33 
STRIPED BASS               0.75           0.12       13.330           9.97         1.64             0.59              0.094               0.00 
YELLOW PERCH               0.60           0.01       13.330           8.06         0.13             0.60              0.010               0.00 
GREEN SUNFISH              0.31           0.00       13.330           4.17         0.01             0.31              0.001               0.00 
HYBRID BASS                0.22           0.06       13.330           2.95         0.80             0.06              0.005               0.10 
FLATHEAD CATFISH           0.18           0.09       13.330           2.47         1.24             0.18              0.093               0.00 
BLUEHEAD CHUB              0.16           0.00       13.330           2.18         0.00             0.16              0.000               0.00 
AMERICAN EEL               0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
BLACK CRAPPIE              0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
BROWN BULLHEAD             0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.3125            420.42             0.71            69.24            0.2123            490.66             0.81           2 
     0.0152             12.27             0.16             4.12            0.0000             13.90             0.19           2 
     0.0000             16.12             0.42             0.00            0.0000             20.30             0.53           2 
     0.0000             15.99             0.73             0.00            0.0000             20.77             0.94           2 
     0.1759              3.59             0.29             0.00            0.1483              4.39             0.31           2 
     0.0107              3.43             0.01             0.00            0.0104              4.36             0.01           2 
     0.0068              1.42             0.02             0.88            0.0046              1.52             0.02           2 
     0.0456              1.18             0.05             0.11            0.0446              1.39             0.05           2 
     0.0000              1.93             0.31             0.00            0.0000              2.52             0.41           2 
     0.0000              1.81             0.03             0.00            0.0000              2.42             0.04           2 
     0.0000              0.94             0.00             0.00            0.0000              1.25             0.00           2 
     0.0493              0.35             0.07             0.03            0.0441              0.41             0.08           2 
     0.0000              0.55             0.28             0.00            0.0000              0.74             0.37           2 
     0.0000              0.49             0.00             0.00            0.0000              0.65             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1993 TO DEC 1993 MONTH=NOVEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BROWN TROUT                0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1993 TO DEC 1993 MONTH=NOVEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
TESSELATED DARTR           0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
WARMOUTH                   0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       13.330           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             310.90           1.68                     4144.36        22.33            84.79              0.700             147.03 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.6160            480.49             3.07            74.39            0.4644            565.28             3.77 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1993 TO DEC 1993 MONTH=DECEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD           717.33           1.07       12.250        8787.28        13.11           313.28              0.471              90.77 
BLUEBACK HERRING          66.57           2.55       12.250         815.49        31.20            29.52              1.130               7.53 
BLUEGILL                   3.18           0.07       12.250          38.92         0.86             0.97              0.034               1.24 
SPOTTAIL SHINER            2.96           0.03       12.250          36.25         0.32             0.65              0.007               1.66 
YELLOW PERCH               2.05           0.03       12.250          25.11         0.41             1.76              0.031               0.00 
WHITE CATFISH              1.78           0.06       12.250          21.83         0.78             0.96              0.043               0.00 
CHANNEL CATFISH            1.24           0.29       12.250          15.16         3.59             0.36              0.085               0.52 
GIZZARD SHAD               0.94           0.02       12.250          11.48         0.24             0.21              0.013               0.52 
HYBRID BASS                0.49           0.21       12.250           5.94         2.61             0.15              0.111               0.19 
BROWN BULLHEAD             0.21           0.02       12.250           2.52         0.25             0.21              0.020               0.00 
BLACK CRAPPIE              0.19           0.00       12.250           2.27         0.01             0.19              0.001               0.00 
STRIPED BASS               0.16           0.03       12.250           1.94         0.35             0.16              0.029               0.00 
AMERICAN EEL               0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.1289           1343.89             2.01             0.00            0.0000           1657.16             2.48           2 
     0.2862            125.61             4.81             0.00            0.0000            155.13             5.94           2 
     0.0024              5.11             0.14             0.27            0.0000              6.08             0.17           2 
     0.0122              4.26             0.04             1.01            0.0054              4.90             0.05           2 
     0.0000              5.58             0.09             0.00            0.0000              7.34             0.12           2 
     0.0000              3.69             0.15             0.00            0.0000              4.65             0.19           2 
     0.1220              1.96             0.46             0.16            0.0366              2.32             0.55           2 
     0.0000              1.36             0.05             0.31            0.0000              1.57             0.06           2 
     0.0000              0.78             0.43             0.04            0.0000              0.93             0.55           2 
     0.0000              0.62             0.06             0.00            0.0000              0.82             0.08           2 
     0.0000              0.56             0.00             0.00            0.0000              0.74             0.00           2 
     0.0000              0.47             0.09             0.00            0.0000              0.63             0.11           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1993 TO DEC 1993 MONTH=DECEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
COASTAL SHINER             0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1993 TO DEC 1993 MONTH=DECEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
WARMOUTH                   0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
WHITE PERCH                0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       12.250           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             797.08           4.38                     9764.19        53.71           348.40              1.974             102.43 
 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.5517           1493.88             8.33             1.79            0.0419           1842.28            10.31 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1994 TO MAR 1994 MONTH=JANUARY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD          2769.87           4.46       18.970       52544.53        84.59           603.08              1.190            1563.72 
BLUEBACK HERRING         315.60          13.06       18.970        5986.86       247.67           282.48             11.708               0.00 
YELLOW PERCH              51.80           0.47       18.970         982.68         8.84            32.16              0.273               0.00 
SPOTTAIL SHINER            7.48           0.06       18.970         141.98         1.20             1.91              0.016               3.67 
BLUEGILL                   1.03           0.01       18.970          19.53         0.19             0.55              0.005               0.00 
CHANNEL CATFISH            0.53           0.02       18.970          10.09         0.45             0.35              0.020               0.00 
WHITE CATFISH              0.50           0.00       18.970           9.54         0.08             0.50              0.004               0.00 
BROWN BULLHEAD             0.36           0.00       18.970           6.88         0.04             0.21              0.001               0.00 
STRIPED BASS               0.13           0.03       18.970           2.40         0.49             0.07              0.014               0.00 
HYBRID BASS                0.11           0.07       18.970           2.02         1.29             0.05              0.049               0.00 
SPOTTED BASS               0.07           0.00       18.970           1.41         0.01             0.07              0.000               0.00 
TESSELATED DARTR           0.07           0.00       18.970           1.41         0.05             0.07              0.003               0.00 
WHITE BASS                 0.05           0.01       18.970           1.00         0.21             0.05              0.011               0.00 
AMERICAN EEL               0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
BLACK CRAPPIE              0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     2.0792           3976.03             6.84           960.65            0.8893           4579.10             8.03           3 
     0.0000            880.55            36.47             0.00            0.0000           1163.03            48.18           3 
     0.0000            116.13             1.01             0.00            0.0000            148.29             1.29           3 
     0.0317             11.30             0.10             1.76            0.0158             13.21             0.11           3 
     0.0000              2.13             0.02             0.00            0.0000              2.68             0.03           3 
     0.0000              1.23             0.06             0.00            0.0000              1.58             0.08           3 
     0.0000              1.51             0.01             0.00            0.0000              2.01             0.02           3 
     0.0000              0.78             0.00             0.00            0.0000              1.00             0.01           3 
     0.0000              0.26             0.05             0.00            0.0000              0.33             0.07           3 
     0.0000              0.21             0.17             0.00            0.0000              0.27             0.21           3 
     0.0000              0.22             0.00             0.00            0.0000              0.30             0.00           3 
     0.0000              0.22             0.01             0.00            0.0000              0.30             0.01           3 
     0.0000              0.16             0.03             0.00            0.0000              0.21             0.04           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 







 
  -148 


Table 1-24.   (Continued). 
 
QUARTER=JAN 1994 TO MAR 1994 MONTH=JANUARY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
CARP                       0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
GIZZARD SHAD               0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1994 TO MAR 1994 MONTH=JANUARY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
TADPOLE MADTOM             0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
WARMOUTH                   0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
WHITE PERCH                0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       18.970           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM            3147.62          18.19                    59710.31       345.12           921.56             13.295            1567.39 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     2.1109           4990.74            44.78           962.40            0.9051           5912.30            58.08 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1994 TO MAR 1994 MONTH=FEBRUARY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD          2315.90           3.14       13.440       31125.75        42.18          1595.23              2.083               0.00 
YELLOW PERCH             161.68           1.87       13.440        2172.93        25.15           106.36              1.327               0.00 
GIZZARD SHAD              47.99           2.34       13.440         645.00        31.40            43.02              1.158               0.00 
BLUEBACK HERRING          17.84           0.44       13.440         239.77         5.85             8.67              0.275               0.50 
SPOTTAIL SHINER            1.63           0.01       13.440          21.92         0.17             0.89              0.006               0.00 
BLUEGILL                   0.67           0.01       13.440           9.07         0.18             0.15              0.005               0.38 
WHITEFIN SHINER            0.47           0.00       13.440           6.26         0.04             0.29              0.001               0.00 
CHANNEL CATFISH            0.36           0.01       13.440           4.83         0.08             0.36              0.006               0.00 
HYBRID BASS                0.22           0.18       13.440           3.02         2.42             0.08              0.130               0.07 
WHITE BASS                 0.18           0.02       13.440           2.36         0.31             0.18              0.023               0.00 
BROWN BULLHEAD             0.17           0.00       13.440           2.27         0.01             0.17              0.001               0.00 
WARMOUTH                   0.15           0.01       13.440           2.07         0.13             0.15              0.010               0.00 
LARGEMOUTH BASS            0.10           0.00       13.440           1.38         0.01             0.10              0.000               0.00 
NORTHERN HOGSUCKR          0.09           0.00       13.440           1.18         0.00             0.09              0.000               0.00 
STRIPED BASS               0.07           0.01       13.440           0.99         0.18             0.07              0.013               0.00 
WHITE PERCH                0.07           0.02       13.440           0.99         0.29             0.07              0.021               0.00 
AMERICAN EEL               0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
BLACK CRAPPIE              0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000           5506.36             7.31             0.00            0.0000           7101.59             9.39           2 
     0.0000            374.39             4.52             0.00            0.0000            480.75             5.85           2 
     0.0211            134.03             4.65             0.00            0.0000            177.05             5.81           2 
     0.0000             35.18             0.99             0.00            0.0000             43.85             1.26           2 
     0.0000              3.41             0.03             0.00            0.0000              4.30             0.03           2 
     0.0040              0.97             0.02             0.24            0.0000              1.11             0.03           2 
     0.0000              1.04             0.01             0.00            0.0000              1.33             0.01           2 
     0.0000              1.08             0.02             0.00            0.0000              1.44             0.02           2 
     0.0000              0.38             0.44             0.00            0.0000              0.46             0.57           2 
     0.0000              0.53             0.07             0.00            0.0000              0.70             0.09           2 
     0.0000              0.51             0.00             0.00            0.0000              0.67             0.00           2 
     0.0000              0.46             0.03             0.00            0.0000              0.62             0.04           2 
     0.0000              0.31             0.00             0.00            0.0000              0.41             0.00           2 
     0.0000              0.26             0.00             0.00            0.0000              0.35             0.00           2 
     0.0000              0.22             0.04             0.00            0.0000              0.29             0.05           2 
     0.0000              0.22             0.06             0.00            0.0000              0.29             0.08           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1994 TO MAR 1994 MONTH=FEBRUARY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLACKBANDED DARTR          0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1994 TO MAR 1994 MONTH=FEBRUARY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
SPOTTED BASS               0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
WHITE CATFISH              0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       13.440           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM            2547.60           8.07                    34239.76       108.40          1755.88              5.060               0.95 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.0251           6059.36            18.19             0.24            0.0000           7815.24            23.25 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1994 TO MAR 1994 MONTH=MARCH 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
YELLOW PERCH              63.96           0.86       12.530         801.48        10.79            34.79              0.513               0.00 
GIZZARD SHAD               8.52           3.38       12.530         106.81        42.35             1.43              0.711               5.67 
THREADFIN SHAD             4.81           0.02       12.530          60.30         0.27             0.77              0.000               3.28 
WHITE CRAPPIE              4.16           0.05       12.530          52.16         0.69             4.16              0.055               0.00 
SPOTTAIL SHINER            3.48           0.03       12.530          43.66         0.34             1.10              0.009               1.29 
BLUEGILL                   3.22           0.05       12.530          40.39         0.59             1.64              0.005               0.00 
HYBRID BASS                1.20           1.49       12.530          15.03        18.69             0.25              0.389               0.70 
BLUEBACK HERRING           0.96           0.02       12.530          12.03         0.25             0.57              0.013               0.00 
STRIPED BASS               0.90           0.26       12.530          11.30         3.20             0.74              0.176               0.00 
BLACK CRAPPIE              0.45           0.00       12.530           5.63         0.03             0.23              0.002               0.00 
WHITE PERCH                0.45           0.01       12.530           5.60         0.15             0.00              0.000               0.44 
WARMOUTH                   0.39           0.01       12.530           4.92         0.13             0.17              0.006               0.05 
BROWN BULLHEAD             0.21           0.01       12.530           2.63         0.10             0.21              0.008               0.00 
WHITE CATFISH              0.18           0.00       12.530           2.28         0.01             0.18              0.001               0.00 
SPOTTED BASS               0.16           0.09       12.530           1.98         1.07             0.16              0.085               0.00 
GREEN SUNFISH              0.11           0.00       12.530           1.39         0.00             0.11              0.000               0.00 
TESSELATED DARTR           0.11           0.00       12.530           1.39         0.01             0.11              0.001               0.00 
AMERICAN EEL               0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000            133.54             1.89             0.00            0.0000            168.33             2.40           2 
     1.9585             11.38             4.80             4.24            1.2478             12.81             5.51           2 
     0.0206              6.35             0.02             2.51            0.0203              7.12             0.02           2 
     0.0000             12.49             0.16             0.00            0.0000             16.65             0.22           2 
     0.0091              5.68             0.05             0.19            0.0001              6.78             0.05           2 
     0.0382              6.51             0.06             0.00            0.0337              8.15             0.06           2 
     0.7143              1.70             2.27             0.44            0.3257              1.96             2.66           2 
     0.0000              2.11             0.05             0.00            0.0000              2.68             0.06           2 
     0.0000              2.38             0.61             0.00            0.0000              3.12             0.78           2 
     0.0000              0.91             0.01             0.00            0.0000              1.13             0.01           2 
     0.0119              0.46             0.01             0.43            0.0118              0.46             0.01           2 
     0.0000              0.74             0.02             0.00            0.0000              0.91             0.03           2 
     0.0000              0.63             0.02             0.00            0.0000              0.84             0.03           2 
     0.0000              0.55             0.00             0.00            0.0000              0.73             0.00           2 
     0.0000              0.47             0.26             0.00            0.0000              0.63             0.34           2 
     0.0000              0.33             0.00             0.00            0.0000              0.44             0.00           2 
     0.0000              0.33             0.00             0.00            0.0000              0.44             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1994 TO MAR 1994 MONTH=MARCH 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLACKBANDED DARTR          0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
CHANNEL CATFISH            0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1994 TO MAR 1994 MONTH=MARCH 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
RIVER CARPSUCKER           0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       12.530           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM              93.29           6.28                     1168.96        78.69            46.63              1.974              11.42 
 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     2.7526            186.55            10.23             7.82            1.6392            233.17            12.20 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1994 TO JUN 1994 MONTH=APRIL 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
SPOTTAIL SHINER           63.88           0.50       12.550         801.73         6.26            23.34              0.197              17.20 
THREADFIN SHAD            17.75           0.14       12.550         222.73         1.77            12.52              0.099               0.00 
YELLOW PERCH              11.45           0.26       12.550         143.74         3.32             3.54              0.094               4.38 
BLUEGILL                  10.31           0.06       12.550         129.37         0.70             6.63              0.044               0.00 
BLUEBACK HERRING           6.78           0.15       12.550          85.13         1.85             3.25              0.069               0.29 
BLACK CRAPPIE              4.45           0.03       12.550          55.80         0.35             0.16              0.003               4.13 
WHITE PERCH                3.83           0.46       12.550          48.12         5.81             1.70              0.223               0.43 
GIZZARD SHAD               3.45           0.61       12.550          43.32         7.70             2.13              0.214               0.00 
WHITE CRAPPIE              1.52           0.03       12.550          19.11         0.33             1.22              0.017               0.00 
STRIPED BASS               1.44           0.12       12.550          18.11         1.46             1.44              0.116               0.00 
HYBRID BASS                0.88           0.79       12.550          11.00         9.95             0.40              0.269               0.08 
TESSELATED DARTR           0.61           0.02       12.550           7.61         0.21             0.61              0.017               0.00 
WARMOUTH                   0.47           0.01       12.550           5.90         0.18             0.17              0.012               0.14 
CHANNEL CATFISH            0.41           0.01       12.550           5.20         0.09             0.00              0.000               0.41 
BROWN BULLHEAD             0.21           0.00       12.550           2.60         0.06             0.21              0.005               0.00 
WHITEFIN SHINER            0.18           0.00       12.550           2.30         0.01             0.18              0.001               0.00 
SILVER REDHORSE            0.16           0.17       12.550           2.00         2.11             0.16              0.168               0.00 
AMERICAN EEL               0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.1041            110.57             0.89             0.00            0.0000            133.91             1.09           2 
     0.0000             42.80             0.34             0.00            0.0000             55.32             0.44           2 
     0.0764             18.53             0.45             0.84            0.0000             22.07             0.55           2 
     0.0000             23.57             0.14             0.00            0.0000             30.20             0.19           2 
     0.0084             13.28             0.29             0.00            0.0000             16.53             0.36           2 
     0.0217              4.76             0.03             3.98            0.0186              4.91             0.04           2 
     0.0181              7.23             0.91             0.00            0.0000              8.93             1.13           2 
     0.1865              7.71             1.04             0.00            0.0000              9.84             1.25           2 
     0.0000              3.96             0.06             0.00            0.0000              5.18             0.08           2 
     0.0000              4.33             0.35             0.00            0.0000              5.77             0.46           2 
     0.2558              1.68             1.33             0.00            0.0000              2.07             1.60           2 
     0.0000              1.82             0.05             0.00            0.0000              2.42             0.07           2 
     0.0000              0.80             0.04             0.00            0.0000              0.97             0.05           2 
     0.0070              0.42             0.01             0.41            0.0070              0.42             0.01           2 
     0.0000              0.62             0.01             0.00            0.0000              0.83             0.02           2 
     0.0000              0.55             0.00             0.00            0.0000              0.73             0.00           2 
     0.0000              0.48             0.50             0.00            0.0000              0.64             0.67           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1994 TO JUN 1994 MONTH=APRIL 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLACKBANDED DARTR          0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1994 TO JUN 1994 MONTH=APRIL 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
RIVER CARPSUCKER           0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
WHITE CATFISH              0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       12.550           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             127.79           3.36                     1603.77        42.15            57.66              1.547              27.06 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           2 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.6780            243.10             6.45             5.23            0.0255            300.76             8.00 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1994 TO JUN 1994 MONTH=MAY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD           369.07           2.32       24.120        8902.07        56.05            54.08              0.451             260.91 
BLUEBACK HERRING          79.08           1.92       24.120        1907.34        46.35            58.93              1.363               0.00 
YELLOW PERCH              36.64           0.71       24.120         883.85        17.19            10.73              0.175              15.18 
BLACK CRAPPIE             24.02           0.25       24.120         579.29         6.13             6.81              0.067              10.40 
SPOTTAIL SHINER           21.28           0.15       24.120         513.31         3.59             7.32              0.055               6.64 
BLUEGILL                  15.48           0.09       24.120         373.39         2.09            10.42              0.069               0.00 
WHITE PERCH               10.58           0.29       24.120         255.07         7.07             3.62              0.102               3.34 
STRIPED BASS               2.01           0.36       24.120          48.55         8.74             0.78              0.141               0.45 
WHITE CRAPPIE              1.80           0.04       24.120          43.38         1.06             1.48              0.032               0.00 
WARMOUTH                   0.91           0.01       24.120          21.86         0.29             0.13              0.004               0.65 
GIZZARD SHAD               0.59           0.17       24.120          14.23         4.22             0.24              0.075               0.11 
WHITE CATFISH              0.54           0.02       24.120          13.04         0.59             0.10              0.015               0.34 
CHAIN PICKEREL             0.21           0.00       24.120           5.09         0.00             0.21              0.000               0.00 
GOLDEN SHINER              0.18           0.00       24.120           4.43         0.02             0.18              0.001               0.00 
CHANNEL CATFISH            0.17           0.00       24.120           4.18         0.04             0.17              0.002               0.00 
HYBRID BASS                0.12           0.08       24.120           2.83         1.86             0.12              0.077               0.00 
BROWN BULLHEAD             0.09           0.01       24.120           2.09         0.13             0.09              0.006               0.00 
MADTOM                     0.09           0.00       24.120           2.09         0.00             0.09              0.000               0.00 
YELLOW BULLHEAD            0.07           0.00       24.120           1.60         0.03             0.07              0.001               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     1.4211            477.24             3.23           206.83            0.9698            531.32             3.68           4 
     0.0000            196.94             4.65             0.00            0.0000            255.87             6.01           4 
     0.3633             58.11             1.06             4.45            0.1886             68.84             1.24           4 
     0.1194             37.63             0.39             3.59            0.0520             44.44             0.46           4 
     0.0384             35.92             0.26             0.00            0.0000             43.24             0.31           4 
     0.0000             36.31             0.22             0.00            0.0000             46.73             0.29           4 
     0.0887             17.81             0.50             0.00            0.0000             21.43             0.60           4 
     0.0808              3.57             0.64             0.00            0.0000              4.35             0.79           4 
     0.0000              4.76             0.11             0.00            0.0000              6.24             0.14           4 
     0.0042              1.17             0.02             0.52            0.0003              1.30             0.02           4 
     0.0258              1.07             0.32             0.00            0.0000              1.30             0.40           4 
     0.0000              0.74             0.05             0.24            0.0000              0.84             0.07           4 
     0.0000              0.63             0.00             0.00            0.0000              0.84             0.00           4 
     0.0000              0.55             0.00             0.00            0.0000              0.73             0.00           4 
     0.0000              0.52             0.01             0.00            0.0000              0.69             0.01           4 
     0.0000              0.35             0.23             0.00            0.0000              0.47             0.31           4 
     0.0000              0.26             0.02             0.00            0.0000              0.35             0.02           4 
     0.0000              0.26             0.00             0.00            0.0000              0.35             0.00           4 
     0.0000              0.20             0.00             0.00            0.0000              0.27             0.00           4 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1994 TO JUN 1994 MONTH=MAY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
LARGEMOUTH BASS            0.05           0.07       24.120           1.23         1.70             0.05              0.071               0.00 
RIVER CARPSUCKER           0.04           0.07       24.120           0.94         1.66             0.04              0.069               0.00 
AMERICAN EEL               0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.15             0.21             0.00            0.0000              0.20             0.28           4 
     0.0000              0.12             0.21             0.00            0.0000              0.16             0.27           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1994 TO JUN 1994 MONTH=MAY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
SILVER REDHORSE            0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       24.120           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             563.01           6.58                    13579.85       158.81           155.65              2.774             298.02 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     2.1416            874.31            12.13           215.62            1.2107           1029.97            14.91 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1994 TO JUN 1994 MONTH=JUNE 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD           401.14           2.12       23.250        9326.58        49.30           153.59              0.826              93.97 
YELLOW PERCH              50.90           0.67       23.250        1183.32        15.63            19.70              0.251              11.49 
BLUEBACK HERRING          50.60           1.32       23.250        1176.53        30.75            16.19              0.413              18.22 
BLACK CRAPPIE             18.74           0.22       23.250         435.74         5.08             2.92              0.029              12.91 
BLUEGILL                  15.52           0.10       23.250         360.87         2.26             8.27              0.038               0.00 
WHITE PERCH               10.53           0.33       23.250         244.81         7.73             3.24              0.107               4.05 
SPOTTAIL SHINER            5.09           0.04       23.250         118.41         0.86             0.52              0.004               4.05 
STRIPED BASS               0.81           0.09       23.250          18.75         2.13             0.33              0.040               0.16 
WARMOUTH                   0.75           0.01       23.250          17.54         0.31             0.29              0.005               0.18 
GIZZARD SHAD               0.42           0.14       23.250           9.86         3.32             0.16              0.050               0.11 
CHANNEL CATFISH            0.21           0.01       23.250           4.79         0.12             0.07              0.002               0.07 
WHITE CRAPPIE              0.19           0.00       23.250           4.32         0.05             0.11              0.001               0.00 
WHITE CATFISH              0.16           0.00       23.250           3.68         0.05             0.09              0.002               0.00 
LARGEMOUTH BASS            0.15           0.00       23.250           3.38         0.00             0.15              0.000               0.00 
SPOTTED BASS               0.15           0.00       23.250           3.38         0.00             0.15              0.000               0.00 
CHAIN PICKEREL             0.11           0.00       23.250           2.47         0.00             0.11              0.000               0.00 
WHITE BASS                 0.04           0.01       23.250           0.99         0.20             0.04              0.009               0.00 
AMERICAN EEL               0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.4684            708.32             3.77             0.00            0.0000            861.91             4.60           4 
     0.1709             90.30             1.17             0.00            0.0000            110.00             1.42           4 
     0.4957             82.98             2.15             2.04            0.0823             99.17             2.56           4 
     0.1609             24.57             0.28             9.99            0.1320             27.49             0.31           4 
     0.0202             32.06             0.17             0.00            0.0000             40.33             0.21           4 
     0.1186             17.01             0.55             0.80            0.0115             20.25             0.65           4 
     0.0297              6.14             0.04             3.53            0.0260              6.66             0.05           4 
     0.0115              1.46             0.17             0.00            0.0000              1.78             0.21           4 
     0.0030              1.32             0.02             0.00            0.0000              1.61             0.03           4 
     0.0426              0.74             0.24             0.00            0.0000              0.90             0.29           4 
     0.0013              0.34             0.01             0.00            0.0000              0.41             0.01           4 
     0.0000              0.41             0.00             0.00            0.0000              0.52             0.01           4 
     0.0000              0.35             0.01             0.00            0.0000              0.44             0.01           4 
     0.0000              0.44             0.00             0.00            0.0000              0.58             0.00           4 
     0.0000              0.44             0.00             0.00            0.0000              0.58             0.00           4 
     0.0000              0.32             0.00             0.00            0.0000              0.43             0.00           4 
     0.0000              0.13             0.03             0.00            0.0000              0.17             0.04           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1994 TO JUN 1994 MONTH=JUNE 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLACKBANDED DARTR          0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
BROWN BULLHEAD             0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
HYBRID BASS                0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1994 TO JUN 1994 MONTH=JUNE 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
RIVER CARPSUCKER           0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       23.250           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             555.50           5.07                    12915.40       117.80           205.91              1.778             145.20 
 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     1.5227            967.32             8.62            16.36            0.2519           1173.23            10.40 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1994 TO SEP 1994 MONTH=JULY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD          1128.16           4.62       22.890       25823.62       105.85           526.29              2.426              75.58 
YELLOW PERCH              96.22           1.04       22.890        2202.44        23.87            51.85              0.599               0.00 
BLUEGILL                  31.56           0.16       22.890         722.36         3.74            14.80              0.080               1.96 
WHITE PERCH                7.84           0.19       22.890         179.52         4.45             0.99              0.043               5.86 
BLACK CRAPPIE              6.73           0.11       22.890         154.09         2.50             0.92              0.017               4.89 
BLUEBACK HERRING           5.64           0.17       22.890         129.15         3.80             1.51              0.047               2.62 
WHITE CATFISH              2.24           0.12       22.890          51.32         2.86             0.71              0.040               0.82 
GIZZARD SHAD               2.10           0.68       22.890          48.12        15.48             0.74              0.224               0.61 
BROWN BULLHEAD             1.76           0.09       22.890          40.30         2.01             0.81              0.041               0.14 
WARMOUTH                   0.90           0.03       22.890          20.51         0.64             0.52              0.017               0.00 
LARGEMOUTH BASS            0.75           0.00       22.890          17.08         0.05             0.61              0.002               0.00 
SPOTTAIL SHINER            0.64           0.01       22.890          14.64         0.12             0.13              0.001               0.38 
CHANNEL CATFISH            0.48           0.01       22.890          10.94         0.30             0.28              0.008               0.00 
GOLDEN SHINER              0.21           0.01       22.890           4.91         0.14             0.14              0.006               0.00 
FLATHEAD CATFISH           0.17           0.00       22.890           3.80         0.03             0.10              0.001               0.00 
CHAIN PICKEREL             0.16           0.00       22.890           3.58         0.02             0.16              0.001               0.00 
YELLOW BULLHEAD            0.14           0.00       22.890           3.15         0.10             0.14              0.004               0.00 
HYBRID BASS                0.12           0.12       22.890           2.78         2.83             0.12              0.124               0.00 
TESSELATED DARTR           0.11           0.00       22.890           2.50         0.02             0.11              0.001               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000           2180.74             9.48             0.00            0.0000           2707.03            11.90           4 
     0.0000            199.93             2.24             0.00            0.0000            251.78             2.84           4 
     0.0034             61.15             0.32             0.00            0.0000             75.95             0.40           4 
     0.1086              9.82             0.28             4.87            0.0658             10.81             0.32           4 
     0.0741              8.58             0.14             3.96            0.0567              9.50             0.16           4 
     0.0711              8.66             0.26             1.11            0.0237             10.17             0.31           4 
     0.0455              3.66             0.20             0.11            0.0058              4.37             0.24           4 
     0.2280              3.59             1.12             0.00            0.0038              4.33             1.35           4 
     0.0056              3.38             0.17             0.00            0.0000              4.19             0.21           4 
     0.0000              1.93             0.06             0.00            0.0000              2.45             0.08           4 
     0.0000              1.96             0.01             0.00            0.0000              2.57             0.01           4 
     0.0029              0.90             0.01             0.25            0.0018              1.03             0.01           4 
     0.0000              1.04             0.03             0.00            0.0000              1.32             0.04           4 
     0.0000              0.49             0.02             0.00            0.0000              0.62             0.02           4 
     0.0000              0.36             0.00             0.00            0.0000              0.46             0.00           4 
     0.0000              0.47             0.00             0.00            0.0000              0.63             0.00           4 
     0.0000              0.41             0.01             0.00            0.0000              0.55             0.02           4 
     0.0000              0.36             0.37             0.00            0.0000              0.49             0.49           4 
     0.0000              0.33             0.00             0.00            0.0000              0.44             0.00           4 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1994 TO SEP 1994 MONTH=JULY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
TADPOLE MADTOM             0.07           0.00       22.890           1.58         0.02             0.07              0.001               0.00 
STRIPED BASS               0.06           0.01       22.890           1.32         0.24             0.06              0.010               0.00 
AMERICAN EEL               0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.21             0.00             0.00            0.0000              0.28             0.00           4 
     0.0000              0.17             0.03             0.00            0.0000              0.23             0.04           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1994 TO SEP 1994 MONTH=JULY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
RIVER CARPSUCKER           0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       22.890           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM            1286.05           7.39                    29437.72       169.05           601.05              3.693              92.88 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           4 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.5393           2488.16            14.77            10.31            0.1576           3089.21            18.46 







 
  -168 


Table 1-24.   (Continued). 
 
QUARTER=JUL 1994 TO SEP 1994 MONTH=AUGUST 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD           147.60           0.64       30.750        4538.72        19.61            52.76              0.209              42.09 
YELLOW PERCH              52.71           1.02       30.750        1620.96        31.40            12.11              0.349              28.48 
BLUEGILL                  21.90           0.26       30.750         673.51         8.10            11.89              0.154               0.00 
BLUEBACK HERRING          21.71           0.32       30.750         667.56         9.97             8.62              0.094               4.46 
BLACK CRAPPIE             13.48           0.37       30.750         414.50        11.36             8.16              0.240               0.00 
GIZZARD SHAD              12.35           0.66       30.750         379.91        20.26             6.87              0.176               0.00 
WHITE PERCH               10.98           0.79       30.750         337.79        24.36             5.39              0.485               0.21 
WHITE CATFISH              7.24           0.36       30.750         222.77        11.16             1.97              0.107               3.30 
CHANNEL CATFISH            5.21           0.12       30.750         160.13         3.66             1.86              0.058               1.48 
BROWN BULLHEAD             1.48           0.14       30.750          45.54         4.20             0.37              0.054               0.74 
WARMOUTH                   1.11           0.04       30.750          34.07         1.27             0.71              0.028               0.00 
HYBRID BASS                0.91           0.59       30.750          27.97        18.05             0.57              0.369               0.00 
LARGEMOUTH BASS            0.87           0.00       30.750          26.65         0.07             0.52              0.001               0.00 
SPOTTAIL SHINER            0.79           0.00       30.750          24.17         0.07             0.51              0.002               0.00 
STRIPED BASS               0.59           0.30       30.750          18.08         9.10             0.44              0.211               0.00 
WHITE CRAPPIE              0.50           0.01       30.750          15.23         0.32             0.39              0.008               0.00 
BLUEHEAD CHUB              0.47           0.00       30.750          14.35         0.00             0.47              0.000               0.00 
GOLDEN SHINER              0.29           0.00       30.750           8.89         0.09             0.24              0.002               0.00 
COASTAL SHINER             0.25           0.00       30.750           7.69         0.01             0.25              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.2196            253.11             1.06             0.00            0.0107            305.87             1.26           7 
     0.3227             76.94             1.72            16.37            0.0000             89.06             2.07           7 
     0.0000             45.68             0.57             0.00            0.0000             57.58             0.73           7 
     0.1365             38.96             0.51             0.00            0.0426             47.58             0.61           7 
     0.0000             29.79             0.85             0.00            0.0000             37.95             1.09           7 
     0.3072             26.10             1.01             0.00            0.1314             32.97             1.19           7 
     0.0000             21.76             1.76             0.00            0.0000             27.14             2.25           7 
     0.1484             11.19             0.58             1.33            0.0411             13.16             0.68           7 
     0.0039              8.93             0.23             0.00            0.0000             10.80             0.29           7 
     0.0281              2.22             0.24             0.37            0.0000              2.59             0.30           7 
     0.0000              2.53             0.10             0.00            0.0000              3.24             0.12           7 
     0.0000              2.04             1.32             0.00            0.0000              2.61             1.69           7 
     0.0000              1.91             0.01             0.00            0.0000              2.43             0.01           7 
     0.0000              1.80             0.01             0.00            0.0000              2.31             0.01           7 
     0.0000              1.47             0.72             0.00            0.0000              1.91             0.93           7 
     0.0000              1.28             0.03             0.00            0.0000              1.67             0.03           7 
     0.0000              1.40             0.00             0.00            0.0000              1.87             0.00           7 
     0.0000              0.78             0.01             0.00            0.0000              1.02             0.01           7 
     0.0000              0.75             0.00             0.00            0.0000              1.00             0.00           7 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1994 TO SEP 1994 MONTH=AUGUST 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
YELLOW BULLHEAD            0.15           0.00       30.750           4.50         0.13             0.15              0.004               0.00 
RAINBOW TROUT              0.11           0.08       30.750           3.40         2.35             0.06              0.038               0.00 
AMERICAN EEL               0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
BLUE CATFISH               0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
FLIER                      0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
PUMPKINSEED                0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.44             0.01             0.00            0.0000              0.59             0.02           7 
     0.0000              0.22             0.15             0.00            0.0000              0.28             0.19           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1994 TO SEP 1994 MONTH=AUGUST 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
REDBREAST                  0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
REDBREAST SUNFISH          0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
STRIPED KILLIFISH          0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       30.750           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             300.70           5.71                     9246.39       175.55           114.30              2.589              80.78 
 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           7 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     1.1664            529.30            10.89            18.07            0.2258            643.60            13.48 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1995 TO MAR 1995 MONTH=MARCH 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLUEBACK HERRING        2585.38          20.47       18.100       46795.38       370.50          2496.52             19.324               0.00 
THREADFIN SHAD          2290.84           9.12       18.100       41464.16       165.04          1383.76              7.399               0.00 
YELLOW PERCH             295.39           5.00       18.100        5346.51        90.58           102.58              2.642              90.23 
SPOTTAIL SHINER           36.75           0.36       18.100         665.16         6.54             8.18              0.066              20.38 
WHITE PERCH               32.24           2.56       18.100         583.61        46.42            13.51              1.024               5.22 
HYBRID BASS               10.09           7.10       18.100         182.71       128.48             3.41              2.669               3.27 
BLACK CRAPPIE              3.05           0.16       18.100          55.17         2.93             3.05              0.162               0.00 
CHANNEL CATFISH            2.49           0.44       18.100          45.02         8.04             1.33              0.222               0.00 
BLUEGILL                   2.36           0.04       18.100          42.79         0.79             0.90              0.019               0.56 
GIZZARD SHAD               2.08           0.62       18.100          37.56        11.15             0.72              0.204               0.64 
WHITE CATFISH              2.05           0.06       18.100          37.14         1.04             1.40              0.035               0.00 
GOLDEN SHINER              1.85           0.00       18.100          33.45         0.05             1.72              0.002               0.00 
STRIPED BASS               1.82           0.30       18.100          32.87         5.38             0.79              0.119               0.23 
BROWN BULLHEAD             0.73           0.06       18.100          13.30         1.01             0.42              0.032               0.00 
WHITE CRAPPIE              0.63           0.04       18.100          11.34         0.67             0.38              0.023               0.00 
WHITE BASS                 0.41           0.05       18.100           7.40         0.98             0.28              0.054               0.00 
BLACK BULLHEAD             0.21           0.00       18.100           3.85         0.02             0.21              0.001               0.00 
WARMOUTH                   0.21           0.01       18.100           3.81         0.09             0.15              0.004               0.00 
TESSELATED DARTR           0.08           0.00       18.100           1.52         0.01             0.08              0.001               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000           7578.41            59.12             0.00            0.0000          10074.93            78.44           5 
     0.0000           5058.35            23.92             0.00            0.0000           6442.11            31.32           5 
     0.0000            500.55            10.29             0.00            0.0000            603.13            12.93           5 
     0.2296             53.12             0.49            12.20            0.1639             61.30             0.56           5 
     0.5168             59.27             4.61             0.00            0.0000             72.78             5.64           5 
     1.7603             16.92            12.44             0.00            0.0000             20.34            15.11           5 
     0.0000              9.15             0.49             0.00            0.0000             12.19             0.65           5 
     0.0000              5.15             0.89             0.00            0.0000              6.48             1.11           5 
     0.0060              4.17             0.08             0.00            0.0000              5.07             0.10           5 
     0.2085              3.51             1.02             0.00            0.0046              4.23             1.23           5 
     0.0000              4.86             0.13             0.00            0.0000              6.26             0.16           5 
     0.0000              5.28             0.01             0.00            0.0000              6.99             0.01           5 
     0.0589              3.40             0.54             0.00            0.0000              4.19             0.66           5 
     0.0000              1.57             0.12             0.00            0.0000              1.99             0.15           5 
     0.0000              1.39             0.08             0.00            0.0000              1.78             0.11           5 
     0.0000              0.97             0.16             0.00            0.0000              1.25             0.22           5 
     0.0000              0.64             0.00             0.00            0.0000              0.85             0.00           5 
     0.0000              0.50             0.01             0.00            0.0000              0.65             0.02           5 
     0.0000              0.25             0.00             0.00            0.0000              0.34             0.00           5 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1995 TO MAR 1995 MONTH=MARCH 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
RIVER CARPSUCKER           0.08           0.10       18.100           1.39         1.73             0.08              0.096               0.00 
AMERICAN EEL               0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
BLUE CATFISH               0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
FLIER                      0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.23             0.29             0.00            0.0000              0.31             0.38           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1995 TO MAR 1995 MONTH=MARCH 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
PUMPKINSEED                0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
REDBREAST SUNFISH          0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
STRIPED KILLIFISH          0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       18.100           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM            5268.74          46.49                    95364.14       841.46          4019.48             34.096             120.52 
 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     2.7800          13307.69           114.68            12.20            0.1684          17327.17           148.78 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1995 TO JUN 1995 MONTH=APRIL 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLUEBACK HERRING        3239.50          26.17       37.000      119861.39       968.45          2292.55             19.102               0.00 
THREADFIN SHAD           225.10           0.70       37.000        8328.67        25.81            95.23              0.230              34.64 
YELLOW PERCH              86.11           1.23       37.000        3185.89        45.49            26.99              0.421              32.12 
WHITE PERCH               47.84           2.80       37.000        1770.12       103.74            16.10              0.758              15.65 
WHITE CRAPPIE             25.43           1.40       37.000         940.91        51.92            11.89              0.636               1.64 
BLUEGILL                  14.17           0.11       37.000         524.20         4.03             3.36              0.027               7.44 
SPOTTAIL SHINER            9.24           0.10       37.000         342.01         3.86             3.26              0.038               2.71 
BLACK CRAPPIE              5.34           0.13       37.000         197.46         4.85             2.69              0.063               0.00 
GIZZARD SHAD               3.68           0.85       37.000         136.33        31.40             1.37              0.328               0.94 
WHITE CATFISH              2.91           0.16       37.000         107.63         6.05             0.94              0.073               1.03 
CHANNEL CATFISH            2.23           0.16       37.000          82.43         5.81             0.40              0.046               1.42 
HYBRID BASS                1.97           2.20       37.000          72.71        81.58             0.68              0.798               0.61 
GOLDEN SHINER              1.55           0.00       37.000          57.32         0.16             0.88              0.003               0.00 
WHITE BASS                 0.58           0.07       37.000          21.55         2.63             0.28              0.034               0.03 
GREEN SUNFISH              0.54           0.01       37.000          20.16         0.25             0.30              0.004               0.00 
WARMOUTH                   0.50           0.02       37.000          18.48         0.71             0.24              0.011               0.02 
STRIPED BASS               0.45           0.22       37.000          16.78         8.23             0.18              0.157               0.09 
BROWN BULLHEAD             0.14           0.04       37.000           5.04         1.30             0.09              0.035               0.00 
SILVER REDHORSE            0.11           0.19       37.000           4.19         7.06             0.08              0.148               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000           7824.60            64.38             0.00            0.0000          10117.15            83.48          14 
     0.2365            415.56             1.16             0.00            0.0060            510.79             1.39          14 
     0.3864            140.09             2.07             5.13            0.0000            167.08             2.49          14 
     1.2875             80.04             4.32             0.00            0.5293             96.13             5.08          14 
     0.1309             49.22             2.68             0.00            0.0000             61.11             3.31          14 
     0.0552             20.89             0.16             4.08            0.0283             24.25             0.19          14 
     0.0284             15.77             0.18             0.00            0.0000             19.04             0.22          14 
     0.0055             10.71             0.26             0.00            0.0000             13.39             0.32          14 
     0.1922              6.43             1.51             0.00            0.0000              7.80             1.83          14 
     0.0184              4.79             0.31             0.09            0.0000              5.72             0.38          14 
     0.0651              3.03             0.25             1.02            0.0192              3.43             0.29          14 
     0.6082              3.32             3.80             0.00            0.0000              4.00             4.60          14 
     0.0000              3.31             0.01             0.00            0.0000              4.19             0.01          14 
     0.0030              1.14             0.14             0.00            0.0000              1.41             0.17          14 
     0.0000              1.15             0.01             0.00            0.0000              1.45             0.02          14 
     0.0000              0.98             0.04             0.00            0.0000              1.21             0.05          14 
     0.0000              0.82             0.54             0.00            0.0000              1.00             0.69          14 
     0.0000              0.32             0.11             0.00            0.0000              0.42             0.14          14 
     0.0000              0.27             0.49             0.00            0.0000              0.35             0.63          14 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1995 TO JUN 1995 MONTH=APRIL 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
CARP                       0.10           0.59       37.000           3.70        21.89             0.09              0.541               0.00 
LONGNOSE GAR               0.01           0.02       37.000           0.42         0.62             0.01              0.017               0.00 
AMERICAN EEL               0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
BLUE CATFISH               0.00           0.00       37.000           0.00         0.00              .                 .                  0.00 
BLUEHEAD CHUB              0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
FLIER                      0.00           0.00       37.000           0.00         0.00              .                 .                  0.00 
LARGEMOUTH BASS            0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
PUMPKINSEED                0.00           0.00       37.000           0.00         0.00              .                 .                  0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.28             1.67             0.00            0.0000              0.36             2.21          14 
     0.0000              0.03             0.05             0.00            0.0000              0.05             0.07          14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000               .                .               0.00            0.0000               .                .            14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000               .                .               0.00            0.0000               .                .            14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000               .                .               0.00            0.0000               .                .            14 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1995 TO JUN 1995 MONTH=APRIL 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
RAINBOW TROUT              0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
REDBREAST SUNFISH          0.00           0.00       37.000           0.00         0.00              .                 .                  0.00 
REDEAR                     0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
STRIPED KILLIFISH          0.00           0.00       37.000           0.00         0.00              .                 .                  0.00 
TADPOLE MADTOM             0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       37.000           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM            3667.50          37.19                   135697.39      1375.85          2457.62             23.470              98.35 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000               .                .               0.00            0.0000               .                .            14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000               .                .               0.00            0.0000               .                .            14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          14 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     3.0174           8582.74            84.13            10.33            0.5828          11040.36           107.60 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1995 TO JUN 1995 MONTH=MAY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLUEBACK HERRING         156.86           1.45       23.000        3607.67        33.32            26.70              0.254             103.46 
WHITE PERCH               63.95           3.92       23.000        1470.96        90.20            15.49              1.096              32.98 
YELLOW PERCH              61.06           0.89       23.000        1404.39        20.42             6.87              0.087              47.32 
BLACK CRAPPIE             52.84           0.88       23.000        1215.41        20.33            11.47              0.204              29.91 
SPOTTAIL SHINER           41.50           0.45       23.000         954.52        10.25            17.80              0.185               5.89 
THREADFIN SHAD            37.56           0.23       23.000         863.85         5.37            17.60              0.107               2.36 
WHITE CRAPPIE              8.71           0.34       23.000         200.36         7.74             3.13              0.094               2.46 
WHITE CATFISH              1.64           0.03       23.000          37.64         0.79             0.33              0.015               0.97 
STRIPED BASS               1.05           0.05       23.000          24.21         1.06             0.47              0.020               0.11 
WARMOUTH                   0.69           0.02       23.000          15.93         0.56             0.33              0.013               0.04 
BLUEGILL                   0.37           0.01       23.000           8.42         0.13             0.26              0.004               0.00 
BROWN BULLHEAD             0.25           0.01       23.000           5.65         0.31             0.18              0.011               0.00 
SILVER REDHORSE            0.21           0.00       23.000           4.79         0.05             0.21              0.002               0.00 
HYBRID BASS                0.09           0.09       23.000           2.02         2.05             0.09              0.089               0.00 
LONGNOSE GAR               0.09           0.14       23.000           2.02         3.27             0.09              0.142               0.00 
BLACK BULLHEAD             0.00           0.00       23.000           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       23.000           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       23.000           0.00         0.00             0.00              0.000               0.00 
CHANNEL CATFISH            0.00           0.00       23.000           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.9401            210.25             1.96            76.76            0.6859            236.95             2.21          13 
     1.7300             94.93             6.11            17.49            0.6342            110.42             7.21          13 
     0.7138             74.80             1.06            40.44            0.6267             81.68             1.15          13 
     0.4753             75.78             1.29            18.44            0.2710             87.25             1.50          13 
     0.0758             77.11             0.82             0.00            0.0000             94.91             1.00          13 
     0.0190             72.76             0.45             0.00            0.0000             90.36             0.56          13 
     0.1483             14.96             0.52             0.00            0.0542             18.09             0.62          13 
     0.0043              2.30             0.06             0.64            0.0000              2.63             0.08          13 
     0.0059              2.00             0.09             0.00            0.0000              2.47             0.11          13 
     0.0000              1.35             0.05             0.00            0.0000              1.67             0.06          13 
     0.0000              0.89             0.01             0.00            0.0000              1.16             0.02          13 
     0.0000              0.60             0.03             0.00            0.0000              0.78             0.05          13 
     0.0000              0.63             0.01             0.00            0.0000              0.83             0.01          13 
     0.0000              0.26             0.27             0.00            0.0000              0.35             0.36          13 
     0.0000              0.26             0.43             0.00            0.0000              0.35             0.57          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1995 TO JUN 1995 MONTH=MAY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
FLATHEAD CATFISH           0.00           0.00       23.000           0.00         0.00             0.00              0.000               0.00 
GIZZARD SHAD               0.00           0.00       23.000           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00       23.000           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       23.000           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00       23.000           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       23.000           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       23.000           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       23.000           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       23.000           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       23.000           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       23.000           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             426.86           8.52                     9817.85       195.85           101.02              2.323             225.48 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     4.1127            628.90            13.16           153.76            2.2720            729.92            15.49 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1995 TO JUN 1995 MONTH=JUNE 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLACK CRAPPIE            272.13           3.84       18.410        5009.82        70.67           184.90              2.675               0.00 
BLUEBACK HERRING         103.52           1.02       18.410        1905.88        18.74            34.07              0.342              35.38 
YELLOW PERCH              78.14           0.86       18.410        1438.59        15.77            24.76              0.263              28.63 
WHITE CRAPPIE             13.21           0.39       18.410         243.18         7.19            10.57              0.301               0.00 
THREADFIN SHAD            10.08           0.07       18.410         185.66         1.25             6.41              0.044               0.00 
BLUEGILL                   5.74           0.05       18.410         105.74         0.98             3.58              0.031               0.00 
WHITE PERCH                2.65           0.12       18.410          48.71         2.28             1.11              0.052               0.43 
SPOTTAIL SHINER            2.57           0.03       18.410          47.25         0.59             1.75              0.021               0.00 
WHITE CATFISH              2.03           0.02       18.410          37.31         0.32             0.46              0.006               1.11 
CHANNEL CATFISH            0.87           0.05       18.410          16.00         0.94             0.70              0.044               0.00 
COOSA BASS                 0.80           0.01       18.410          14.78         0.15             0.70              0.008               0.00 
STRIPED BASS               0.41           0.13       18.410           7.47         2.36             0.38              0.118               0.00 
WARMOUTH                   0.34           0.01       18.410           6.21         0.13             0.21              0.004               0.00 
BROWN BULLHEAD             0.26           0.03       18.410           4.81         0.57             0.14              0.026               0.00 
WHITE BASS                 0.15           0.08       18.410           2.68         1.55             0.10              0.059               0.00 
BLACK BULLHEAD             0.12           0.01       18.410           2.18         0.10             0.12              0.006               0.00 
NORTHERN HOGSUCKR          0.09           0.00       18.410           1.60         0.00             0.09              0.000               0.00 
TESSELATED DARTR           0.08           0.00       18.410           1.52         0.01             0.08              0.001               0.00 
GIZZARD SHAD               0.06           0.02       18.410           1.15         0.40             0.04              0.015               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000            641.92             9.19             0.00            0.0000            826.81            11.86          12 
     0.3332            171.67             1.70             1.30            0.0000            205.75             2.05          12 
     0.3295            127.65             1.38             3.88            0.0661            152.41             1.65          12 
     0.0000             34.34             0.99             0.00            0.0000             44.91             1.29          12 
     0.0000             22.90             0.16             0.00            0.0000             29.31             0.20          12 
     0.0000             12.90             0.12             0.00            0.0000             16.49             0.15          12 
     0.0209              4.86             0.23             0.00            0.0000              5.97             0.28          12 
     0.0000              6.06             0.07             0.00            0.0000              7.80             0.09          12 
     0.0048              2.94             0.03             0.66            0.0000              3.40             0.04          12 
     0.0000              2.27             0.14             0.00            0.0000              2.98             0.18          12 
     0.0000              2.19             0.02             0.00            0.0000              2.89             0.03          12 
     0.0000              1.16             0.36             0.00            0.0000              1.54             0.48          12 
     0.0000              0.75             0.02             0.00            0.0000              0.96             0.02          12 
     0.0000              0.54             0.08             0.00            0.0000              0.68             0.11          12 
     0.0000              0.35             0.20             0.00            0.0000              0.46             0.26          12 
     0.0000              0.35             0.02             0.00            0.0000              0.47             0.02          12 
     0.0000              0.26             0.00             0.00            0.0000              0.35             0.00          12 
     0.0000              0.25             0.00             0.00            0.0000              0.33             0.00          12 
     0.0000              0.15             0.05             0.00            0.0000              0.19             0.07          12 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1995 TO JUN 1995 MONTH=JUNE 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
AMERICAN EEL               0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
BLUE CATFISH               0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
FLIER                      0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
HYBRID BASS                0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
PUMPKINSEED                0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1995 TO JUN 1995 MONTH=JUNE 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
RAINBOW TROUT              0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
REDBREAST SUNFISH          0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
STRIPED KILLIFISH          0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       18.410           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             493.24           6.74                     9080.54       124.02           270.15              4.016              65.55 
 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          12 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.6883           1033.54            14.77             5.84            0.0661           1303.69            18.78 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1995 TO SEP 1995 MONTH=JULY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLUEBACK HERRING        1075.28           9.51       27.890       29989.47       265.19           449.75              3.935             175.77 
THREADFIN SHAD           203.25           0.65       27.890        5668.71        18.04           141.70              0.485               0.00 
BLACK CRAPPIE            107.62           1.29       27.890        3001.41        35.94            65.01              0.708               0.00 
YELLOW PERCH              47.42           0.57       27.890        1322.60        15.99            17.84              0.206              11.74 
BLUEGILL                  14.13           0.18       27.890         394.05         5.04             4.48              0.069               5.17 
WHITE CRAPPIE              3.41           0.14       27.890          95.19         3.84             2.56              0.085               0.00 
SPOTTAIL SHINER            2.48           0.03       27.890          69.17         0.90             2.18              0.025               0.00 
WHITE PERCH                2.21           0.15       27.890          61.74         4.07             0.73              0.062               0.76 
CHANNEL CATFISH            1.28           0.01       27.890          35.61         0.20             0.38              0.004               0.52 
WHITE CATFISH              1.18           0.03       27.890          33.05         0.81             0.25              0.016               0.68 
GREEN SUNFISH              0.78           0.01       27.890          21.76         0.14             0.78              0.005               0.00 
SPOTTED BASS               0.58           0.00       27.890          16.16         0.02             0.33              0.000               0.00 
GIZZARD SHAD               0.55           0.01       27.890          15.26         0.39             0.35              0.010               0.00 
CARP                       0.34           0.50       27.890           9.42        13.95             0.34              0.500               0.00 
TESSELATED DARTR           0.25           0.00       27.890           7.00         0.07             0.19              0.002               0.00 
BROWN BULLHEAD             0.19           0.01       27.890           5.36         0.17             0.15              0.006               0.00 
WARMOUTH                   0.10           0.00       27.890           2.86         0.02             0.10              0.001               0.00 
HYBRID BASS                0.10           0.06       27.890           2.71         1.76             0.07              0.048               0.00 
FLATHEAD CATFISH           0.08           0.01       27.890           2.32         0.16             0.06              0.005               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     1.6384           1974.78            17.38             0.00            0.0000           2424.53            21.31          15 
     0.0000            486.65             1.62             0.00            0.0000            628.35             2.10          15 
     0.0000            237.65             2.70             0.00            0.0000            302.66             3.41          15 
     0.1619             83.10             0.98             0.00            0.0000            100.95             1.19          15 
     0.0436             23.09             0.32             0.69            0.0000             27.57             0.39          15 
     0.0000              8.52             0.31             0.00            0.0000             11.08             0.39          15 
     0.0000              6.83             0.08             0.00            0.0000              9.01             0.11          15 
     0.0215              3.67             0.27             0.04            0.0000              4.39             0.33          15 
     0.0000              2.03             0.01             0.14            0.0000              2.41             0.02          15 
     0.0000              1.69             0.06             0.42            0.0000              1.95             0.08          15 
     0.0000              2.34             0.02             0.00            0.0000              3.12             0.02          15 
     0.0000              1.24             0.00             0.00            0.0000              1.57             0.00          15 
     0.0000              1.24             0.03             0.00            0.0000              1.59             0.04          15 
     0.0000              1.01             1.50             0.00            0.0000              1.35             2.00          15 
     0.0000              0.63             0.01             0.00            0.0000              0.83             0.01          15 
     0.0000              0.49             0.02             0.00            0.0000              0.63             0.02          15 
     0.0000              0.31             0.00             0.00            0.0000              0.41             0.00          15 
     0.0000              0.24             0.16             0.00            0.0000              0.31             0.21          15 
     0.0000              0.20             0.02             0.00            0.0000              0.26             0.02          15 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1995 TO SEP 1995 MONTH=JULY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLUE CATFISH               0.06           0.00       27.890           1.80         0.00             0.06              0.000               0.00 
STRIPED BASS               0.03           0.01       27.890           0.83         0.33             0.03              0.012               0.00 
AMERICAN EEL               0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
FLIER                      0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
PUMPKINSEED                0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.19             0.00             0.00            0.0000              0.26             0.00          15 
     0.0000              0.09             0.04             0.00            0.0000              0.12             0.05          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1995 TO SEP 1995 MONTH=JULY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
RAINBOW TROUT              0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
REDBREAST SUNFISH          0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
STRIPED KILLIFISH          0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       27.890           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM            1461.33          13.16                    40756.47       367.02           687.34              6.183             194.64 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          15 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     1.8654           2836.01            25.52             1.29            0.0000           3523.34            31.71 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1995 TO SEP 1995 MONTH=AUGUST 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLUEBACK HERRING        5112.31          48.80       30.700      156947.81      1498.07          2554.03             23.787               4.25 
THREADFIN SHAD           199.98           0.45       30.700        6139.46        13.94            55.15              0.146              89.68 
BLACK CRAPPIE             10.82           0.17       30.700         332.31         5.36             4.16              0.066               2.50 
YELLOW PERCH               7.61           0.13       30.700         233.75         3.95             2.41              0.057               2.79 
WHITE PERCH                4.08           0.24       30.700         125.21         7.22             1.90              0.103               0.27 
BLUEGILL                   3.07           0.03       30.700          94.10         0.85             1.56              0.012               0.00 
YELLOW BULLHEAD            1.33           0.01       30.700          40.77         0.35             0.93              0.007               0.00 
CHANNEL CATFISH            1.02           0.01       30.700          31.17         0.20             0.30              0.004               0.42 
BROWN BULLHEAD             0.83           0.08       30.700          25.37         2.39             0.32              0.036               0.19 
WHITE CATFISH              0.77           0.02       30.700          23.54         0.67             0.27              0.011               0.23 
GIZZARD SHAD               0.59           0.24       30.700          18.14         7.51             0.20              0.080               0.20 
MARGINED MADTOM            0.21           0.00       30.700           6.31         0.00             0.21              0.000               0.00 
BLUE CATFISH               0.19           0.00       30.700           5.94         0.00             0.19              0.000               0.00 
SPOTTED BASS               0.18           0.00       30.700           5.43         0.01             0.18              0.000               0.00 
WHITEFIN SHINER            0.17           0.00       30.700           5.14         0.06             0.17              0.002               0.00 
WHITE CRAPPIE              0.16           0.00       30.700           4.83         0.11             0.16              0.004               0.00 
PUMPKINSEED                0.12           0.00       30.700           3.83         0.00             0.12              0.000               0.00 
HYBRID BASS                0.07           0.03       30.700           2.19         0.96             0.07              0.031               0.00 
STRIPED BASS               0.07           0.09       30.700           2.19         2.67             0.07              0.087               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     1.2240          10220.37            96.37             0.00            0.0000          12774.39           120.16          16 
     0.1627            310.29             0.75            34.53            0.0170            365.44             0.89          16 
     0.0416             19.15             0.31             0.00            0.0000             23.32             0.37          16 
     0.0151             12.44             0.24             0.38            0.0000             14.85             0.30          16 
     0.0292              7.89             0.44             0.00            0.0000              9.79             0.54          16 
     0.0046              6.18             0.05             0.00            0.0000              7.73             0.06          16 
     0.0000              3.18             0.03             0.00            0.0000              4.11             0.03          16 
     0.0000              1.61             0.01             0.12            0.0000              1.91             0.02          16 
     0.0061              1.46             0.15             0.00            0.0000              1.78             0.19          16 
     0.0000              1.30             0.04             0.00            0.0000              1.56             0.06          16 
     0.0846              0.99             0.40             0.00            0.0046              1.18             0.48          16 
     0.0000              0.62             0.00             0.00            0.0000              0.82             0.00          16 
     0.0000              0.58             0.00             0.00            0.0000              0.77             0.00          16 
     0.0000              0.53             0.00             0.00            0.0000              0.71             0.00          16 
     0.0000              0.50             0.01             0.00            0.0000              0.67             0.01          16 
     0.0000              0.47             0.01             0.00            0.0000              0.63             0.01          16 
     0.0000              0.37             0.00             0.00            0.0000              0.50             0.00          16 
     0.0000              0.21             0.09             0.00            0.0000              0.29             0.13          16 
     0.0000              0.21             0.26             0.00            0.0000              0.29             0.35          16 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1995 TO SEP 1995 MONTH=AUGUST 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLACK BULLHEAD             0.07           0.04       30.700           2.04         1.09             0.07              0.036               0.00 
CARP                       0.04           0.05       30.700           1.23         1.53             0.04              0.050               0.00 
WARMOUTH                   0.03           0.00       30.700           0.89         0.02             0.03              0.001               0.00 
AMERICAN EEL               0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
FLIER                      0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.20             0.11             0.00            0.0000              0.27             0.14          16 
     0.0000              0.12             0.15             0.00            0.0000              0.16             0.20          16 
     0.0000              0.09             0.00             0.00            0.0000              0.12             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1995 TO SEP 1995 MONTH=AUGUST 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
RAINBOW TROUT              0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
REDBREAST SUNFISH          0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
SPOTTAIL SHINER            0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
STRIPED KILLIFISH          0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       30.700           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM            5343.70          50.39                   164051.64      1546.96          2622.53             24.519             100.52 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     1.5678          10588.76            99.43            35.03            0.0217          13211.28           123.95 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1995 TO SEP 1995 MONTH=SEPTEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLUEBACK HERRING         237.16           4.26       28.920        6858.63       123.11           225.48              4.101               0.00 
THREADFIN SHAD            41.23           0.14       28.920        1192.52         4.02            15.84              0.061               9.56 
BLACK CRAPPIE              7.58           0.22       28.920         219.11         6.29             3.68              0.081               0.22 
WHITE CATFISH              5.80           0.22       28.920         167.70         6.37             1.42              0.058               2.96 
YELLOW PERCH               4.47           0.06       28.920         129.41         1.82             2.63              0.035               0.00 
WHITE PERCH                3.08           0.35       28.920          89.09        10.18             1.08              0.088               0.93 
BLUEGILL                   2.28           0.04       28.920          66.03         1.15             1.56              0.022               0.00 
CHANNEL CATFISH            0.96           0.03       28.920          27.78         0.92             0.43              0.013               0.10 
WHITE CRAPPIE              0.42           0.05       28.920          12.15         1.54             0.19              0.035               0.04 
GIZZARD SHAD               0.36           0.16       28.920          10.38         4.57             0.17              0.075               0.01 
BLACK BULLHEAD             0.29           0.02       28.920           8.28         0.51             0.15              0.014               0.00 
BROWN BULLHEAD             0.18           0.02       28.920           5.21         0.64             0.12              0.016               0.00 
REDBREAST SUNFISH          0.15           0.01       28.920           4.27         0.32             0.15              0.011               0.00 
SPOTTAIL SHINER            0.12           0.00       28.920           3.55         0.03             0.12              0.001               0.00 
FLATHEAD CATFISH           0.08           0.00       28.920           2.37         0.01             0.08              0.000               0.00 
LARGEMOUTH BASS            0.06           0.00       28.920           1.66         0.00             0.06              0.000               0.00 
TESSELATED DARTR           0.06           0.00       28.920           1.66         0.02             0.06              0.001               0.00 
WARMOUTH                   0.05           0.00       28.920           1.58         0.06             0.05              0.002               0.00 
GOLDEN SHINER              0.05           0.00       28.920           1.33         0.07             0.05              0.002               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000            688.11            12.46             0.00            0.0000            913.59            16.56          13 
     0.0168             72.91             0.26             0.00            0.0000             88.75             0.32          13 
     0.0546             14.93             0.38             0.00            0.0000             18.61             0.46          13 
     0.1036              8.64             0.34             1.54            0.0453             10.05             0.40          13 
     0.0000              9.73             0.13             0.00            0.0000             12.35             0.17          13 
     0.1750              5.24             0.53             0.00            0.0865              6.31             0.62          13 
     0.0000              5.40             0.08             0.00            0.0000              6.96             0.10          13 
     0.0054              1.82             0.06             0.00            0.0000              2.25             0.07          13 
     0.0000              0.80             0.12             0.00            0.0000              0.99             0.16          13 
     0.0083              0.71             0.31             0.00            0.0000              0.88             0.38          13 
     0.0000              0.60             0.05             0.00            0.0000              0.75             0.06          13 
     0.0000              0.43             0.05             0.00            0.0000              0.55             0.07          13 
     0.0000              0.44             0.03             0.00            0.0000              0.59             0.04          13 
     0.0000              0.37             0.00             0.00            0.0000              0.49             0.00          13 
     0.0000              0.25             0.00             0.00            0.0000              0.33             0.00          13 
     0.0000              0.17             0.00             0.00            0.0000              0.23             0.00          13 
     0.0000              0.17             0.00             0.00            0.0000              0.23             0.00          13 
     0.0000              0.16             0.01             0.00            0.0000              0.22             0.01          13 
     0.0000              0.14             0.01             0.00            0.0000              0.18             0.01          13 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1995 TO SEP 1995 MONTH=SEPTEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
WHITE BASS                 0.03           0.02       28.920           0.74         0.51             0.03              0.017               0.00 
AMERICAN EEL               0.00           0.00       28.920           0.00         0.00              .                 .                  0.00 
BLACKBANDED DARTR          0.00           0.00       28.920           0.00         0.00              .                 .                  0.00 
BLUE CATFISH               0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       28.920           0.00         0.00              .                 .                  0.00 
BROWN TROUT                0.00           0.00       28.920           0.00         0.00              .                 .                  0.00 
CARP                       0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       28.920           0.00         0.00              .                 .                  0.00 
FLIER                      0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
HYBRID BASS                0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       28.920           0.00         0.00              .                 .                  0.00 
MARGINED MADTOM            0.00           0.00       28.920           0.00         0.00              .                 .                  0.00 
NORTHERN HOGSUCKR          0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
PUMPKINSEED                0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.08             0.05             0.00            0.0000              0.10             0.07          13 
     0.0000               .                .               0.00            0.0000               .                .            13 
     0.0000               .                .               0.00            0.0000               .                .            13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000               .                .               0.00            0.0000               .                .            13 
     0.0000               .                .               0.00            0.0000               .                .            13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000               .                .               0.00            0.0000               .                .            13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000               .                .               0.00            0.0000               .                .            13 
     0.0000               .                .               0.00            0.0000               .                .            13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1995 TO SEP 1995 MONTH=SEPTEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
RAINBOW TROUT              0.00           0.00       28.920           0.00         0.00              .                 .                  0.00 
REDBREAST                  0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       28.920           0.00         0.00              .                 .                  0.00 
SILVER REDHORSE            0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
STRIPED BASS               0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
STRIPED KILLIFISH          0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       28.920           0.00         0.00              .                 .                  0.00 
WHITEFIN SHINER            0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       28.920           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             304.41           5.61                     8803.44       162.13           253.34              4.635              13.82 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000               .                .               0.00            0.0000               .                .            13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000               .                .               0.00            0.0000               .                .            13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000               .                .               0.00            0.0000               .                .            13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.3636            811.09            14.88             1.54            0.1318           1064.42            19.51 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1995 TO DEC 1995 MONTH=OCTOBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD           811.86           1.18       26.330       21376.16        30.94           143.69              0.206             524.47 
WHITE CATFISH              8.51           0.34       26.330         224.01         9.02             2.80              0.091               2.90 
BLUEBACK HERRING           8.35           0.13       26.330         219.85         3.44             2.56              0.046               3.22 
BLACK CRAPPIE              4.04           0.11       26.330         106.32         3.00             2.49              0.079               0.00 
BLUEGILL                   3.18           0.06       26.330          83.70         1.63             1.39              0.030               0.41 
CHANNEL CATFISH            1.76           0.18       26.330          46.46         4.64             0.67              0.073               0.42 
WHITE PERCH                1.65           0.27       26.330          43.37         7.03             0.37              0.068               0.91 
YELLOW PERCH               0.66           0.01       26.330          17.30         0.33             0.36              0.007               0.00 
GIZZARD SHAD               0.42           0.00       26.330          11.12         0.11             0.28              0.002               0.00 
WARMOUTH                   0.30           0.00       26.330           7.94         0.06             0.30              0.002               0.00 
BLACK BULLHEAD             0.28           0.06       26.330           7.28         1.52             0.19              0.055               0.00 
WHITE CRAPPIE              0.21           0.01       26.330           5.62         0.24             0.14              0.006               0.00 
FLATHEAD CATFISH           0.09           0.01       26.330           2.31         0.19             0.09              0.007               0.00 
BLUE CATFISH               0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
BROWN BULLHEAD             0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.7623           1099.24             1.59           380.77            0.5559           1242.94             1.79          13 
     0.1600             14.11             0.53             0.10            0.0686             16.91             0.62          13 
     0.0389             13.48             0.22             0.66            0.0000             16.04             0.27          13 
     0.0000              9.02             0.27             0.00            0.0000             11.51             0.35          13 
     0.0020              5.95             0.12             0.00            0.0000              7.33             0.15          13 
     0.0310              3.11             0.32             0.00            0.0000              3.78             0.39          13 
     0.1306              2.39             0.40             0.54            0.0623              2.75             0.47          13 
     0.0000              1.37             0.03             0.00            0.0000              1.73             0.03          13 
     0.0000              0.99             0.01             0.00            0.0000              1.27             0.01          13 
     0.0000              0.90             0.01             0.00            0.0000              1.21             0.01          13 
     0.0000              0.65             0.17             0.00            0.0000              0.84             0.22          13 
     0.0000              0.50             0.02             0.00            0.0000              0.65             0.03          13 
     0.0000              0.26             0.02             0.00            0.0000              0.35             0.03          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 







 
  -192 


Table 1-24.   (Continued). 
QUARTER=OCT 1995 TO DEC 1995 MONTH=OCTOBER 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
FLIER                      0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
HYBRID BASS                0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
PUMPKINSEED                0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
REDBREAST SUNFISH          0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
SPOTTAIL SHINER            0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
STRIPED BASS               0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
STRIPED KILLIFISH          0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       26.330           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             841.30           2.36                    22151.44        62.13           155.34              0.674             532.33 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          13 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     1.1248           1151.98             3.71           382.07            0.6869           1307.31             4.38 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1995 TO DEC 1995 MONTH=NOVEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD           891.25           1.36       19.500       17379.37        26.58           207.70              0.331             475.86 
WHITE CATFISH              5.89           0.18       19.500         114.85         3.58             1.39              0.041               3.10 
CHANNEL CATFISH            2.80           0.22       19.500          54.60         4.24             0.79              0.143               1.22 
BLUEBACK HERRING           2.20           0.03       19.500          42.93         0.60             0.74              0.011               0.72 
BLUEGILL                   1.90           0.02       19.500          37.07         0.39             0.71              0.008               0.49 
BLACK CRAPPIE              1.85           0.14       19.500          36.01         2.82             0.76              0.067               0.34 
WHITE PERCH                0.75           0.17       19.500          14.69         3.40             0.37              0.074               0.00 
GIZZARD SHAD               0.60           0.18       19.500          11.70         3.56             0.60              0.182               0.00 
YELLOW PERCH               0.33           0.01       19.500           6.51         0.15             0.24              0.007               0.00 
STRIPED BASS               0.24           0.02       19.500           4.68         0.46             0.24              0.023               0.00 
BROWN BULLHEAD             0.12           0.00       19.500           2.36         0.03             0.12              0.001               0.00 
SPOTTAIL SHINER            0.11           0.00       19.500           2.13         0.03             0.11              0.002               0.00 
HYBRID BASS                0.10           0.03       19.500           1.95         0.67             0.10              0.034               0.00 
BLACK BULLHEAD             0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
BLUE CATFISH               0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.7015           1306.64             2.02           268.16            0.3708           1514.34             2.36          10 
     0.1007              8.68             0.27             1.71            0.0592             10.07             0.31          10 
     0.0000              4.38             0.50             0.43            0.0000              5.17             0.65          10 
     0.0079              3.68             0.05             0.00            0.0000              4.42             0.07          10 
     0.0045              3.31             0.04             0.00            0.0000              4.02             0.04          10 
     0.0107              3.36             0.28             0.00            0.0000              4.11             0.34          10 
     0.0256              1.50             0.32             0.00            0.0000              1.88             0.40          10 
     0.0000              1.80             0.55             0.00            0.0000              2.40             0.73          10 
     0.0000              0.81             0.02             0.00            0.0000              1.05             0.03          10 
     0.0000              0.72             0.07             0.00            0.0000              0.96             0.09          10 
     0.0000              0.36             0.00             0.00            0.0000              0.48             0.01          10 
     0.0000              0.33             0.01             0.00            0.0000              0.44             0.01          10 
     0.0000              0.30             0.10             0.00            0.0000              0.40             0.14          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1995 TO DEC 1995 MONTH=NOVEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
CREEK CHUB                 0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
FLIER                      0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
PUMPKINSEED                0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
REDBREAST SUNFISH          0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
RIVER CHUB                 0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
STRIPED KILLIFISH          0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
WARMOUTH                   0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1995 TO DEC 1995 MONTH=NOVEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
WHITE CRAPPIE              0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       19.500           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             908.15           2.38                    17708.85        46.50           213.87              0.926             481.73 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          10 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.8509           1335.88             4.24           270.30            0.4300           1549.75             5.16 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1995 TO DEC 1995 MONTH=DECEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD          1262.53           1.75       10.250       12940.89        17.89           633.95              0.849               0.00 
BLUEBACK HERRING           6.15           0.14       10.250          63.01         1.43             3.05              0.079               0.05 
WHITE CATFISH              5.77           0.18       10.250          59.15         1.89             2.05              0.068               1.67 
SPOTTAIL SHINER            2.39           0.03       10.250          24.51         0.28             1.32              0.017               0.00 
YELLOW PERCH               2.11           0.03       10.250          21.58         0.28             1.46              0.018               0.00 
CHANNEL CATFISH            1.67           0.05       10.250          17.16         0.51             0.56              0.030               0.55 
STRIPED BASS               0.60           0.13       10.250           6.20         1.37             0.40              0.094               0.00 
BLACK BULLHEAD             0.46           0.03       10.250           4.67         0.36             0.46              0.035               0.00 
BLACK CRAPPIE              0.16           0.00       10.250           1.66         0.02             0.16              0.002               0.00 
WHITE BASS                 0.13           0.09       10.250           1.37         0.93             0.13              0.091               0.00 
BLUEGILL                   0.09           0.00       10.250           0.92         0.01             0.09              0.001               0.00 
LARGEMOUTH BASS            0.08           0.03       10.250           0.82         0.28             0.08              0.027               0.00 
WHITE PERCH                0.08           0.04       10.250           0.82         0.39             0.08              0.038               0.00 
AMERICAN EEL               0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
BROWN BULLHEAD             0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0482           2530.42             3.44             0.00            0.0000           3164.37             4.29           5 
     0.0000             12.25             0.30             0.00            0.0000             15.30             0.38           5 
     0.0493              9.87             0.32             0.00            0.0000             11.93             0.39           5 
     0.0000              5.03             0.06             0.00            0.0000              6.34             0.08           5 
     0.0000              5.02             0.06             0.00            0.0000              6.47             0.08           5 
     0.0000              2.80             0.11             0.00            0.0000              3.36             0.14           5 
     0.0000              1.41             0.32             0.00            0.0000              1.81             0.42           5 
     0.0000              1.37             0.10             0.00            0.0000              1.82             0.14           5 
     0.0000              0.48             0.01             0.00            0.0000              0.65             0.01           5 
     0.0000              0.40             0.27             0.00            0.0000              0.53             0.36           5 
     0.0000              0.27             0.00             0.00            0.0000              0.36             0.01           5 
     0.0000              0.24             0.08             0.00            0.0000              0.32             0.11           5 
     0.0000              0.24             0.11             0.00            0.0000              0.32             0.15           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1995 TO DEC 1995 MONTH=DECEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
CHAIN PICKEREL             0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
CREEK CHUB                 0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
GIZZARD SHAD               0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
HYBRID BASS                0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
RIVER CHUB                 0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1995 TO DEC 1995 MONTH=DECEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
SILVER REDHORSE            0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
WARMOUTH                   0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       10.250           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM            1282.22           2.50                    13142.74        25.65           643.79              1.349               2.26 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           5 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.0975           2569.79             5.20             0.00            0.0000           3213.57             6.55 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1996 TO MAR 1996 MONTH=JANUARY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD           748.62           1.13        6.500        4866.03         7.33           176.12              0.228             396.38 
BLUEBACK HERRING          28.69           0.43        6.500         186.50         2.80            10.03              0.129               8.63 
YELLOW PERCH               7.53           0.14        6.500          48.97         0.93             2.54              0.056               2.45 
BLACK CRAPPIE              2.18           0.16        6.500          14.20         1.03             1.57              0.130               0.00 
BLUEGILL                   2.02           0.03        6.500          13.12         0.21             2.02              0.032               0.00 
WHITE CATFISH              0.50           0.00        6.500           3.27         0.01             0.50              0.002               0.00 
GIZZARD SHAD               0.43           0.00        6.500           2.82         0.03             0.43              0.004               0.00 
STRIPED BASS               0.35           0.06        6.500           2.31         0.42             0.35              0.064               0.00 
BLACK BULLHEAD             0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
BLUE CATFISH               0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
BROWN BULLHEAD             0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00        6.500           0.00         0.00              .                 .                  0.00 
CHAIN PICKEREL             0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
CHANNEL CATFISH            0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
FLIER                      0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.6714           1100.86             1.58           220.26            0.4435           1276.97             1.81           3 
     0.1731             48.76             0.69             0.00            0.0442             58.79             0.82           3 
     0.0307             12.62             0.25             0.00            0.0000             15.16             0.31           3 
     0.0000              5.32             0.42             0.00            0.0000              6.89             0.55           3 
     0.0000              6.06             0.09             0.00            0.0000              8.07             0.13           3 
     0.0000              1.51             0.01             0.00            0.0000              2.01             0.01           3 
     0.0000              1.30             0.01             0.00            0.0000              1.73             0.02           3 
     0.0000              1.06             0.19             0.00            0.0000              1.42             0.26           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000               .                .               0.00            0.0000               .                .             3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1996 TO MAR 1996 MONTH=JANUARY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
GREEN SUNFISH              0.00           0.00        6.500           0.00         0.00              .                 .                  0.00 
HYBRID BASS                0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00        6.500           0.00         0.00              .                 .                  0.00 
PUMPKINSEED                0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
REDBREAST SUNFISH          0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00        6.500           0.00         0.00              .                 .                  0.00 
SILVER REDHORSE            0.00           0.00        6.500           0.00         0.00              .                 .                  0.00 
SPOTTAIL SHINER            0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
STRIPED KILLIFISH          0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
WARMOUTH                   0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
WHITE PERCH                0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00        6.500           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             790.34           1.96                     5137.21        12.75           193.57              0.645             407.46 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
     0.0000               .                .               0.00            0.0000               .                .             3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000               .                .               0.00            0.0000               .                .             3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000               .                .               0.00            0.0000               .                .             3 
     0.0000               .                .               0.00            0.0000               .                .             3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00           3 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.8752           1177.48             3.25           220.26            0.4877           1371.05             3.90 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1996 TO MAR 1996 MONTH=FEBRUARY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD         17808.24          35.35        2.750       48972.66        97.20              .                 .                  0.00 
BLACK CRAPPIE             40.92           1.86        2.750         112.54         5.12              .                 .                  0.00 
YELLOW PERCH              40.12           0.58        2.750         110.34         1.59              .                 .                  0.00 
BLUEBACK HERRING          23.11           0.35        2.750          63.56         0.96              .                 .                  0.00 
BLUEGILL                  15.03           0.40        2.750          41.32         1.09              .                 .                  0.00 
WHITE CATFISH              4.36           0.06        2.750          12.00         0.18              .                 .                  0.00 
SPOTTAIL SHINER            0.95           0.01        2.750           2.60         0.02              .                 .                  0.00 
CHANNEL CATFISH            0.89           0.00        2.750           2.46         0.01              .                 .                  0.00 
WHITE PERCH                0.87           0.19        2.750           2.40         0.52              .                 .                  0.00 
BLACK BULLHEAD             0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
BLUE CATFISH               0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
BROWN BULLHEAD             0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
CHAIN PICKEREL             0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
COASTAL SHINER             0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
COOSA BASS                 0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
FLATHEAD CATFISH           0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
FLIER                      0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
GIZZARD SHAD               0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
GOLDEN SHINER              0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1996 TO MAR 1996 MONTH=FEBRUARY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
HYBRID BASS                0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
LARGEMOUTH BASS            0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
LONGNOSE GAR               0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
PUMPKINSEED                0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
REDBREAST                  0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
REDBREAST SUNFISH          0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
SPOTTED BASS               0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
STRIPED BASS               0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
STRIPED KILLIFISH          0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
TESSELATED DARTR           0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
WARMOUTH                   0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
WHITE BASS                 0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
WHITE CRAPPIE              0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
WHITEFIN SHINER            0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
YELLOW BULLHEAD            0.00           0.00        2.750           0.00         0.00              .                 .                  0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM           17934.50          38.80                    49319.88       106.69             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1996 TO MAR 1996 MONTH=MARCH 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD          1751.66           3.45        4.480        7847.42        15.45              .                 .                  0.00 
YELLOW PERCH              47.92           0.68        4.480         214.67         3.04              .                 .                  0.00 
WHITE PERCH               42.41           2.87        4.480         190.00        12.84              .                 .                  0.00 
BLUEBACK HERRING          12.67           0.31        4.480          56.77         1.40              .                 .                  0.00 
BLUEGILL                   3.62           0.04        4.480          16.24         0.17              .                 .                  0.00 
CHANNEL CATFISH            2.64           0.27        4.480          11.83         1.21              .                 .                  0.00 
BLACK CRAPPIE              2.00           0.11        4.480           8.96         0.47              .                 .                  0.00 
SPOTTAIL SHINER            1.21           0.01        4.480           5.40         0.06              .                 .                  0.00 
GIZZARD SHAD               0.89           0.38        4.480           4.00         1.68              .                 .                  0.00 
WHITEFIN SHINER            0.80           0.01        4.480           3.57         0.03              .                 .                  0.00 
WHITE CATFISH              0.38           0.00        4.480           1.69         0.02              .                 .                  0.00 
AMERICAN EEL               0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
BLACK BULLHEAD             0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
BLACKBANDED DARTR          0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
BLUEHEAD CHUB              0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
BROWN BULLHEAD             0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
BROWN TROUT                0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
CARP                       0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
CHAIN PICKEREL             0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
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Table 1-24.   (Continued). 
 
QUARTER=JAN 1996 TO MAR 1996 MONTH=MARCH 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
COASTAL SHINER             0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
COOSA BASS                 0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
FLAT BULLHEAD              0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
FLATHEAD CATFISH           0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
GOLDEN SHINER              0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
GREEN SUNFISH              0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
HYBRID BASS                0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
LARGEMOUTH BASS            0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
LONGNOSE GAR               0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
MADTOM                     0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
MARGINED MADTOM            0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
NORTHERN HOGSUCKR          0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
RAINBOW TROUT              0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
REDBREAST                  0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
REDEAR                     0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
RIVER CARPSUCKER           0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
SILVER REDHORSE            0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
SPOTTED BASS               0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
STRIPED BASS               0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 







 
  -205 


Table 1-24.   (Continued). 
 
QUARTER=JAN 1996 TO MAR 1996 MONTH=MARCH 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
TADPOLE MADTOM             0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
TESSELATED DARTR           0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
WARMOUTH                   0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
WHITE BASS                 0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
WHITE CRAPPIE              0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
YELLOW BULLHEAD            0.00           0.00        4.480           0.00         0.00              .                 .                  0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM            1866.19           8.12                     8360.55        36.37             0.00              0.000               0.00 
 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
     0.0000               .                .               0.00            0.0000               .                .             1 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1996 TO JUN 1996 MONTH=APRIL 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD           400.44           1.00       66.420       26597.47        66.34           105.31              0.243             189.81 
WHITE PERCH              112.77           8.42       66.420        7490.51       558.94            19.34              1.461              74.10 
BLUEBACK HERRING          45.37           0.99       66.420        3013.76        65.44            14.76              0.346              15.85 
BLACK CRAPPIE             19.57           0.63       66.420        1299.69        41.61             3.33              0.098              12.90 
YELLOW PERCH              16.33           0.33       66.420        1084.39        21.60             4.66              0.084               7.00 
CHANNEL CATFISH           12.33           0.69       66.420         819.02        46.07             2.00              0.105               8.33 
SPOTTAIL SHINER           11.99           0.11       66.420         796.22         7.41             4.08              0.038               3.83 
STRIPED BASS               2.29           0.40       66.420         152.36        26.65             0.60              0.080               1.10 
BLUEGILL                   2.21           0.03       66.420         146.78         1.92             0.47              0.007               1.28 
HYBRID BASS                1.42           0.42       66.420          94.54        28.13             0.31              0.118               0.81 
GIZZARD SHAD               0.48           0.19       66.420          31.91        12.50             0.15              0.058               0.17 
GOLDEN SHINER              0.44           0.00       66.420          29.16         0.12             0.33              0.001               0.00 
WHITE CATFISH              0.43           0.01       66.420          28.53         0.78             0.15              0.006               0.14 
CREEK CHUB                 0.22           0.00       66.420          14.48         0.00             0.22              0.000               0.00 
WHITE CRAPPIE              0.22           0.02       66.420          14.45         1.29             0.11              0.009               0.00 
WARMOUTH                   0.15           0.01       66.420          10.08         0.51             0.08              0.004               0.00 
BROWN BULLHEAD             0.14           0.01       66.420           9.41         0.54             0.10              0.008               0.00 
GREEN SUNFISH              0.10           0.01       66.420           6.31         0.99             0.10              0.015               0.00 
BLACK BULLHEAD             0.03           0.00       66.420           2.01         0.15             0.03              0.002               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.5129            611.07             1.48            84.50            0.2699            716.39             1.73          18 
     5.4932            151.45            11.34            54.77            4.0321            170.78            12.80          18 
     0.2922             74.90             1.68             1.09            0.0000             89.66             2.02          18 
     0.4299             26.23             0.82             9.57            0.3317             29.57             0.92          18 
     0.1568             25.65             0.49             2.34            0.0726             30.31             0.58          18 
     0.4840             16.33             0.90             6.33            0.3791             18.33             1.01          18 
     0.0348             20.14             0.19             0.00            0.0000             24.22             0.23          18 
     0.2409              3.48             0.56             0.51            0.1608              4.08             0.64          18 
     0.0152              3.14             0.04             0.81            0.0083              3.61             0.05          18 
     0.1883              2.04             0.66             0.51            0.0707              2.34             0.78          18 
     0.0723              0.79             0.30             0.02            0.0143              0.94             0.36          18 
     0.0000              1.10             0.00             0.00            0.0000              1.43             0.01          18 
     0.0000              0.72             0.02             0.00            0.0000              0.86             0.03          18 
     0.0000              0.65             0.00             0.00            0.0000              0.87             0.00          18 
     0.0007              0.44             0.04             0.00            0.0000              0.55             0.05          18 
     0.0000              0.31             0.02             0.00            0.0000              0.39             0.02          18 
     0.0000              0.35             0.02             0.00            0.0000              0.45             0.03          18 
     0.0000              0.29             0.04             0.00            0.0000              0.38             0.06          18 
     0.0000              0.09             0.01             0.00            0.0000              0.12             0.01          18 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1996 TO JUN 1996 MONTH=APRIL 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
WHITE BASS                 0.02           0.02       66.420           1.28         1.05             0.02              0.016               0.00 
AMERICAN EEL               0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
BLUE CATFISH               0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
FLIER                      0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
PUMPKINSEED                0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.06             0.05             0.00            0.0000              0.08             0.06          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 







 
  -208 


Table 1-24.   (Continued). 
 
QUARTER=APR 1996 TO JUN 1996 MONTH=APRIL 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
RAINBOW TROUT              0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
REDBREAST SUNFISH          0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
RIVER CHUB                 0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
STRIPED KILLIFISH          0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       66.420           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             626.95          13.28                    41642.34       882.05           156.14              2.700             315.34 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          18 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     7.9212            939.23            18.68           160.44            5.3396           1095.36            21.38 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1996 TO JUN 1996 MONTH=MAY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
BLUEBACK HERRING         460.44          10.56       66.950       30826.63       706.79           279.22              6.700               0.00 
BLACK CRAPPIE             76.35           2.19       66.950        5111.47       146.93            37.09              1.054               2.18 
WHITE PERCH               60.61           3.81       66.950        4057.70       255.39            17.09              1.156              26.43 
THREADFIN SHAD            49.27           0.30       66.950        3298.85        20.31            22.45              0.134               4.37 
CHANNEL CATFISH           11.55           0.50       66.950         773.24        33.33             3.65              0.198               4.26 
BLUEGILL                   7.47           0.08       66.950         499.80         5.23             1.69              0.015               4.08 
YELLOW PERCH               7.04           0.13       66.950         471.36         8.86             2.63              0.043               1.78 
SPOTTAIL SHINER            4.31           0.05       66.950         288.88         3.03             1.03              0.011               2.26 
STRIPED BASS               1.11           0.12       66.950          74.29         8.05             0.24              0.025               0.62 
WHITE CRAPPIE              0.62           0.04       66.950          41.36         2.69             0.31              0.020               0.00 
HYBRID BASS                0.60           0.08       66.950          40.45         5.48             0.31              0.040               0.00 
WHITE CATFISH              0.49           0.02       66.950          33.14         1.43             0.22              0.013               0.05 
WARMOUTH                   0.30           0.02       66.950          20.13         1.13             0.11              0.009               0.08 
GREEN SUNFISH              0.22           0.00       66.950          14.46         0.08             0.22              0.001               0.00 
RIVER CHUB                 0.18           0.00       66.950          12.30         0.00             0.18              0.000               0.00 
STRIPED KILLIFISH          0.17           0.00       66.950          11.05         0.00             0.17              0.000               0.00 
BLACKBANDED DARTR          0.16           0.00       66.950          10.79         0.00             0.16              0.000               0.00 
GIZZARD SHAD               0.13           0.01       66.950           8.38         0.98             0.08              0.014               0.00 
REDEAR                     0.07           0.00       66.950           4.82         0.15             0.07              0.002               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000           1018.88            23.96             0.00            0.0000           1298.09            30.66          16 
     0.0867            150.52             4.30             0.00            0.0000            187.60             5.36          16 
     1.5035             94.79             6.13             9.34            0.3479            111.88             7.28          16 
     0.0359             94.18             0.57             0.00            0.0000            116.63             0.70          16 
     0.1028             18.84             0.89             0.61            0.0000             22.48             1.09          16 
     0.0482             10.85             0.11             2.38            0.0333             12.55             0.12          16 
     0.0467             12.30             0.22             0.00            0.0039             14.92             0.26          16 
     0.0239              6.37             0.07             1.23            0.0132              7.40             0.08          16 
     0.0707              1.59             0.17             0.38            0.0460              1.84             0.19          16 
     0.0000              1.23             0.08             0.00            0.0000              1.54             0.10          16 
     0.0014              1.23             0.16             0.00            0.0000              1.54             0.20          16 
     0.0000              0.94             0.05             0.00            0.0000              1.17             0.06          16 
     0.0000              0.52             0.04             0.00            0.0000              0.63             0.04          16 
     0.0000              0.65             0.00             0.00            0.0000              0.86             0.00          16 
     0.0000              0.55             0.00             0.00            0.0000              0.74             0.00          16 
     0.0000              0.50             0.00             0.00            0.0000              0.66             0.00          16 
     0.0000              0.48             0.00             0.00            0.0000              0.64             0.00          16 
     0.0000              0.29             0.04             0.00            0.0000              0.37             0.06          16 
     0.0000              0.22             0.01             0.00            0.0000              0.29             0.01          16 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1996 TO JUN 1996 MONTH=MAY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
REDBREAST                  0.07           0.00       66.950           4.68         0.16             0.05              0.002               0.00 
YELLOW BULLHEAD            0.05           0.01       66.950           3.54         0.40             0.05              0.006               0.00 
SILVER REDHORSE            0.03           0.04       66.950           2.05         2.54             0.03              0.038               0.00 
BLACK BULLHEAD             0.03           0.01       66.950           1.77         0.74             0.03              0.011               0.00 
AMERICAN EEL               0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
BLUE CATFISH               0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
BROWN BULLHEAD             0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
CREEK CHUB                 0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
FLIER                      0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
LARGEMOUTH BASS            0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.17             0.01             0.00            0.0000              0.21             0.01          16 
     0.0000              0.16             0.02             0.00            0.0000              0.21             0.02          16 
     0.0000              0.09             0.11             0.00            0.0000              0.12             0.15          16 
     0.0000              0.08             0.03             0.00            0.0000              0.11             0.04          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1996 TO JUN 1996 MONTH=MAY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
LONGNOSE GAR               0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
PUMPKINSEED                0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
REDBREAST SUNFISH          0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       66.950           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             681.27          17.98                    45611.11      1203.70           367.07              9.491              46.11 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     1.9198           1415.42            36.96            13.95            0.4443           1782.49            46.45 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1996 TO JUN 1996 MONTH=JUNE 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD           125.80           0.42       65.500        8240.20        27.28            43.36              0.156              39.09 
BLUEBACK HERRING          51.14           1.26       65.500        3349.68        82.78            17.26              0.477              16.62 
WHITE PERCH               16.26           0.85       65.500        1065.11        55.42             6.09              0.314               4.08 
BLACK CRAPPIE             15.16           0.41       65.500         993.09        26.75             3.48              0.098               8.19 
BLUEGILL                  11.30           0.11       65.500         740.42         7.26             3.88              0.033               3.54 
YELLOW PERCH               5.28           0.09       65.500         346.08         6.22             1.06              0.017               3.17 
SPOTTAIL SHINER            4.46           0.04       65.500         292.09         2.53             1.45              0.016               1.57 
LONGNOSE GAR               1.49           0.01       65.500          97.44         0.56             1.31              0.008               0.00 
CHANNEL CATFISH            1.45           0.06       65.500          94.88         4.19             0.30              0.015               0.86 
CHAIN PICKEREL             0.98           0.00       65.500          64.38         0.04             0.49              0.000               0.01 
WHITE CATFISH              0.51           0.03       65.500          33.64         2.08             0.14              0.022               0.22 
LARGEMOUTH BASS            0.43           0.01       65.500          27.97         0.48             0.24              0.007               0.00 
WARMOUTH                   0.37           0.01       65.500          24.45         0.48             0.15              0.003               0.08 
GOLDEN SHINER              0.37           0.00       65.500          24.07         0.03             0.37              0.000               0.00 
GIZZARD SHAD               0.36           0.12       65.500          23.63         8.14             0.21              0.069               0.00 
WHITEFIN SHINER            0.27           0.00       65.500          17.72         0.13             0.24              0.002               0.00 
TESSELATED DARTR           0.14           0.00       65.500           9.39         0.09             0.14              0.001               0.00 
NORTHERN HOGSUCKR          0.09           0.00       65.500           5.57         0.00             0.09              0.000               0.00 
REDEAR                     0.07           0.01       65.500           4.59         0.59             0.07              0.009               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.1047            212.52             0.73             0.00            0.0000            255.88             0.88          16 
     0.3097             85.66             2.22             0.00            0.0000            102.92             2.70          16 
     0.2174             28.44             1.47             0.00            0.0000             34.53             1.79          16 
     0.2130             22.13             0.60             4.71            0.1153             25.62             0.70          16 
     0.0445             19.06             0.18             0.00            0.0113             22.94             0.21          16 
     0.0601              7.40             0.13             2.11            0.0427              8.46             0.15          16 
     0.0076              7.35             0.07             0.12            0.0000              8.80             0.09          16 
     0.0000              4.10             0.02             0.00            0.0000              5.40             0.03          16 
     0.0334              2.04             0.09             0.56            0.0181              2.34             0.11          16 
     0.0001              1.96             0.00             0.00            0.0000              2.44             0.00          16 
     0.0000              0.80             0.07             0.08            0.0000              0.95             0.10          16 
     0.0000              0.91             0.02             0.00            0.0000              1.15             0.03          16 
     0.0010              0.67             0.01             0.00            0.0000              0.82             0.02          16 
     0.0000              1.10             0.00             0.00            0.0000              1.47             0.00          16 
     0.0000              0.78             0.26             0.00            0.0000              0.99             0.33          16 
     0.0000              0.74             0.01             0.00            0.0000              0.98             0.01          16 
     0.0000              0.43             0.00             0.00            0.0000              0.57             0.01          16 
     0.0000              0.26             0.00             0.00            0.0000              0.34             0.00          16 
     0.0000              0.21             0.03             0.00            0.0000              0.28             0.04          16 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1996 TO JUN 1996 MONTH=JUNE 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
GREEN SUNFISH              0.05           0.00       65.500           3.22         0.05             0.05              0.001               0.00 
REDBREAST                  0.05           0.00       65.500           3.11         0.10             0.05              0.002               0.00 
WHITE BASS                 0.05           0.01       65.500           3.00         0.46             0.05              0.007               0.00 
BROWN BULLHEAD             0.03           0.01       65.500           2.23         0.60             0.03              0.009               0.00 
HYBRID BASS                0.02           0.03       65.500           1.02         2.01             0.02              0.031               0.00 
STRIPED BASS               0.02           0.00       65.500           1.02         0.00             0.02              0.000               0.00 
SPOTTED BASS               0.02           0.01       65.500           0.99         0.33             0.02              0.005               0.00 
AMERICAN EEL               0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
BLUE CATFISH               0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
CREEK CHUB                 0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.15             0.00             0.00            0.0000              0.20             0.00          16 
     0.0000              0.14             0.00             0.00            0.0000              0.19             0.01          16 
     0.0000              0.14             0.02             0.00            0.0000              0.18             0.03          16 
     0.0000              0.10             0.03             0.00            0.0000              0.14             0.04          16 
     0.0000              0.05             0.09             0.00            0.0000              0.06             0.12          16 
     0.0000              0.05             0.00             0.00            0.0000              0.06             0.00          16 
     0.0000              0.05             0.02             0.00            0.0000              0.06             0.02          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
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Table 1-24.   (Continued). 
 
QUARTER=APR 1996 TO JUN 1996 MONTH=JUNE 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
FLIER                      0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
PUMPKINSEED                0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
REDBREAST SUNFISH          0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
RIVER CHUB                 0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
STRIPED KILLIFISH          0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       65.500           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             236.17           3.49                    15469.00       228.60            80.53              1.302              77.43 
 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.9915            397.23             6.09             7.58            0.1875            477.77             7.40 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1996 TO SEP 1996 MONTH=JULY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD          1218.44           2.00       73.250       89250.41       146.36           290.03              0.425             638.37 
BLUEBACK HERRING          23.69           0.35       73.250        1735.05        25.59             6.18              0.045              11.33 
BLUEGILL                   4.41           0.06       73.250         322.70         4.08             0.73              0.009               2.94 
BLACK CRAPPIE              4.02           0.16       73.250         294.17        11.60             1.02              0.042               1.97 
GIZZARD SHAD               3.64           0.13       73.250         266.61         9.56             1.86              0.037               0.00 
WHITE PERCH                2.19           0.14       73.250         160.19         9.93             0.30              0.021               1.59 
YELLOW PERCH               2.12           0.04       73.250         154.97         3.23             0.44              0.009               1.23 
CHANNEL CATFISH            1.10           0.05       73.250          80.59         3.46             0.21              0.010               0.68 
SPOTTAIL SHINER            0.70           0.01       73.250          51.63         0.43             0.29              0.003               0.13 
TESSELATED DARTR           0.28           0.00       73.250          20.29         0.20             0.19              0.002               0.00 
LARGEMOUTH BASS            0.21           0.00       73.250          15.45         0.03             0.13              0.000               0.00 
WHITE CATFISH              0.20           0.03       73.250          14.74         1.86             0.07              0.013               0.07 
BROWN BULLHEAD             0.07           0.00       73.250           5.24         0.10             0.05              0.001               0.00 
STRIPED BASS               0.07           0.00       73.250           4.94         0.09             0.05              0.001               0.00 
LONGNOSE GAR               0.06           0.00       73.250           4.26         0.05             0.04              0.001               0.00 
REDBREAST                  0.06           0.00       73.250           4.16         0.09             0.04              0.001               0.00 
GOLDEN SHINER              0.04           0.00       73.250           3.11         0.03             0.04              0.000               0.00 
REDEAR                     0.04           0.00       73.250           2.96         0.02             0.04              0.000               0.00 
BLACK BULLHEAD             0.03           0.00       73.250           2.50         0.12             0.03              0.002               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     1.1479           1798.50             2.85           348.34            0.7229           2088.54             3.27          16 
     0.2586             36.04             0.44             5.16            0.2133             42.22             0.49          16 
     0.0369              5.88             0.07             2.20            0.0275              6.61             0.08          16 
     0.0748              6.06             0.24             0.95            0.0331              7.08             0.28          16 
     0.0567              7.36             0.20             0.00            0.0198              9.22             0.24          16 
     0.0934              2.79             0.18             1.29            0.0723              3.09             0.20          16 
     0.0252              3.00             0.06             0.79            0.0157              3.44             0.07          16 
     0.0272              1.52             0.07             0.47            0.0171              1.73             0.08          16 
     0.0006              1.28             0.01             0.00            0.0000              1.57             0.01          16 
     0.0000              0.65             0.01             0.00            0.0000              0.84             0.01          16 
     0.0000              0.46             0.00             0.00            0.0000              0.59             0.00          16 
     0.0000              0.34             0.05             0.00            0.0000              0.41             0.07          16 
     0.0000              0.17             0.00             0.00            0.0000              0.22             0.01          16 
     0.0000              0.16             0.00             0.00            0.0000              0.21             0.00          16 
     0.0000              0.14             0.00             0.00            0.0000              0.18             0.00          16 
     0.0000              0.14             0.00             0.00            0.0000              0.18             0.00          16 
     0.0000              0.13             0.00             0.00            0.0000              0.17             0.00          16 
     0.0000              0.12             0.00             0.00            0.0000              0.16             0.00          16 
     0.0000              0.10             0.00             0.00            0.0000              0.14             0.01          16 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1996 TO SEP 1996 MONTH=JULY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
CHAIN PICKEREL             0.03           0.00       73.250           1.94         0.00             0.03              0.000               0.00 
AMERICAN EEL               0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
BLUE CATFISH               0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
CREEK CHUB                 0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
FLIER                      0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
HYBRID BASS                0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
PUMPKINSEED                0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.08             0.00             0.00            0.0000              0.11             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1996 TO SEP 1996 MONTH=JULY 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
RAINBOW TROUT              0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
REDBREAST SUNFISH          0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
RIVER CHUB                 0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
STRIPED KILLIFISH          0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
WARMOUTH                   0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       73.250           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM            1261.38           2.96                    92395.90       216.84           301.77              0.623             658.31 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     1.7214           1864.91             4.21           359.20            1.1217           2166.67             4.83 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1996 TO SEP 1996 MONTH=AUGUST 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD          2350.51           3.73       89.250      209783.19       332.55           330.74              0.466            1689.04 
BLUEBACK HERRING          74.00           1.96       89.250        6604.84       175.16            31.04              0.846              11.93 
BLACK CRAPPIE              4.22           0.22       89.250         376.50        19.69             1.18              0.049               1.86 
WHITE PERCH                3.79           0.11       89.250         338.25         9.55             0.64              0.036               2.51 
YELLOW PERCH               2.66           0.04       89.250         237.06         3.69             1.75              0.027               0.00 
BLUEGILL                   1.76           0.03       89.250         156.86         2.46             0.33              0.004               1.10 
CHANNEL CATFISH            1.69           0.10       89.250         150.99         8.54             0.34              0.021               1.02 
LARGEMOUTH BASS            0.85           0.00       89.250          75.58         0.14             0.38              0.001               0.08 
WHITE CATFISH              0.71           0.02       89.250          63.80         2.05             0.23              0.012               0.26 
GIZZARD SHAD               0.54           0.04       89.250          48.09         3.18             0.26              0.015               0.01 
SPOTTAIL SHINER            0.48           0.00       89.250          42.94         0.17             0.18              0.001               0.11 
STRIPED BASS               0.14           0.00       89.250          12.56         0.22             0.07              0.001               0.00 
TESSELATED DARTR           0.13           0.00       89.250          11.67         0.11             0.13              0.001               0.00 
FLIER                      0.12           0.00       89.250          10.80         0.00             0.12              0.000               0.00 
BROWN BULLHEAD             0.10           0.00       89.250           8.60         0.03             0.05              0.000               0.00 
REDEAR                     0.09           0.00       89.250           8.42         0.02             0.09              0.000               0.00 
YELLOW BULLHEAD            0.08           0.00       89.250           7.03         0.06             0.08              0.001               0.00 
GOLDEN SHINER              0.07           0.00       89.250           5.81         0.01             0.07              0.000               0.00 
WARMOUTH                   0.06           0.00       89.250           5.78         0.10             0.04              0.001               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     2.7938           3011.98             4.66          1358.30            2.3277           3342.72             5.12          17 
     0.2699            136.08             3.66             0.00            0.0000            167.11             4.50          17 
     0.1229              6.58             0.32             0.68            0.0741              7.75             0.37          17 
     0.0344              5.07             0.18             1.87            0.0000              5.71             0.22          17 
     0.0000              6.16             0.10             0.00            0.0000              7.91             0.12          17 
     0.0196              2.41             0.04             0.78            0.0155              2.74             0.04          17 
     0.0545              2.37             0.14             0.68            0.0338              2.70             0.16          17 
     0.0004              1.61             0.00             0.00            0.0000              2.00             0.00          17 
     0.0000              1.17             0.05             0.03            0.0000              1.40             0.06          17 
     0.0054              1.07             0.07             0.00            0.0000              1.33             0.08          17 
     0.0000              0.85             0.00             0.00            0.0000              1.03             0.01          17 
     0.0000              0.28             0.01             0.00            0.0000              0.36             0.01          17 
     0.0000              0.39             0.00             0.00            0.0000              0.52             0.01          17 
     0.0000              0.36             0.00             0.00            0.0000              0.48             0.00          17 
     0.0000              0.20             0.00             0.00            0.0000              0.25             0.00          17 
     0.0000              0.28             0.00             0.00            0.0000              0.38             0.00          17 
     0.0000              0.24             0.00             0.00            0.0000              0.32             0.00          17 
     0.0000              0.20             0.00             0.00            0.0000              0.26             0.00          17 
     0.0000              0.15             0.00             0.00            0.0000              0.20             0.00          17 







 
  -219 


Table 1-24.   (Continued). 
 
QUARTER=JUL 1996 TO SEP 1996 MONTH=AUGUST 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
WHITEFIN SHINER            0.06           0.00       89.250           5.19         0.04             0.06              0.000               0.00 
WHITE CRAPPIE              0.05           0.01       89.250           4.62         0.46             0.04              0.004               0.00 
FLATHEAD CATFISH           0.04           0.00       89.250           3.35         0.00             0.04              0.000               0.00 
WHITE BASS                 0.03           0.00       89.250           2.99         0.02             0.03              0.000               0.00 
SPOTTED BASS               0.03           0.00       89.250           2.80         0.01             0.03              0.000               0.00 
REDBREAST                  0.03           0.00       89.250           2.54         0.06             0.03              0.001               0.00 
AMERICAN EEL               0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
BLACK BULLHEAD             0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
BLUE CATFISH               0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
CREEK CHUB                 0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.17             0.00             0.00            0.0000              0.23             0.00          17 
     0.0000              0.12             0.01             0.00            0.0000              0.16             0.02          17 
     0.0000              0.11             0.00             0.00            0.0000              0.15             0.00          17 
     0.0000              0.10             0.00             0.00            0.0000              0.13             0.00          17 
     0.0000              0.09             0.00             0.00            0.0000              0.13             0.00          17 
     0.0000              0.09             0.00             0.00            0.0000              0.11             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1996 TO SEP 1996 MONTH=AUGUST 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
HYBRID BASS                0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
PUMPKINSEED                0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
REDBREAST SUNFISH          0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
RIVER CHUB                 0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
STRIPED KILLIFISH          0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       89.250           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM            2442.24           6.26                   217970.26       558.34           367.95              1.488            1707.93 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          17 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     3.3008           3178.14             9.23          1362.35            2.4512           3546.09            10.72 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1996 TO SEP 1996 MONTH=SEPTEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD          1355.13           2.23       77.980      105672.89       174.06           230.04              0.392             895.04 
BLUEBACK HERRING          14.25           0.24       77.980        1111.14        18.93             5.31              0.053               3.64 
CHANNEL CATFISH            3.22           0.12       77.980         251.24         9.24             0.59              0.025               2.04 
BLUEGILL                   2.05           0.05       77.980         159.94         3.54             0.44              0.010               1.17 
WHITE CATFISH              1.93           0.05       77.980         150.24         3.70             0.59              0.023               0.75 
WHITE PERCH                1.83           0.05       77.980         142.40         3.93             0.28              0.012               1.27 
BLACK CRAPPIE              1.55           0.09       77.980         121.16         7.39             0.23              0.015               1.10 
GIZZARD SHAD               1.17           0.03       77.980          91.62         2.06             0.47              0.013               0.23 
LARGEMOUTH BASS            0.51           0.00       77.980          39.43         0.07             0.21              0.000               0.09 
YELLOW PERCH               0.27           0.00       77.980          21.37         0.36             0.13              0.002               0.02 
SPOTTED BASS               0.25           0.00       77.980          19.44         0.03             0.14              0.000               0.00 
BLACK BULLHEAD             0.13           0.00       77.980          10.47         0.20             0.11              0.002               0.00 
WHITE CRAPPIE              0.10           0.01       77.980           7.51         0.91             0.05              0.007               0.00 
STRIPED BASS               0.09           0.01       77.980           7.35         0.74             0.05              0.006               0.00 
BROWN BULLHEAD             0.08           0.00       77.980           6.26         0.03             0.05              0.000               0.00 
FLATHEAD CATFISH           0.08           0.02       77.980           6.19         1.74             0.06              0.022               0.00 
REDEAR                     0.07           0.03       77.980           5.36         2.28             0.07              0.029               0.00 
WARMOUTH                   0.04           0.00       77.980           2.95         0.05             0.04              0.001               0.00 
WHITE BASS                 0.02           0.00       77.980           1.49         0.23             0.02              0.003               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     1.4483           1815.22             3.02           665.00            1.0564           2045.26             3.41          16 
     0.1371             24.86             0.35             0.00            0.0843             30.17             0.40          16 
     0.0692              4.41             0.17             1.44            0.0446              5.00             0.19          16 
     0.0254              2.93             0.07             0.73            0.0154              3.38             0.08          16 
     0.0008              3.11             0.09             0.16            0.0000              3.70             0.12          16 
     0.0261              2.38             0.07             1.00            0.0140              2.66             0.09          16 
     0.0644              2.01             0.13             0.87            0.0492              2.24             0.14          16 
     0.0000              2.12             0.05             0.00            0.0000              2.59             0.07          16 
     0.0003              0.92             0.00             0.00            0.0000              1.13             0.00          16 
     0.0000              0.53             0.01             0.00            0.0000              0.66             0.01          16 
     0.0000              0.52             0.00             0.00            0.0000              0.66             0.00          16 
     0.0000              0.35             0.01             0.00            0.0000              0.45             0.01          16 
     0.0000              0.20             0.02             0.00            0.0000              0.25             0.03          16 
     0.0000              0.20             0.02             0.00            0.0000              0.25             0.03          16 
     0.0000              0.19             0.00             0.00            0.0000              0.25             0.00          16 
     0.0000              0.19             0.07             0.00            0.0000              0.25             0.09          16 
     0.0000              0.21             0.09             0.00            0.0000              0.28             0.12          16 
     0.0000              0.11             0.00             0.00            0.0000              0.15             0.00          16 
     0.0000              0.06             0.01             0.00            0.0000              0.08             0.01          16 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1996 TO SEP 1996 MONTH=SEPTEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
LONGNOSE GAR               0.01           0.01       77.980           0.70         0.81             0.01              0.010               0.00 
AMERICAN EEL               0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
BLUE CATFISH               0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
CREEK CHUB                 0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
FLIER                      0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
GOLDEN SHINER              0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
HYBRID BASS                0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.03             0.03             0.00            0.0000              0.04             0.04          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
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Table 1-24.   (Continued). 
 
QUARTER=JUL 1996 TO SEP 1996 MONTH=SEPTEMBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
PUMPKINSEED                0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
RAINBOW TROUT              0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
REDBREAST SUNFISH          0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
RIVER CHUB                 0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
SILVER REDHORSE            0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
SPOTTAIL SHINER            0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
STRIPED KILLIFISH          0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
WHITEFIN SHINER            0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       77.980           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM            1382.78           2.95                   107829.14       230.29           238.88              0.626             905.34 
 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     1.7716           1860.54             4.21           669.19            1.2639           2099.42             4.83 







 
  -224 


Table 1-24.   (Continued). 
 
QUARTER=OCT 1996 TO DEC 1996 MONTH=OCTOBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
THREADFIN SHAD           759.43           1.21       82.250       62463.35        99.27           152.68              0.232             454.06 
CHANNEL CATFISH            7.07           0.18       82.250         581.80        14.44             0.98              0.029               5.11 
BLUEBACK HERRING           3.46           0.07       82.250         284.77         5.71             0.93              0.020               1.60 
WHITE CATFISH              2.78           0.05       82.250         228.31         3.98             0.69              0.018               1.40 
WHITE PERCH                2.19           0.05       82.250         179.92         3.96             0.68              0.012               0.83 
BLUEGILL                   1.56           0.02       82.250         128.45         1.83             0.43              0.010               0.71 
BLACK CRAPPIE              0.84           0.06       82.250          69.10         4.57             0.19              0.014               0.45 
GIZZARD SHAD               0.73           0.06       82.250          60.16         5.19             0.23              0.022               0.28 
YELLOW PERCH               0.54           0.01       82.250          44.49         0.53             0.16              0.002               0.22 
LARGEMOUTH BASS            0.32           0.00       82.250          25.92         0.05             0.23              0.000               0.00 
SILVER REDHORSE            0.30           0.00       82.250          24.55         0.03             0.30              0.000               0.00 
WHITEFIN SHINER            0.21           0.00       82.250          17.40         0.14             0.21              0.002               0.00 
SPOTTAIL SHINER            0.14           0.00       82.250          11.62         0.05             0.11              0.000               0.00 
STRIPED BASS               0.11           0.02       82.250           9.17         1.99             0.05              0.012               0.01 
HYBRID BASS                0.06           0.01       82.250           4.81         1.08             0.04              0.009               0.00 
BROWN BULLHEAD             0.06           0.00       82.250           4.75         0.15             0.04              0.002               0.00 
WARMOUTH                   0.03           0.00       82.250           2.51         0.05             0.03              0.001               0.00 
BLACK BULLHEAD             0.03           0.00       82.250           2.24         0.11             0.03              0.001               0.00 
GOLDEN SHINER              0.02           0.00       82.250           1.87         0.03             0.02              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.7427           1064.80             1.67           301.38            0.5106           1217.49             1.90          16 
     0.1181              9.04             0.23             4.13            0.0894             10.02             0.26          16 
     0.0295              5.32             0.11             0.67            0.0095              6.25             0.13          16 
     0.0132              4.16             0.08             0.71            0.0000              4.84             0.10          16 
     0.0233              3.55             0.07             0.14            0.0109              4.23             0.09          16 
     0.0025              2.41             0.04             0.28            0.0000              2.84             0.05          16 
     0.0278              1.23             0.08             0.26            0.0139              1.42             0.10          16 
     0.0182              1.19             0.11             0.05            0.0000              1.42             0.13          16 
     0.0025              0.86             0.01             0.06            0.0005              1.02             0.01          16 
     0.0000              0.78             0.00             0.00            0.0000              1.02             0.00          16 
     0.0000              0.90             0.00             0.00            0.0000              1.19             0.00          16 
     0.0000              0.63             0.01             0.00            0.0000              0.85             0.01          16 
     0.0000              0.36             0.00             0.00            0.0000              0.47             0.00          16 
     0.0009              0.21             0.05             0.00            0.0000              0.26             0.06          16 
     0.0000              0.14             0.03             0.00            0.0000              0.18             0.04          16 
     0.0000              0.14             0.01             0.00            0.0000              0.18             0.01          16 
     0.0000              0.09             0.00             0.00            0.0000              0.12             0.00          16 
     0.0000              0.08             0.00             0.00            0.0000              0.11             0.01          16 
     0.0000              0.07             0.00             0.00            0.0000              0.09             0.00          16 
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Table 1-24.   (Continued). 
 
QUARTER=OCT 1996 TO DEC 1996 MONTH=OCTOBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
AMERICAN EEL               0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
BLACKBANDED DARTR          0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
BLUE CATFISH               0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
BLUEHEAD CHUB              0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
BROWN TROUT                0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
CARP                       0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
CHAIN PICKEREL             0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
COASTAL SHINER             0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
COOSA BASS                 0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
CREEK CHUB                 0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
FLAT BULLHEAD              0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
FLATHEAD CATFISH           0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
FLIER                      0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
GREEN SUNFISH              0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
LONGNOSE GAR               0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
MADTOM                     0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
MARGINED MADTOM            0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
NORTHERN HOGSUCKR          0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
PUMPKINSEED                0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
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Table 1-24.   (Concluded). 
 
QUARTER=OCT 1996 TO DEC 1996 MONTH=OCTOBER 
 
                         MEAN           MEAN        SAMPLING                                   1 STANDARD         1 STANDARD         MEAN MINUS 
                     ENTRAINMENT     ENTRAINMENT    DURATION       MONTHLY      MONTHLY         ERROR OF           ERROR OF          2 STANDARD 
COMMON NAME          RATE (#/HR)    RATE (KG/HR)      (HRS)      TOTAL (#)    TOTAL (KG)    THE MEAN (#/HR)    THE MEAN (KG/HR)    ERRORS (#/HR) 
 
RAINBOW TROUT              0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
REDBREAST                  0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
REDBREAST SUNFISH          0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
REDEAR                     0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
RIVER CARPSUCKER           0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
RIVER CHUB                 0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
SPOTTED BASS               0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
STRIPED KILLIFISH          0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
TADPOLE MADTOM             0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
TESSELATED DARTR           0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
WHITE BASS                 0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
WHITE CRAPPIE              0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
YELLOW BULLHEAD            0.00           0.00       82.250           0.00         0.00             0.00              0.000               0.00 
                     -----------    ------------                ----------    ----------    ---------------    ----------------    ------------- 
 MONTHLY SUM             779.88           1.74                    64145.19       143.17           158.04              0.387             464.66 
 
 
  MEAN MINUS        MEAN PLUS         MEAN PLUS        MEAN MINUS       MEAN MINUS        MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD        2 STANDARD       2 STANDARD        3 STANDARD       3 STANDARD        3 STANDARD       3 STANDARD       EVENTS 
ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    SAMPLED 
 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
     0.0000              0.00             0.00             0.00            0.0000              0.00             0.00          16 
--------------    -------------    --------------    -------------    --------------    -------------    -------------- 
     0.9785           1095.96             2.51           307.68            0.6347           1254.00             2.90 
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Conventional Generation Netting 
 


Summary 


 


       During pumped-storage operation, power is purchased during periods of reduced 


demand (usually at night or on weekend days) and using the purchased power to pump 


water back into the upper reservoir for power generation when demand for power 


increases.  The stored water supplements inflows into the watershed above the dam and 


therefore can considerably increase the power generating capacity of the dam.  The 


increase in generation capacity  resulting from pumping operation can also result in 


increased entrainment of fish from Richard B. Russell Lake.  No samples were collected 


of fish passage through the pump units during  conventional generation as part of Phase 


III sampling;  however, substantial netting was conducted prior to entry into Phase III.  


These samples were collated by month and used to estimate entrainment for fish lost 


during conventional generation.   These samples, although not true estimates of increased 


entrainment resulting from increased generation capacity since some were of short 


duration or collected when only a single unit was in operation, can be used to generally  


estimate species composition and timing of entrainment.  Analysis of spring time passage 


data for 1995 indicated that entrainment  rates estimated for tests lasting one hour (n=13) 


 had a significantly  (p=0.00043) higher entraiment (413 vs 167 fish/hour) than tests than 


four hour tests (n=14).   Netting during conventional generation when more than one unit 


was generating  proved to be difficult  because of unpredictable cross currents that formed 


during multi-unit generation.   


 


     Conventional generation entrainment generally mirror stratification patterns in Richard 


B. Russell Lake.  During non-stratification periods, entrainment can be high, particularly 


during the time period of threadfin shad winter kill.  For example, mean entrainment rates 


of  7227 fish/hour were observed in February, most of which were threadfin shad (95.6 


percent).   However, during stratification periods entrainment was generally low (less than 


100 fish/hour) because the centerline depth of the intakes tended to be below the 


thermocline.   As a proportion of total hourly rate over  the year, Clupeids comprised 94 


percent of entrainment, with threadfin shad comprising 87.3  percent of entrainment 


followed by blueback herring at about 6.7 percent of entrainment by number.  No sport 


fish comprised more than 1.0 percent of entrainment.  Projected annual water year totals 
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trends follow  pumped- storage entrainment trends with the highest entrainment for 


conventional generation occurring during a wet year (2,015,597 annual entrainment 


compared to a dry year annual entrainment of 5,918,426 ). 
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Conventional Generation Netting 


  


    Conventional generation passage was not monitored during Phase III studies.  In lieu of 


conventional generation monitoring during Phase III, the results of  netting surveys 


conducted prior to Phase III were employed to estimate conventional generation 


entrainment.  These historical data are presented here to generally depict entrainment 


rates that would have been reasonable during Phase III conventional generation 


monitoring and during months not included in Phase III sampling.  Conventional 


generation full recovery netting was restricted to unit 5.  Each draft tube was separated 


into two  bays by a splitter wall.  Each bay was fished with a separate net  attached to the  


trashracks.  While the entrainment summaries probably represent general trends, the 


summaries are based on uneven sampling effort across months and years and there are no 


corresponding population estimates available against which to assess conventional 


generation entrainment.  The conventional generation data should be used with caution 


because in most cases the netting summaries represent passage when only a single unit 


was running in conventional generation mode.  Prior to entering into Phase III, the CG 


agreed that Phase II data were sufficient to characterize entrainment during Phase III. 


 


     The baseline condition for monitoring was considered to be the plant capacity prior to 


installation of the pumped-storage units.  That is, impact of conventional generation was 


defined as the amount of extra power plant capacity  that was provided by the pump 


turbines.  The contribution of pumped-storage operation to total plant capacity was 


obtained by running the hydrologic planning model used by Savannah District to develop 


long term operational guidelines for the system under two different scenarios.   The model 


predicts discharge at the dam in terms of average hourly discharge for each month.   For  


scenario 1 the monthly average hourly discharrge was calculated without the presence of 


the pumped storage units.  For scenario 2 the monthly average hourly discharge was 


calculated assuming that the four pump-turbines were available to replenish upstream 


storage.   We had to convert monthly discharge to unit hours of operation per month 


because the entrainment data is presented as a monthly mean hourly entrainment rate.  To 


convert monthly mean hourly discharge to unit hours of operation we used: 


UNIT HOURSmonth i= TOTALQmonth i   /  UNITQhour 


where  


UNIT HOURSmonth i=NUMBER OF UNIT HOURS OF OPERATION FOR MONTHi 


       TOTALQmonth i = TOTAL MONTHLY DISCHARGE CALCULATED AS MEAN 
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     AVERAGE HOURLY DISCHARGE  X  3600 SECS HOUR-1  X  


24 


                                  HOURS DAY-1   X  DAYS MONTHi
-1 and  


              UNITQhour=FLOW CAPACITY OF ONE UNIT PER HOUR CALCULATED 


AS 


    MEAN HOURLY UNIT DISCHARGE (7200 FT3 SEC-1)  X 3600 


       SEC HOUR-1  


For example if the model predicts an average hourly discharge for May of  7935 then the 


number of unit hours of operation  is calculated as: 


UNIT HOURSMay=(7935 ft3 sec-1  X 3600 sec hr-1 X  24 hours day-1  X  31 days month-


1
May)/ 


                                (7200 ft3 sec-1 X 3600 sec hr-1) 


=2.1253 x 1010  /  2.59 X 107 


=819.95 unit hours month-1 


The difference between scenario 2 and scenario 1 (as unit hours of operation) was the 


amount of additional  conventional generation capacity that was provided by pumping 


operation as unit hours of operation.   The formulation was tested on Phase III 


conventional generation durations as a check on computational accuracy  (Table 2-1).  


Note the generally close agreement between predicted and actual conventional generation 


operational durations as unit hours.   Table 2-2 presents the convention generation 


operation projections that were used to expand hourly entrainment rates obtained from 


netting data to predict the effects pumping operation associated with different water  


years.    


 


     Mean monthly (Table 2-3) and annual (Table 2-4) entrainment rates (fish/hour) by 


species  for  conventional generation netting are presented to provide an estimate of 


species composition of entrainment.  Entrainment is dominated by threadfin shad (87.3 


percent), blueback herring (6.6 percent), and yellow perch (4.2 percent).   These three 


species together comprise 98 percent of entrainment by hourly rate.   Conventional 


generation entrainment results generally mirror stratification patterns in Richard B. 


Russell Lake.  Entrainment of sport fishes during conventional generation is relatively 


low for both the Phase III months and non-Phase III months.  Phase III passage totals are 


generally low (Table 2-5)  and are not of the same magnitude as Phase III pumpback 


passage.  However, passage totals during non-Phase III months of November, December, 


January, February, and March are substantially higher than during the Phase III sampling 
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(Table 2-6).  Considerable passage of fishes during the winter is common at hydropower 


dams,  particularly for threadfin shad.  Mortality  of  threadfin shad is common as the 


summer boom of threadfin shad is substantially reduced during winter die off  (Table 2-3, 


see January and February rates).  However, during stratification periods entrainment was 


generally low because the centerline depth of the intakes tended to be below the 


thermocline.  Clupeids comprised 93 percent of entrainment with threadfin shad 


comprising 87.4 percent of entrainment followed by blueback herring at about 6.6 percent 


of entrainment by number (Table 2-4).   No direct population estimates are available for 


threadfin shad and blueback herring as were performed for JST Lake.  However, cove 


rotenone data were available to allow a comparison of the abundance ranking of  


threadfin shad and yellow perch in the two reservoirs.   From the cove rotenone data, 


threadfin shad are the most abundant fish in  RBR Lake.   Entrainment of sport fishes 


during conventional generation is relatively low for both the Phase III months and non-


Phase III months compared to pumpback entrainment.  For example, only  72 striped 


bass, 304 hybrid bass and 14,075 black crappie are projected to be entrained by worst 


case conventional generation over an annual cycle compared to 2,789 striped bass, 2,134 


hybrid bass, and 69,465 black crappie during worst case pumpback operation.   These 


comparisons are not adjusted for survival although it is probable that survival during 


conventional generation is at least as great as during pumping operation because the 


runner blades are less likely to physically damage fishes by direct contact during 


conventional generation passage.  During conventional generation the fish and runner 


blades are both moving at the same speed, unlike during pumpback when the fish are 


more likely to contact the runner blades.  Sport catch in RBR Lake was summarized so 


that entrainment losses could be contrasted to commercial harvest (Table 2-5) .  However, 


the comparison of entrainment loss to harvest is complicated by the lack of a tailwater 


fishery  below Hartwell Dam.  The tailwater fishery downstream of RBR dam produces a 


substantial amount of the harvest in JST Lake.  Consequently, harvest rates vs 


entrainment comparisons cannot be made between JST Lake and RBR Lake. 


 


     Projections of entrainment for the different water years shows that entrainment 


combined for Phase III and non-Phase III months is approximately the same rate and 


species composition as entrainment during pumping operation.  Projected water year 


entrainment totals for conventional generation follow the trends identified for pumped-


storage operation with the lowest entrainment that can be attributed to the increase in 


plant capacity from pumped-storage operation occurring during a wet year (2,015,597 
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annual entrainment) compared to a dry  year  (5,918,426 annual entrainment). 
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Table 2-1.  Generation hours for Phase III and predicted generation hours for Phase III 
based on the formula used to project future generation operations. 
 


 
 


Month 
 


 
Actual 


Gen. Hrs. 
Phase III 
Units 1-8 
From Plant 


Log 
 


 
Actual 


Gen. Hrs. 
Phase III 
Units 5-8 
From Plant 


Log 


 
Average 
Daily 


Discharge 
(cfs) 


Phase III 
Operation 


 
Predicted 
Gen. Hrs. 
Phase III 


Using 
Formula* 


 
Jan 


 
 


 
 


 
 


 
 


 
Feb 


 
 


 
 


 
 


 
 


 
Mar 


 
 


 
 


 
 


 
 


 
Apr 


 
889.6 


 
181.4 


 
8835 


 
883.5 


 
May 


 
809.8 


 
285.3 


 
7935 


 
820 


 
Jun 


 
709.7 


 
381.3 


 
7208 


 
720.8 


 
Jul 


 
879.2 


 
443.7 


 
8519 


 
880.3 


 
Aug 


 
847.8 


 
438.9 


 
8234 


 
850.8 


 
Sep 


 
942.1 


 
418.1 


 
9225 


 
922.5 


 
Oct 


 
864.4 


 
462.6 


 
7890 


 
815.3 


 
Nov 


 
 


 
 


 
 


 
 


 
Dec 


 
 


 
 


 
 


 
 


 
Total 
Phase 
III 


 
 


5942.6 


 
 


2611.3 


 
 


 
 


5893.2 
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Table 2-2.  Generation hours projected for wet, average, and dry years based  with and without pumped storage operation. 


 
                     WET YEAR       AVERAGE YEAR                    DRY YEAR 


 
 


Month 


 


 


 


 
Projected 


Gen. Hrs. 


Wet Year 


With Pump 


Storage  


Operation 


 


 
Projected  


Gen. Hrs. 


Wet Year 


Present 


Condition 


(4-Units) 


 
Gen. Hrs. 


Wet Year 


Attributed 


to Pumped 


Storage 


Additon 


 
Projected 


Gen. Hrs. 


Average 


Year With 


Pump 


Storage 


 
Projected 


Gen. Hrs. 


Avg. Year 


Present 


Condition 


(4-Units) 


 
Avg. Year 


Gen. Hrs. 


Attributed 


to Pumped 


Storage 


Addition 


 
Projected 


Gen.Hrs. 


Dry Year 


With Pump 


Storage 


Operation 


 
Projected 


Gen. Hrs. 


Dry Year 


Present 


Condition 


(4-Units) 


 
Dry Year 


Gen. Hrs. 


Attributed 


to Pumped 


Storage 


Additon 


 
Jan 


 
1166 


 
 980 


 
186 


 
1021 


 
570 


 
451 


 
963 


 
313 


 
650 


 
Feb 


 
1010 


 
 833 


 
177 


 
880 


 
509 


 
371 


 
819 


 
284 


 
535 


 
Mar 


 
1296 


 
1160 


 
136 


 
935 


 
645 


 
290 


 
789 


 
320 


 
469 


 
Apr 


 
1057 


 
1164 


 
0 


 
849 


 
652 


 
197 


 
771 


 
332 


 
439 


 
May 


 
 944 


 
 951 


 
0 


 
853 


 
573 


 
280 


 
820 


 
328 


 
492 


 
Jun 


 
 930 


 
 730 


 
200 


 
897 


 
449 


 
448 


 
911 


 
317 


 
594 


 
Jul 


 
1201 


 
 720 


 
481 


 
1141 


 
488 


 
653 


 
1076 


 
358 


 
718 


 
Aug 


 
1255 


 
 739 


 
516 


 
1151 


 
495 


 
656 


 
1080 


 
361 


 
719 


 
Sep 


 
1146 


 
 566 


 
580 


 
1071 


 
408 


 
663 


 
1046 


 
311 


 
735 


 
Oct 


 
1057 


 
 610 


 
447 


 
1001 


 
391 


 
610 


 
973 


 
276 


 
697 


 
Nov 


 
 989 


 
 788 


 
201 


 
911 


 
428 


 
483 


 
879 


 
259 


 
620 


 
Dec 


 
1155 


 
 952 


 
203 


 
1014 


 
536 


 
478 


 
958 


 
287 


 
671 
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Total For 


Year 


 


13206 


 


10193 


 


3127 


 


11724 


 


6144 


 


5580 


 


11085 


 


3746 


 


7339 


 


* This table uses the same formula as described in Table 2-?. 
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Table 2-3.  (Continued).  Arithmetic mean entrainment rate for conventional generation (num/hr & kg/hr) by month for each species. 
 


---------------------------------------------------- MONTH=JANUARY ----------------------------------------------------- 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
 
THREADFIN SHAD         1265.70      86.82       0.14         17.19     548.32    0.08363        169.06         -379.26 
BLUEBACK HERRING        146.75      10.07       0.47         59.02      58.75    0.17973         29.24          -29.51 
YELLOW PERCH             40.51       2.78       0.12         15.32       2.58    0.04391         35.35           32.77 
WHITE CATFISH             1.61       0.11       0.01          0.76       0.53    0.00388          0.55            0.02 
BLUEGILL                  1.08       0.07       0.00          0.49       0.55    0.00282         -0.01           -0.56 
SPOTTAIL SHINER           0.83       0.06       0.00          0.46       0.40    0.00185          0.04           -0.35 
YELLOW BULLHEAD           0.36       0.02       0.00          0.48       0.28    0.00379         -0.21           -0.49 
BLACK CRAPPIE             0.36       0.02       0.00          0.06       0.21    0.00049         -0.07           -0.29 
CHANNEL CATFISH           0.20       0.01       0.01          1.52       0.20    0.01204         -0.20           -0.40 
WARMOUTH                  0.12       0.01       0.00          0.02       0.08    0.00014         -0.04           -0.12 
GIZZARD SHAD              0.11       0.01       0.01          1.35       0.09    0.00830         -0.06           -0.14 
GOLDEN SHINER             0.05       0.00       0.00          0.02       0.05    0.00019         -0.05           -0.10 
HYBRID BASS               0.05       0.00       0.00          0.00       0.05    0.00000         -0.05           -0.10 
LARGEMOUTH BASS           0.03       0.00       0.01          1.34       0.03    0.01060         -0.03           -0.07 
LONGNOSE GAR              0.03       0.00       0.02          1.97       0.03    0.01560         -0.03           -0.07 
BLACK BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
BLACKBANDED DARTR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
BROWN BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
CARP                      0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
 
    2362.34          2910.66           -0.03             -0.11              0.30              0.39            7 
     264.25           323.01            0.11             -0.07              0.83              1.01            7 
      45.67            48.25            0.03             -0.01              0.21              0.25            7 
       2.66             3.19            0.00             -0.01              0.01              0.02            7 
       2.17             2.71            0.00              0.00              0.01              0.01            7 
       1.63             2.02            0.00              0.00              0.01              0.01            7 
       0.92             1.20            0.00             -0.01              0.01              0.02            7 
       0.78             1.00            0.00              0.00              0.00              0.00            7 
       0.60             0.80           -0.01             -0.02              0.04              0.05            7 
       0.27             0.35            0.00              0.00              0.00              0.00            7 
       0.29             0.37           -0.01             -0.01              0.03              0.04            7 
       0.15             0.20            0.00              0.00              0.00              0.00            7 
       0.14             0.19            0.00              0.00              0.00              0.00            7 
       0.10             0.13           -0.01             -0.02              0.03              0.04            7 
       0.10             0.13           -0.02             -0.03              0.05              0.06            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
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Table 2-3.  (Continued).   
 
---------------------------------------------------- MONTH=JANUARY ----------------------------------------------------- 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
 
COOSA BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
FLATHEAD CATFISH          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
GREEN SUNFISH             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
NORTHERN HOGSUCKR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
RAINBOW TROUT             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
REDBREAST SUNFISH         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SILVER REDHORSE           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SMALLMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SNAIL BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SPOTTED BASS              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
STRIPED BASS              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
TESSELATED DARTR          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WALLEYE                   0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE CRAPPIE             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE PERCH               0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITEFIN SHINER           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
                    -----------   -------   ------------   -------                         -------------   ------------- 
     MON               1457.79      99.98       0.79        100.00                              233.49         -378.67 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
-------------    -------------    --------------    --------------    --------------    -------------- 
    2682.07          3294.21            0.06             -0.29              1.53              1.90 
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Table 2-3.  (Continued). 
 
---------------------------------------------------- MONTH=FEBRUARY ---------------------------------------------------- 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
 
THREADFIN SHAD         6911.76      95.64       0.15         22.92    3170.35    0.07951        571.05        -2599.30 
BLUEBACK HERRING        255.34       3.53       0.40         62.81     114.07    0.23947         27.20          -86.88 
YELLOW PERCH             56.69       0.78       0.07         11.13      11.12    0.03577         34.46           23.34 
WHITE CATFISH             1.78       0.02       0.01          1.90       0.71    0.00677          0.36           -0.36 
BLUEGILL                  0.41       0.01       0.00          0.23       0.20    0.00138          0.00           -0.20 
SPOTTAIL SHINER           0.38       0.01       0.00          0.12       0.15    0.00050          0.08           -0.07 
WHITE PERCH               0.33       0.00       0.00          0.44       0.21    0.00196         -0.10           -0.31 
BLACK CRAPPIE             0.08       0.00       0.00          0.45       0.06    0.00261         -0.03           -0.08 
BLACKBANDED DARTR         0.08       0.00       0.00          0.00       0.08    0.00000         -0.08           -0.17 
CHANNEL CATFISH           0.05       0.00       0.00          0.00       0.05    0.00002         -0.05           -0.11 
GIZZARD SHAD              0.04       0.00       0.00          0.00       0.04    0.00000         -0.04           -0.08 
WALLEYE                   0.04       0.00       0.00          0.00       0.04    0.00000         -0.04           -0.08 
BLACK BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
BROWN BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
CARP                      0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
COOSA BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
FLATHEAD CATFISH          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
GOLDEN SHINER             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
GREEN SUNFISH             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
 
   13252.46         16422.81           -0.01             -0.09              0.31              0.38            8 
     483.49           597.56           -0.08             -0.32              0.88              1.12            8 
      78.92            90.04            0.00             -0.04              0.14              0.18            8 
       3.21             3.92            0.00             -0.01              0.03              0.03            8 
       0.81             1.01            0.00              0.00              0.00              0.01            8 
       0.68             0.83            0.00              0.00              0.00              0.00            8 
       0.75             0.97            0.00              0.00              0.01              0.01            8 
       0.19             0.25            0.00              0.00              0.01              0.01            8 
       0.25             0.33            0.00              0.00              0.00              0.00            8 
       0.16             0.21            0.00              0.00              0.00              0.00            8 
       0.13             0.17            0.00              0.00              0.00              0.00            8 
       0.13             0.17            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
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Table 2-3.  (Continued). 
 
---------------------------------------------------- MONTH=FEBRUARY ---------------------------------------------------- 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
HYBRID BASS               0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LARGEMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LONGNOSE GAR              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
NORTHERN HOGSUCKR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
RAINBOW TROUT             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
REDBREAST SUNFISH         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SILVER REDHORSE           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SMALLMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SNAIL BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SPOTTED BASS              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
STRIPED BASS              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
TESSELATED DARTR          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WARMOUTH                  0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE CRAPPIE             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITEFIN SHINER           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
YELLOW BULLHEAD           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
                    -----------   -------   ------------   -------                         -------------   ------------- 
     MON               7226.98      99.99       0.63        100.00                              632.81        -2664.30 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
       0.00             0.00            0.00              0.00              0.00              0.00            8 
-------------    -------------    --------------    --------------    --------------    -------------- 
   13821.18         17118.27           -0.09             -0.46              1.38              1.74 
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Table 2-3.  (Continued). 
 
----------------------------------------------------- MONTH=MARCH ------------------------------------------------------ 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
YELLOW PERCH            132.90      59.09       0.81         63.76      38.77    0.22126         55.36           16.60 
BLUEBACK HERRING         47.73      21.22       0.25         19.81      14.85    0.05719         18.03            3.17 
THREADFIN SHAD           38.34      17.05       0.05          3.60      21.35    0.02148         -4.36          -25.71 
WHITE PERCH               1.87       0.83       0.04          2.85       1.13    0.01982         -0.38           -1.51 
SPOTTAIL SHINER           1.30       0.58       0.01          0.42       0.42    0.00193          0.46            0.04 
BLUEGILL                  1.08       0.48       0.00          0.32       0.34    0.00165          0.41            0.07 
WHITE CATFISH             0.90       0.40       0.00          0.38       0.35    0.00207          0.20           -0.15 
HYBRID BASS               0.24       0.11       0.06          5.07       0.19    0.05089         -0.14           -0.33 
BLACK CRAPPIE             0.24       0.11       0.01          0.43       0.14    0.00317         -0.04           -0.17 
GIZZARD SHAD              0.13       0.06       0.02          1.39       0.10    0.01641         -0.06           -0.16 
STRIPED BASS              0.07       0.03       0.02          1.28       0.07    0.01638         -0.07           -0.14 
BLACK BULLHEAD            0.04       0.02       0.00          0.09       0.04    0.00110         -0.04           -0.07 
BROWN BULLHEAD            0.04       0.02       0.00          0.15       0.04    0.00191         -0.04           -0.07 
WHITE BASS                0.03       0.02       0.01          0.46       0.02    0.00400         -0.01           -0.04 
BLACKBANDED DARTR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
CARP                      0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
CHANNEL CATFISH           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
COOSA BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
FLATHEAD CATFISH          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
     210.43           249.20            0.37              0.15              1.26              1.48           17 
      77.43            92.28            0.14              0.08              0.37              0.42           17 
      81.05           102.40            0.00             -0.02              0.09              0.11           17 
       4.12             5.24            0.00             -0.02              0.08              0.10           17 
       2.15             2.57            0.00              0.00              0.01              0.01           17 
       1.75             2.09            0.00              0.00              0.01              0.01           17 
       1.61             1.96            0.00              0.00              0.01              0.01           17 
       0.62             0.81           -0.04             -0.09              0.17              0.22           17 
       0.51             0.65            0.00              0.00              0.01              0.01           17 
       0.32             0.42           -0.02             -0.03              0.05              0.07           17 
       0.20             0.27           -0.02             -0.03              0.05              0.07           17 
       0.11             0.14            0.00              0.00              0.00              0.00           17 
       0.11             0.14            0.00              0.00              0.01              0.01           17 
       0.08             0.10            0.00             -0.01              0.01              0.02           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
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Table 2-3.  (Continued). 
 
----------------------------------------------------- MONTH=MARCH ------------------------------------------------------ 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
    
GOLDEN SHINER             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
GREEN SUNFISH             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LARGEMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LONGNOSE GAR              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
NORTHERN HOGSUCKR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
RAINBOW TROUT             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
REDBREAST SUNFISH         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SILVER REDHORSE           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SMALLMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SNAIL BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SPOTTED BASS              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
TESSELATED DARTR          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WALLEYE                   0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WARMOUTH                  0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE CRAPPIE             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITEFIN SHINER           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
YELLOW BULLHEAD           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
                    -----------   -------   ------------   -------                         -------------   ------------- 
     MON                224.91     100.02       1.28        100.01                               69.32           -8.47 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
-------------    -------------    --------------    --------------    --------------    -------------- 
     380.49           458.27            0.43              0.03              2.13              2.54 
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Table 2-3.  (Continued). 
 
----------------------------------------------------- MONTH=APRIL ------------------------------------------------------ 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
YELLOW PERCH            104.38      41.55       0.37         31.95      25.36    0.07844         53.66           28.29 
BLUEBACK HERRING         74.29      29.57       0.24         21.29      16.13    0.04850         42.03           25.91 
THREADFIN SHAD           42.54      16.93       0.09          8.12      24.80    0.05902         -7.06          -31.86 
WHITE PERCH              11.84       4.71       0.23         19.95       3.88    0.06524          4.08            0.20 
BLUEGILL                 10.96       4.36       0.03          2.49       2.27    0.00589          6.43            4.16 
WHITE CRAPPIE             2.90       1.16       0.04          3.70       1.26    0.01875          0.38           -0.88 
SPOTTAIL SHINER           1.01       0.40       0.00          0.37       0.29    0.00154          0.43            0.14 
BLACK CRAPPIE             0.94       0.37       0.00          0.29       0.64    0.00186         -0.34           -0.98 
WHITE CATFISH             0.57       0.23       0.00          0.12       0.19    0.00052          0.19            0.01 
CHANNEL CATFISH           0.52       0.21       0.03          2.52       0.26    0.02742          0.01           -0.25 
WARMOUTH                  0.31       0.12       0.00          0.30       0.20    0.00195         -0.08           -0.28 
BLACK BULLHEAD            0.24       0.10       0.00          0.19       0.21    0.00148         -0.18           -0.39 
HYBRID BASS               0.20       0.08       0.07          5.87       0.18    0.06089         -0.15           -0.33 
GOLDEN SHINER             0.11       0.04       0.00          0.03       0.09    0.00035         -0.07           -0.16 
GIZZARD SHAD              0.11       0.04       0.01          1.05       0.07    0.00823         -0.04           -0.11 
REDBREAST SUNFISH         0.06       0.02       0.00          0.12       0.06    0.00135         -0.06           -0.12 
STRIPED BASS              0.06       0.02       0.01          0.51       0.04    0.00547         -0.02           -0.06 
SMALLMOUTH BASS           0.05       0.02       0.00          0.00       0.05    0.00000         -0.05           -0.11 
GREEN SUNFISH             0.04       0.01       0.00          0.01       0.03    0.00013         -0.01           -0.04 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
     155.11           180.47            0.21              0.13              0.52              0.60           17 
     106.55           122.68            0.15              0.10              0.34              0.39           17 
      92.14           116.94           -0.03             -0.08              0.21              0.27           17 
      19.59            23.47            0.10              0.03              0.36              0.42           17 
      15.50            17.77            0.02              0.01              0.04              0.05           17 
       5.43             6.69            0.00             -0.01              0.08              0.10           17 
       1.59             1.88            0.00              0.00              0.01              0.01           17 
       2.22             2.85            0.00              0.00              0.01              0.01           17 
       0.94             1.13            0.00              0.00              0.00              0.00           17 
       1.03             1.29           -0.03             -0.05              0.08              0.11           17 
       0.71             0.91            0.00              0.00              0.01              0.01           17 
       0.67             0.88            0.00              0.00              0.01              0.01           17 
       0.56             0.73           -0.05             -0.12              0.19              0.25           17 
       0.29             0.38            0.00              0.00              0.00              0.00           17 
       0.25             0.32            0.00             -0.01              0.03              0.04           17 
       0.17             0.23            0.00              0.00              0.00              0.01           17 
       0.14             0.18           -0.01             -0.01              0.02              0.02           17 
       0.16             0.22            0.00              0.00              0.00              0.00           17 
       0.09             0.11            0.00              0.00              0.00              0.00           17 
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Table 2-3.  (Continued). 
 
----------------------------------------------------- MONTH=APRIL ------------------------------------------------------ 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
FLATHEAD CATFISH          0.03       0.01       0.00          0.06       0.03    0.00064         -0.03           -0.06 
WHITEFIN SHINER           0.02       0.01       0.00          0.01       0.02    0.00007         -0.02           -0.04 
CARP                      0.01       0.01       0.00          0.40       0.01    0.00455         -0.01           -0.03 
WHITE BASS                0.01       0.01       0.00          0.25       0.01    0.00283         -0.01           -0.03 
SILVER REDHORSE           0.01       0.00       0.00          0.40       0.01    0.00457         -0.01           -0.02 
BLACKBANDED DARTR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
BROWN BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
COOSA BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LARGEMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LONGNOSE GAR              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
NORTHERN HOGSUCKR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
RAINBOW TROUT             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SNAIL BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SPOTTED BASS              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
TESSELATED DARTR          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WALLEYE                   0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
YELLOW BULLHEAD           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
                    -----------   -------   ------------   -------                         -------------   ------------- 
     MON                251.21      99.98       1.12        100.00                               99.07           22.96 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
       0.09             0.12            0.00              0.00              0.00              0.00           17 
       0.06             0.08            0.00              0.00              0.00              0.00           17 
       0.04             0.06            0.00             -0.01              0.01              0.02           17 
       0.04             0.06            0.00             -0.01              0.01              0.01           17 
       0.04             0.05            0.00             -0.01              0.01              0.02           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
       0.00             0.00            0.00              0.00              0.00              0.00           17 
-------------    -------------    --------------    --------------    --------------    -------------- 
     403.41           479.50            0.36             -0.04              1.94              2.35 
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Table 2-3.  (Continued). 
 
------------------------------------------------------ MONTH=MAY ------------------------------------------------------- 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
BLUEBACK HERRING         44.66      41.21       0.14         20.95      25.79    0.06789         -6.92          -32.72 
YELLOW PERCH             41.98      38.73       0.20         30.95       6.20    0.02793         29.58           23.38 
WHITE PERCH               9.91       9.15       0.16         24.48       2.22    0.03869          5.46            3.24 
BLACK CRAPPIE             5.74       5.29       0.03          4.72       2.20    0.00927          1.34           -0.86 
BLUEGILL                  1.87       1.73       0.01          1.27       0.53    0.00240          0.82            0.30 
THREADFIN SHAD            1.84       1.70       0.01          0.82       0.50    0.00145          0.83            0.33 
WHITE CATFISH             0.74       0.69       0.00          0.50       0.25    0.00156          0.24           -0.01 
CHANNEL CATFISH           0.57       0.53       0.01          0.92       0.15    0.00239          0.28            0.13 
SPOTTAIL SHINER           0.31       0.28       0.00          0.19       0.16    0.00066         -0.01           -0.17 
HYBRID BASS               0.14       0.13       0.04          6.59       0.08    0.02327         -0.01           -0.09 
WARMOUTH                  0.13       0.12       0.00          0.13       0.09    0.00057         -0.04           -0.13 
TESSELATED DARTR          0.11       0.11       0.00          0.19       0.06    0.00075         -0.01           -0.07 
BROWN BULLHEAD            0.11       0.10       0.01          1.21       0.06    0.00430         -0.01           -0.06 
SILVER REDHORSE           0.08       0.07       0.03          4.55       0.05    0.02009         -0.03           -0.08 
WHITE CRAPPIE             0.08       0.07       0.00          0.14       0.05    0.00065         -0.03           -0.08 
CARP                      0.03       0.03       0.01          1.89       0.03    0.01235         -0.03           -0.07 
STRIPED BASS              0.03       0.03       0.00          0.08       0.03    0.00049         -0.03           -0.06 
GREEN SUNFISH             0.02       0.02       0.00          0.01       0.02    0.00006         -0.02           -0.05 
COOSA BASS                0.02       0.01       0.00          0.42       0.02    0.00274         -0.02           -0.03 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
      96.25           122.05            0.00             -0.07              0.27              0.34           12 
      54.38            60.58            0.15              0.12              0.26              0.29           12 
      14.36            16.59            0.08              0.04              0.24              0.28           12 
      10.14            12.34            0.01              0.00              0.05              0.06           12 
       2.92             3.45            0.00              0.00              0.01              0.02           12 
       2.85             3.35            0.00              0.00              0.01              0.01           12 
       1.25             1.50            0.00              0.00              0.01              0.01           12 
       0.86             1.01            0.00              0.00              0.01              0.01           12 
       0.62             0.78            0.00              0.00              0.00              0.00           12 
       0.30             0.38            0.00             -0.03              0.09              0.11           12 
       0.30             0.38            0.00              0.00              0.00              0.00           12 
       0.23             0.29            0.00              0.00              0.00              0.00           12 
       0.23             0.29            0.00             -0.01              0.02              0.02           12 
       0.19             0.24           -0.01             -0.03              0.07              0.09           12 
       0.18             0.23            0.00              0.00              0.00              0.00           12 
       0.10             0.13           -0.01             -0.02              0.04              0.05           12 
       0.09             0.12            0.00              0.00              0.00              0.00           12 
       0.07             0.09            0.00              0.00              0.00              0.00           12 
       0.05             0.06            0.00             -0.01              0.01              0.01           12 
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Table 2-3.  (Continued). 
 
------------------------------------------------------ MONTH=MAY ------------------------------------------------------- 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
BLACK BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
BLACKBANDED DARTR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
FLATHEAD CATFISH          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
GIZZARD SHAD              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
GOLDEN SHINER             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LARGEMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LONGNOSE GAR              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
NORTHERN HOGSUCKR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
RAINBOW TROUT             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
REDBREAST SUNFISH         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SMALLMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SNAIL BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SPOTTED BASS              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WALLEYE                   0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITEFIN SHINER           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
YELLOW BULLHEAD           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
                    -----------   -------   ------------   -------                         -------------   ------------- 
     MON                108.37     100.00       0.65        100.01                               31.39           -7.10 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
       0.00             0.00            0.00              0.00              0.00              0.00           12 
       0.00             0.00            0.00              0.00              0.00              0.00           12 
       0.00             0.00            0.00              0.00              0.00              0.00           12 
       0.00             0.00            0.00              0.00              0.00              0.00           12 
       0.00             0.00            0.00              0.00              0.00              0.00           12 
       0.00             0.00            0.00              0.00              0.00              0.00           12 
       0.00             0.00            0.00              0.00              0.00              0.00           12 
       0.00             0.00            0.00              0.00              0.00              0.00           12 
       0.00             0.00            0.00              0.00              0.00              0.00           12 
       0.00             0.00            0.00              0.00              0.00              0.00           12 
       0.00             0.00            0.00              0.00              0.00              0.00           12 
       0.00             0.00            0.00              0.00              0.00              0.00           12 
       0.00             0.00            0.00              0.00              0.00              0.00           12 
       0.00             0.00            0.00              0.00              0.00              0.00           12 
       0.00             0.00            0.00              0.00              0.00              0.00           12 
       0.00             0.00            0.00              0.00              0.00              0.00           12 
       0.00             0.00            0.00              0.00              0.00              0.00           12 
-------------    -------------    --------------    --------------    --------------    -------------- 
     185.37           223.86            0.22             -0.01              1.09              1.30 
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Table 2-3.  (Continued). 
 
------------------------------------------------------ MONTH=JUNE ------------------------------------------------------ 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
BLUEBACK HERRING         22.09      30.94       0.18         41.79      10.76    0.09134          0.57          -10.19 
YELLOW PERCH             20.60      28.86       0.09         21.98       4.48    0.01318         11.64            7.15 
BLACK CRAPPIE            12.53      17.55       0.06         14.64       8.46    0.04203         -4.39          -12.85 
THREADFIN SHAD           10.84      15.19       0.03          6.08       7.09    0.01622         -3.33          -10.42 
BLUEGILL                  2.13       2.98       0.01          3.25       0.90    0.00590          0.32           -0.58 
WHITE CRAPPIE             1.15       1.62       0.01          2.73       0.86    0.00949         -0.57           -1.43 
WHITE PERCH               0.67       0.95       0.01          2.82       0.31    0.00597          0.06           -0.24 
WHITE CATFISH             0.67       0.94       0.00          0.58       0.30    0.00131          0.08           -0.21 
BLACK BULLHEAD            0.15       0.21       0.00          0.39       0.15    0.00167         -0.15           -0.30 
SPOTTAIL SHINER           0.13       0.19       0.00          0.15       0.09    0.00043         -0.04           -0.13 
GREEN SUNFISH             0.08       0.11       0.00          0.15       0.08    0.00066         -0.08           -0.15 
BROWN BULLHEAD            0.06       0.08       0.01          1.84       0.06    0.00782         -0.06           -0.12 
CHANNEL CATFISH           0.06       0.08       0.00          0.55       0.06    0.00236         -0.06           -0.12 
NORTHERN HOGSUCKR         0.05       0.07       0.00          0.00       0.05    0.00000         -0.05           -0.10 
SNAIL BULLHEAD            0.05       0.07       0.00          0.02       0.05    0.00009         -0.05           -0.10 
SPOTTED BASS              0.05       0.07       0.00          0.02       0.05    0.00010         -0.05           -0.10 
GIZZARD SHAD              0.05       0.07       0.01          1.32       0.03    0.00366         -0.01           -0.04 
CARP                      0.03       0.04       0.01          1.67       0.03    0.00710         -0.03           -0.05 
BLACKBANDED DARTR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
      43.61            54.37           -0.01             -0.10              0.36              0.45            7 
      29.57            34.05            0.07              0.05              0.12              0.13            7 
      29.45            37.91           -0.02             -0.06              0.15              0.19            7 
      25.02            32.11           -0.01             -0.02              0.06              0.07            7 
       3.93             4.83            0.00              0.00              0.03              0.03            7 
       2.88             3.74           -0.01             -0.02              0.03              0.04            7 
       1.29             1.59            0.00             -0.01              0.02              0.03            7 
       1.26             1.56            0.00              0.00              0.01              0.01            7 
       0.44             0.59            0.00              0.00              0.01              0.01            7 
       0.31             0.40            0.00              0.00              0.00              0.00            7 
       0.23             0.30            0.00              0.00              0.00              0.00            7 
       0.17             0.23           -0.01             -0.02              0.02              0.03            7 
       0.17             0.23            0.00              0.00              0.01              0.01            7 
       0.16             0.21            0.00              0.00              0.00              0.00            7 
       0.15             0.20            0.00              0.00              0.00              0.00            7 
       0.15             0.20            0.00              0.00              0.00              0.00            7 
       0.11             0.14            0.00             -0.01              0.01              0.02            7 
       0.08             0.11           -0.01             -0.01              0.02              0.03            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
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Table 2-3.  (Continued). 
 
------------------------------------------------------ MONTH=JUNE ------------------------------------------------------ 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
COOSA BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
FLATHEAD CATFISH          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
GOLDEN SHINER             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
HYBRID BASS               0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LARGEMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LONGNOSE GAR              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
RAINBOW TROUT             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
REDBREAST SUNFISH         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SILVER REDHORSE           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SMALLMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
STRIPED BASS              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
TESSELATED DARTR          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WALLEYE                   0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WARMOUTH                  0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITEFIN SHINER           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
YELLOW BULLHEAD           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
                    -----------   -------   ------------   -------                         -------------   ------------- 
     MON                 71.39     100.02       0.42         99.98                                3.80          -29.98 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
-------------    -------------    --------------    --------------    --------------    -------------- 
     138.98           172.77            0.00             -0.20              0.85              1.05 
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Table 2-3.  (Continued). 
 
------------------------------------------------------ MONTH=JULY ------------------------------------------------------ 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
THREADFIN SHAD           65.19      64.46       0.09         11.63      49.41    0.05929        -33.62          -83.02 
YELLOW PERCH             15.87      15.69       0.09         11.91       2.59    0.01090         10.68            8.09 
BLUEBACK HERRING          8.61       8.51       0.10         13.47       3.75    0.04127          1.12           -2.63 
BLUEGILL                  3.46       3.42       0.01          1.66       1.21    0.00373          1.04           -0.16 
BROWN BULLHEAD            2.40       2.38       0.07         10.05       0.58    0.02730          1.25            0.67 
BLACK CRAPPIE             1.89       1.87       0.01          1.16       1.51    0.00637         -1.12           -2.63 
WHITE CATFISH             1.12       1.11       0.01          1.22       0.77    0.00764         -0.42           -1.19 
CARP                      0.95       0.94       0.25         33.28       0.37    0.09056          0.22           -0.15 
YELLOW BULLHEAD           0.65       0.64       0.04          5.13       0.65    0.03812         -0.65           -1.30 
GIZZARD SHAD              0.50       0.50       0.06          8.18       0.13    0.01587          0.23            0.10 
WARMOUTH                  0.17       0.17       0.00          0.18       0.11    0.00083         -0.05           -0.16 
CHANNEL CATFISH           0.08       0.08       0.00          0.02       0.08    0.00011         -0.08           -0.15 
RAINBOW TROUT             0.07       0.07       0.01          1.88       0.04    0.00829         -0.01           -0.05 
WHITEFIN SHINER           0.06       0.06       0.00          0.03       0.06    0.00022         -0.06           -0.12 
GREEN SUNFISH             0.06       0.06       0.00          0.02       0.06    0.00016         -0.06           -0.11 
WHITE CRAPPIE             0.06       0.06       0.00          0.18       0.06    0.00136         -0.06           -0.11 
BLACK BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
BLACKBANDED DARTR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
COOSA BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
     164.01           213.41           -0.03             -0.09              0.20              0.26            4 
      21.06            23.65            0.07              0.06              0.11              0.12            4 
      16.10            19.85            0.02             -0.02              0.18              0.22            4 
       5.87             7.08            0.00              0.00              0.02              0.02            4 
       3.56             4.14            0.02             -0.01              0.13              0.16            4 
       4.91             6.41            0.00             -0.01              0.02              0.03            4 
       2.66             3.43           -0.01             -0.01              0.02              0.03            4 
       1.69             2.06            0.07             -0.02              0.43              0.52            4 
       1.95             2.60           -0.04             -0.08              0.11              0.15            4 
       0.77             0.91            0.03              0.01              0.09              0.11            4 
       0.39             0.50            0.00              0.00              0.00              0.00            4 
       0.23             0.30            0.00              0.00              0.00              0.00            4 
       0.15             0.20            0.00             -0.01              0.03              0.04            4 
       0.18             0.25            0.00              0.00              0.00              0.00            4 
       0.17             0.23            0.00              0.00              0.00              0.00            4 
       0.17             0.23            0.00              0.00              0.00              0.01            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
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Table 2-3.  (Continued). 
 
------------------------------------------------------ MONTH=JULY ------------------------------------------------------ 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
FLATHEAD CATFISH          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
GOLDEN SHINER             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
HYBRID BASS               0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LARGEMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LONGNOSE GAR              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
NORTHERN HOGSUCKR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
REDBREAST SUNFISH         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SILVER REDHORSE           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SMALLMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SNAIL BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SPOTTAIL SHINER           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SPOTTED BASS              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
STRIPED BASS              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
TESSELATED DARTR          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WALLEYE                   0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE PERCH               0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
                    -----------   -------   ------------   -------                         -------------   ------------- 
     MON                101.14     100.02       0.74        100.00                              -21.59          -82.92 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
-------------    -------------    --------------    --------------    --------------    -------------- 
     223.87           285.25            0.13             -0.18              1.34              1.67 
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Table 2-3.  (Continued).   
 
----------------------------------------------------- MONTH=AUGUST ----------------------------------------------------- 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
THREADFIN SHAD          179.15      66.60       0.23         34.27      40.80    0.04597         97.55           56.75 
BLUEBACK HERRING         65.22      24.24       0.21         31.86      24.81    0.05743         15.59           -9.22 
YELLOW PERCH              8.52       3.17       0.06          9.33       2.06    0.01417          4.41            2.35 
BLUEGILL                  7.88       2.93       0.02          3.49       1.55    0.00567          4.77            3.22 
WHITE CATFISH             4.04       1.50       0.05          7.37       0.78    0.00892          2.48            1.70 
BLACK CRAPPIE             1.91       0.71       0.01          1.74       1.91    0.01147         -1.91           -3.83 
BROWN BULLHEAD            0.71       0.26       0.05          7.20       0.22    0.01614          0.26            0.03 
CHANNEL CATFISH           0.62       0.23       0.00          0.32       0.62    0.00211         -0.62           -1.24 
WHITE CRAPPIE             0.35       0.13       0.01          0.96       0.35    0.00628         -0.35           -0.70 
SPOTTED BASS              0.22       0.08       0.00          0.02       0.22    0.00012         -0.22           -0.43 
GIZZARD SHAD              0.19       0.07       0.02          3.18       0.06    0.00744          0.07            0.02 
WARMOUTH                  0.11       0.04       0.00          0.13       0.07    0.00050         -0.02           -0.09 
REDBREAST SUNFISH         0.09       0.03       0.00          0.13       0.09    0.00083         -0.09           -0.17 
BLACK BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
BLACKBANDED DARTR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
CARP                      0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
COOSA BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
FLATHEAD CATFISH          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
GOLDEN SHINER             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
     260.75           301.55            0.13              0.09              0.32              0.36            5 
     114.84           139.65            0.09              0.04              0.32              0.38            5 
      12.63            14.69            0.03              0.02              0.09              0.10            5 
      10.99            12.54            0.01              0.01              0.03              0.04            5 
       5.60             6.38            0.03              0.02              0.07              0.08            5 
       5.74             7.65           -0.01             -0.02              0.03              0.05            5 
       1.15             1.38            0.02              0.00              0.08              0.10            5 
       1.86             2.47            0.00              0.00              0.01              0.01            5 
       1.04             1.39           -0.01             -0.01              0.02              0.03            5 
       0.65             0.86            0.00              0.00              0.00              0.00            5 
       0.30             0.36            0.01              0.00              0.04              0.04            5 
       0.24             0.30            0.00              0.00              0.00              0.00            5 
       0.26             0.35            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
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Table 2-3.  (Continued).   
 
----------------------------------------------------- MONTH=AUGUST ----------------------------------------------------- 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
GREEN SUNFISH             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
HYBRID BASS               0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LARGEMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LONGNOSE GAR              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
NORTHERN HOGSUCKR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
RAINBOW TROUT             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SILVER REDHORSE           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SMALLMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SNAIL BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SPOTTAIL SHINER           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
STRIPED BASS              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
TESSELATED DARTR          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WALLEYE                   0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE PERCH               0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITEFIN SHINER           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
YELLOW BULLHEAD           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
                    -----------   -------   ------------   -------                         -------------   ------------- 
     MON                269.01      99.99       0.66        100.00                              121.92           48.39 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
-------------    -------------    --------------    --------------    --------------    -------------- 
     416.05           489.57            0.30              0.15              1.01              1.19 
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Table 2-3.  (Continued). 
 
--------------------------------------------------- MONTH=SEPTEMBER ---------------------------------------------------- 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
THREADFIN SHAD           99.82      78.33       0.12         20.60      52.90    0.05467         -5.98          -58.89 
BROWN BULLHEAD            7.41       5.81       0.10         17.95       4.24    0.06477         -1.08           -5.33 
BLUEBACK HERRING          6.65       5.22       0.07         13.00       3.47    0.03643         -0.29           -3.76 
WHITE CATFISH             6.40       5.02       0.13         22.46       1.79    0.02936          2.83            1.04 
YELLOW PERCH              3.42       2.68       0.03          5.57       0.61    0.00397          2.19            1.57 
BLUEGILL                  3.00       2.36       0.01          1.81       0.59    0.00207          1.83            1.25 
CHANNEL CATFISH           0.26       0.21       0.00          0.35       0.16    0.00182         -0.05           -0.21 
GIZZARD SHAD              0.21       0.16       0.02          2.73       0.11    0.00584          0.00           -0.11 
CARP                      0.11       0.09       0.07         12.52       0.06    0.04101          0.00           -0.06 
WARMOUTH                  0.08       0.06       0.00          0.04       0.05    0.00016         -0.02           -0.07 
WHITE PERCH               0.06       0.04       0.01          1.22       0.04    0.00444         -0.02           -0.05 
LARGEMOUTH BASS           0.03       0.02       0.01          1.75       0.03    0.00986         -0.03           -0.05 
BLACK BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
BLACK CRAPPIE             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
BLACKBANDED DARTR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
COOSA BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
FLATHEAD CATFISH          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
GOLDEN SHINER             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
GREEN SUNFISH             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
     205.63           258.53            0.01             -0.05              0.23              0.28            7 
      15.90            20.14           -0.03             -0.09              0.23              0.30            7 
      13.59            17.06            0.00             -0.04              0.15              0.18            7 
       9.97            11.75            0.07              0.04              0.18              0.21            7 
       4.65             5.26            0.02              0.02              0.04              0.04            7 
       4.18             4.76            0.01              0.00              0.01              0.02            7 
       0.58             0.73            0.00              0.00              0.01              0.01            7 
       0.42             0.53            0.00              0.00              0.03              0.03            7 
       0.22             0.28           -0.01             -0.05              0.15              0.19            7 
       0.18             0.23            0.00              0.00              0.00              0.00            7 
       0.13             0.17            0.00             -0.01              0.02              0.02            7 
       0.08             0.11           -0.01             -0.02              0.03              0.04            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
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Table 2-3.  (Continued). 
 
--------------------------------------------------- MONTH=SEPTEMBER ---------------------------------------------------- 
                                                      (continued) 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
HYBRID BASS               0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LONGNOSE GAR              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
NORTHERN HOGSUCKR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
RAINBOW TROUT             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
REDBREAST SUNFISH         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SILVER REDHORSE           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SMALLMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SNAIL BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SPOTTAIL SHINER           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SPOTTED BASS              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
STRIPED BASS              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
TESSELATED DARTR          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WALLEYE                   0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE CRAPPIE             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITEFIN SHINER           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
YELLOW BULLHEAD           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
                    -----------   -------   ------------   -------                         -------------   ------------- 
     MON                127.45     100.00       0.57        100.00                               -0.62          -64.67 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
       0.00             0.00            0.00              0.00              0.00              0.00            7 
-------------    -------------    --------------    --------------    --------------    -------------- 
     255.53           319.55            0.06             -0.20              1.08              1.32 
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Table 2-3.  (Continued). 
 
---------------------------------------------------- MONTH=OCTOBER ----------------------------------------------------- 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
WHITE CATFISH            34.36      39.58       0.46         54.73       7.94    0.11204         18.48           10.55 
THREADFIN SHAD           25.23      29.06       0.04          4.39       3.53    0.00441         18.16           14.63 
BLUEBACK HERRING         22.13      25.49       0.30         35.89       5.70    0.07308         10.73            5.02 
YELLOW PERCH              2.87       3.30       0.02          2.35       0.72    0.00345          1.43            0.72 
BLUEGILL                  1.46       1.68       0.00          0.55       0.65    0.00283          0.16           -0.49 
BROWN BULLHEAD            0.76       0.88       0.02          2.09       0.41    0.00950         -0.05           -0.46 
BLACK BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
BLACK CRAPPIE             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
BLACKBANDED DARTR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
CARP                      0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
CHANNEL CATFISH           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
COOSA BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
FLATHEAD CATFISH          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
GIZZARD SHAD              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
GOLDEN SHINER             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
GREEN SUNFISH             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
HYBRID BASS               0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LARGEMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LONGNOSE GAR              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
 
      50.24            58.17            0.24              0.13              0.69              0.80            5 
      32.30            35.83            0.03              0.02              0.05              0.05            5 
      33.53            39.24            0.16              0.08              0.45              0.52            5 
       4.30             5.02            0.01              0.01              0.03              0.03            5 
       2.76             3.41            0.00              0.00              0.01              0.01            5 
       1.57             1.98            0.00             -0.01              0.04              0.05            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
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Table 2-3.  (Continued).  
 
---------------------------------------------------- MONTH=OCTOBER ----------------------------------------------------- 
                                                      (continued) 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
 
NORTHERN HOGSUCKR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
RAINBOW TROUT             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
REDBREAST SUNFISH         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SILVER REDHORSE           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SMALLMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SNAIL BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SPOTTAIL SHINER           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SPOTTED BASS              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
STRIPED BASS              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
TESSELATED DARTR          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WALLEYE                   0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WARMOUTH                  0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE CRAPPIE             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE PERCH               0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITEFIN SHINER           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
YELLOW BULLHEAD           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
                    -----------   -------   ------------   -------                         -------------   ------------- 
     MON                 86.81      99.99       0.84        100.00                               48.91           29.97 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
       0.00             0.00            0.00              0.00              0.00              0.00            5 
-------------    -------------    --------------    --------------    --------------    -------------- 
     124.70           143.65            0.44              0.23              1.27              1.46 
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Table 2-3.  (Continued). 
 
---------------------------------------------------- MONTH=NOVEMBER ---------------------------------------------------- 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
 
THREADFIN SHAD          528.65      94.99       0.29         42.50     221.66    0.07575         85.33         -136.32 
WHITE CATFISH            14.73       2.65       0.17         24.80       1.70    0.01953         11.33            9.63 
CHANNEL CATFISH           4.66       0.84       0.06          9.05       3.48    0.02925         -2.31           -5.79 
BLUEBACK HERRING          4.41       0.79       0.07          9.85       1.08    0.01536          2.25            1.16 
YELLOW PERCH              1.91       0.34       0.03          4.31       0.42    0.00565          1.07            0.65 
BLUEGILL                  0.68       0.12       0.01          0.84       0.08    0.00235          0.52            0.45 
FLATHEAD CATFISH          0.60       0.11       0.01          2.04       0.36    0.00793         -0.11           -0.47 
BLACK CRAPPIE             0.35       0.06       0.02          2.59       0.17    0.00639          0.01           -0.16 
WHITE PERCH               0.22       0.04       0.01          1.15       0.13    0.00467         -0.03           -0.16 
BROWN BULLHEAD            0.18       0.03       0.00          0.08       0.18    0.00057         -0.18           -0.35 
GIZZARD SHAD              0.13       0.02       0.01          2.09       0.08    0.00934         -0.03           -0.11 
SPOTTED BASS              0.05       0.01       0.00          0.69       0.05    0.00468         -0.05           -0.10 
BLACK BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
BLACKBANDED DARTR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
CARP                      0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
COOSA BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
GOLDEN SHINER             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
GREEN SUNFISH             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
HYBRID BASS               0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
 
     971.96          1193.62            0.14              0.06              0.44              0.52            4 
      18.12            19.82            0.13              0.11              0.21              0.23            4 
      11.63            15.11            0.00             -0.03              0.12              0.15            4 
       6.58             7.66            0.04              0.02              0.10              0.11            4 
       2.75             3.17            0.02              0.01              0.04              0.05            4 
       0.83             0.91            0.00              0.00              0.01              0.01            4 
       1.31             1.67            0.00             -0.01              0.03              0.04            4 
       0.70             0.87            0.00              0.00              0.03              0.04            4 
       0.47             0.59            0.00             -0.01              0.02              0.02            4 
       0.53             0.71            0.00              0.00              0.00              0.00            4 
       0.28             0.36            0.00             -0.01              0.03              0.04            4 
       0.14             0.19            0.00             -0.01              0.01              0.02            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
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Table 2-3.  (Continued). 
 
---------------------------------------------------- MONTH=NOVEMBER ---------------------------------------------------- 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
 
LARGEMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LONGNOSE GAR              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
NORTHERN HOGSUCKR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
RAINBOW TROUT             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
REDBREAST SUNFISH         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SILVER REDHORSE           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SMALLMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SNAIL BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SPOTTAIL SHINER           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
STRIPED BASS              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
TESSELATED DARTR          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WALLEYE                   0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WARMOUTH                  0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE CRAPPIE             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITEFIN SHINER           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
YELLOW BULLHEAD           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
                    -----------   -------   ------------   -------                         -------------   ------------- 
     MON                556.57     100.00       0.68         99.99                               97.80         -131.57 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
-------------    -------------    --------------    --------------    --------------    -------------- 
    1015.30          1244.68            0.33              0.13              1.04              1.23 
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Table 2-3.  (Continued). 
 
---------------------------------------------------- MONTH=DECEMBER ---------------------------------------------------- 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
 
THREADFIN SHAD           13.28      40.62       0.02          7.56       5.03    0.00932          3.21           -1.82 
YELLOW PERCH              7.69      23.51       0.03         11.56       2.33    0.00691          3.02            0.69 
WHITE CATFISH             5.64      17.25       0.10         36.39       1.15    0.04336          3.34            2.18 
BROWN BULLHEAD            2.44       7.46       0.03          9.90       1.29    0.01571         -0.14           -1.43 
BLUEBACK HERRING          2.11       6.45       0.02          7.37       0.98    0.00807          0.14           -0.84 
BLUEGILL                  0.41       1.25       0.00          1.38       0.20    0.00293          0.01           -0.19 
SPOTTAIL SHINER           0.27       0.81       0.00          0.14       0.27    0.00039         -0.27           -0.53 
CHANNEL CATFISH           0.24       0.75       0.01          3.64       0.14    0.00636         -0.04           -0.18 
FLATHEAD CATFISH          0.12       0.37       0.00          0.63       0.12    0.00175         -0.12           -0.24 
SNAIL BULLHEAD            0.12       0.37       0.00          0.71       0.12    0.00197         -0.12           -0.24 
GIZZARD SHAD              0.10       0.31       0.01          4.24       0.06    0.00689         -0.02           -0.07 
BLACK CRAPPIE             0.09       0.27       0.00          0.59       0.09    0.00164         -0.09           -0.18 
WARMOUTH                  0.08       0.24       0.00          0.09       0.08    0.00025         -0.08           -0.16 
CARP                      0.06       0.18       0.03         10.21       0.06    0.02846         -0.06           -0.12 
SILVER REDHORSE           0.05       0.15       0.02          5.60       0.05    0.01561         -0.05           -0.10 
BLACK BULLHEAD            0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
BLACKBANDED DARTR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
COOSA BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
GOLDEN SHINER             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
 
      23.35            28.38            0.00             -0.01              0.04              0.05            4 
      12.35            14.69            0.02              0.01              0.05              0.05            4 
       7.95             9.10            0.01             -0.03              0.19              0.23            4 
       5.02             6.31            0.00             -0.02              0.06              0.07            4 
       4.08             5.06            0.00              0.00              0.04              0.04            4 
       0.81             1.01            0.00              0.00              0.01              0.01            4 
       0.80             1.06            0.00              0.00              0.00              0.00            4 
       0.53             0.67            0.00             -0.01              0.02              0.03            4 
       0.37             0.49            0.00              0.00              0.01              0.01            4 
       0.37             0.49            0.00              0.00              0.01              0.01            4 
       0.22             0.27            0.00             -0.01              0.03              0.03            4 
       0.26             0.35            0.00              0.00              0.00              0.01            4 
       0.24             0.32            0.00              0.00              0.00              0.00            4 
       0.17             0.23           -0.03             -0.06              0.09              0.11            4 
       0.15             0.20           -0.02             -0.03              0.05              0.06            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
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Table 2-3.  (Continued). 
 
---------------------------------------------------- MONTH=DECEMBER ---------------------------------------------------- 
 
                                  PERCENT                  PERCENT   STANDARD   STANDARD     MEAN MINUS      MEAN MINUS 
                    ENTRAINMENT      BY      ENTRAINMENT      BY       ERROR      ERROR      2 STANDARD      3 STANDARD 
NAME                RATE (#/HR)    NUMBER   RATE (KG/HR)     MASS     (#/HR)     (KG/HR)   ERRORS (#/HR)   ERRORS (#/HR) 
 
GREEN SUNFISH             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
HYBRID BASS               0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LARGEMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
LONGNOSE GAR              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
NORTHERN HOGSUCKR         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
RAINBOW TROUT             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
REDBREAST SUNFISH         0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SMALLMOUTH BASS           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
SPOTTED BASS              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
STRIPED BASS              0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
TESSELATED DARTR          0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WALLEYE                   0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE BASS                0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE CRAPPIE             0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITE PERCH               0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
WHITEFIN SHINER           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
YELLOW BULLHEAD           0.00       0.00       0.00          0.00       0.00    0.00000          0.00            0.00 
                    -----------   -------   ------------   -------                         -------------   ------------- 
     MON                 32.70      99.99       0.27        100.01                                8.73           -3.23 
 
  MEAN PLUS        MEAN PLUS        MEAN MINUS        MEAN MINUS         MEAN PLUS         MEAN PLUS       NUMBER 
  2 STANDARD       3 STANDARD       2 STANDARD        3 STANDARD        2 STANDARD        3 STANDARD         OF 
ERRORS (#/HR)    ERRORS (#/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    ERRORS (KG/HR)    SAMPLES 
 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
       0.00             0.00            0.00              0.00              0.00              0.00            4 
-------------    -------------    --------------    --------------    --------------    -------------- 
      56.67            68.63           -0.02             -0.16              0.60              0.71 
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Table 2-4.  Mean annual entrainment rate calculated as mean of each mean monthly entrainment rate for all 12 months 
 
                 MEAN ANNUAL                    MEAN ANNUAL 
                 ENTRAINMENT     PERCENT OF     ENTRAINMENT    PERCENT OF 
NAME               (#/HR)       TOTAL (#/HR)     (KG/HR)      TOTAL (KG/HR) 
 
THREADFIN SHAD     765.425          87.286        0.10249          14.089 
BLUEBACK HERRING    58.361           6.655        0.20456          28.119 
YELLOW PERCH        36.596           4.173        0.16146          22.194 
WHITE CATFISH        6.301           0.718        0.08053          11.070 
BLUEGILL             2.894           0.330        0.01003           1.379 
WHITE PERCH          2.074           0.237        0.03780           5.196 
BLACK CRAPPIE        2.010           0.229        0.01205           1.656 
BROWN BULLHEAD       1.185           0.135        0.02400           3.299 
CHANNEL CATFISH      0.605           0.069        0.01043           1.434 
WHITE CRAPPIE        0.378           0.043        0.00521           0.716 
SPOTTAIL SHINER      0.375           0.043        0.00138           0.190 
GIZZARD SHAD         0.130           0.015        0.01410           1.938 
CARP                 0.100           0.011        0.03084           4.239 
YELLOW BULLHEAD      0.084           0.010        0.00349           0.480 
WARMOUTH             0.083           0.009        0.00059           0.081 
FLATHEAD CATFISH     0.062           0.007        0.00136           0.187 
HYBRID BASS          0.053           0.006        0.01456           2.001 
BLACK BULLHEAD       0.036           0.004        0.00041           0.056 
SPOTTED BASS         0.026           0.003        0.00041           0.056 
GREEN SUNFISH        0.016           0.002        0.00009           0.012 
SNAIL BULLHEAD       0.014           0.002        0.00017           0.024 
GOLDEN SHINER        0.013           0.002        0.00005           0.007 
STRIPED BASS         0.013           0.001        0.00189           0.260 
REDBREAST SUNFISH    0.012           0.001        0.00018           0.025 
SILVER REDHORSE      0.012           0.001        0.00415           0.571 
TESSELATED DARTER    0.010           0.001        0.00011           0.015 
BLACKBANDED DARTER   0.007           0.001        0.00000           0.000 
WHITEFIN SHINER      0.007           0.001        0.00002           0.003 
RAINBOW TROUT        0.006           0.001        0.00116           0.160 
LARGEMOUTH BASS      0.005           0.001        0.00170           0.234 
SMALLMOUTH BASS      0.005           0.001        0.00000           0.000 
NORTHERN HOGSUCKER   0.004           0.000        0.00000           0.000 
WHITE BASS           0.004           0.000        0.00072           0.099 
WALLEYE              0.003           0.000        0.00000           0.000 
LONGNOSE GAR         0.003           0.000        0.00130           0.179 
COOSA BASS           0.001           0.000        0.00023           0.031 
               ===========    ============    ===========    ============= 
                   876.914         100.000        0.72747         100.000 
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Table 2-5. (Continued).   Summaries of numbers of fish greater than or equal to 1.5-inches long estimated to have passed during conventional generation 
during Phase III and projected to pass during the Phase III months (April - October) of a wet water year (25 percent exceedance), average water year (50 
percent exceedance),  and dry water year (75 percent exceedance) based on PrePhase III netting.   Data are not adjusted for passage survival.   
 
                              PHASE III    PHASE III     PHASE III   PHASE III    PHASE III     PHASE III 
                   PHASE III   PERCENT      PLUS 2        PLUS 3       TOTAL       PLUS 2        PLUS 3     PROJECTED 
                     TOTAL        BY     STAND. ERROR  STAND. ERROR   BIOMASS   STAND. ERROR  STAND. ERROR   WET YEAR 
NAME                 NUMBER     NUMBER      NUMBER        NUMBER         KG          KG            KG         NUMBER 
THREADFIN SHAD       172960    48.3080      314923        385904         230         408           496        195145 
BLUEBACK HERRING      79477    22.1981      141217        172087         451         759           913         55960 
YELLOW PERCH          52053    14.5385       73367         84023         247         330           371         19414 
WHITE CATFISH         20695     5.7803       31010         36167         284         424           494         21828 
BLUEGILL              10214     2.8529       15519         18171          35          55            65          8550 
BLACK CRAPPIE          8252     2.3049       19195         24667          42          96           122          4403 
BROWN BULLHEAD         4876     1.3618        9582         11935         109         219           274          6168 
WHITE PERCH            5229     1.4605        8152          9613          94         148           174           168 
WHITE CRAPPIE          1160     0.3239        2654          3402          16          37            47           438 
CHANNEL CATFISH         693     0.1937        1655          2136          10          26            34           520 
 
  WET YEAR      WET YEAR    WET YEAR    WET YEAR      WET YEAR                                  AVE YEAR      AVE YEAR 
   PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3       PROJECTED      PERCENT       PLUS 2        PLUS 3 
STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR  AVERAGE YEAR  AVERAGE YEAR  STAND. ERROR  STAND. ERROR 
   NUMBER        NUMBER        KG          KG            KG          NUMBER        NUMBER        NUMBER        NUMBER 
   352143        430642        247         425           514         255423         51.939       464346         568807 
    98598        119917        369         612           734         103350         21.016       182795         222518 
    27179         31061        120         158           177          61515         12.509        86771          99399 
    32661         38077        309         461           536          29205          5.939        43766          51047 
    12935         15128         28          45            54          13946          2.836        21126          24715 
    11210         14614         23          57            75           9894          2.012        23435          30206 
    12266         15315        128         258           323           7464          1.518        14724          18353 
      332           414          6          14            18           5447          1.108         8543          10091 
     1196          1576          6          18            24           1376          0.280         3206           4121 
     1436          1894          3           8            11            918          0.187         2271           2948 
 
AVE YEAR    AVE YEAR      AVE YEAR                 DRY YEAR      DRY YEAR    DRY YEAR    DRY YEAR      DRY YEAR 
  TOTAL      PLUS 2        PLUS 3     PROJECTED     PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3 
 BIOMASS  STAND. ERROR  STAND. ERROR   DRY YEAR  STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR 
   KG          KG            KG         NUMBER      NUMBER        NUMBER        KG          KG            KG 
   335         589           716        292599       535605        657108       394         704           859 
   602        1007          1210        141095       247530        300747       767        1282          1539 
   301         402           452        100747       143026        164165       460         618           698 
   405         605           704         33375        50056         58397       459         686           799 
    47          74            88         18371        27684         32340        61          96           113 
    50         117           151         13409        31100         39945        68         154           197 
   163         327           409          8297        16383         20427       183         367           459 
   100         158           187         10515        16526         19531       191         300           354 
    19          45            58          2289         5055          6438        31          71            90 
    11          31            41          1236         2903          3736        20          55            73 
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Table 2-5.  (Continued). 
 
                              PHASE III    PHASE III     PHASE III   PHASE III    PHASE III     PHASE III 
                   PHASE III   PERCENT      PLUS 2        PLUS 3       TOTAL       PLUS 2        PLUS 3     PROJECTED 
                     TOTAL        BY     STAND. ERROR  STAND. ERROR   BIOMASS   STAND. ERROR  STAND. ERROR   WET YEAR 
NAME                 NUMBER     NUMBER      NUMBER        NUMBER         KG          KG            KG         NUMBER 
 
CARP                    495     0.1382         916          1126         147         276           341           528 
GIZZARD SHAD            431     0.1205         740           895          47          78            94           469 
YELLOW BULLHEAD         290     0.0811         871          1161          17          51            68           313 
SPOTTAIL SHINER         320     0.0893         581           712           1           3             3            27 
WARMOUTH                248     0.0693         565           723           2           4             5           182 
SPOTTED BASS            114     0.0317         341           454           0           0             0           121 
BLACK BULLHEAD          100     0.0279         288           383           1           3             4            30 
GREEN SUNFISH            68     0.0189         199           264           0           1             1            43 
HYBRID BASS              78     0.0217         185           239          24          59            77             0 
REDBREAST SUNFISH        49     0.0136         146           194           1           2             2            45 
 
  WET YEAR      WET YEAR    WET YEAR    WET YEAR      WET YEAR                                  AVE YEAR      AVE YEAR 
   PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3       PROJECTED      PERCENT       PLUS 2        PLUS 3 
STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR  AVERAGE YEAR  AVERAGE YEAR  STAND. ERROR  STAND. ERROR 
   NUMBER        NUMBER        KG          KG            KG          NUMBER        NUMBER        NUMBER        NUMBER 
 
      959          1174        161         299           367            720          0.146         1324           1626 
      793           955         50          81            97            632          0.128         1080           1304 
      938          1250         18          55            73            424          0.086         1273           1698 
       62            80          0           0             0            345          0.070          627            768 
      413           529          1           3             3            330          0.067          751            962 
      364           485          0           0             0            164          0.033          492            655 
       89           118          0           1             1            114          0.023          330            438 
      128           171          0           1             1             85          0.017          251            334 
        0             0          0           0             0             80          0.016          194            250 
      135           179          0           1             2             69          0.014          206            274 
 
AVE YEAR    AVE YEAR      AVE YEAR                 DRY YEAR      DRY YEAR    DRY YEAR    DRY YEAR      DRY YEAR 
  TOTAL      PLUS 2        PLUS 3     PROJECTED     PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3 
 BIOMASS  STAND. ERROR  STAND. ERROR   DRY YEAR  STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR 
   KG          KG            KG         NUMBER      NUMBER        NUMBER        KG          KG            KG 
 
   216         403           497           805         1494          1838       242         456           564 
    68         113           136           724         1256          1523        79         132           159 
    25          75           100           467         1400          1867        27          82           109 
     1           3             4           674         1189          1447         3           5             7 
     2           6             7           456         1039          1331         4           8            10 
     0           0             1           185          554           739         0           0             1 
     1           3             4           194          556           737         2           5             7 
     0           1             2           114          331           440         1           2             2 
    25          62            81           160          392           508        51         127           165 
     1           2             3            88          264           352         1           4             5 







 
  -37 


Table 2-5.  (Continued). 
 
                              PHASE III    PHASE III     PHASE III   PHASE III    PHASE III     PHASE III 
                   PHASE III   PERCENT      PLUS 2        PLUS 3       TOTAL       PLUS 2        PLUS 3     PROJECTED 
                     TOTAL        BY     STAND. ERROR  STAND. ERROR   BIOMASS   STAND. ERROR  STAND. ERROR   WET YEAR 
NAME                 NUMBER     NUMBER      NUMBER        NUMBER         KG          KG            KG         NUMBER 
 
RAINBOW TROUT            32     0.0089          69            87           6          14            17            34 
WHITEFIN SHINER          31     0.0087          93           124           0           0             0            30 
TESSELATED DARTR         33     0.0091          67            84           0           1             1             0 
SILVER REDHORSE          25     0.0070          60            78           9          22            29             0 
NORTHERN HOGSUCKR        20     0.0055          59            79           0           0             0            10 
SNAIL BULLHEAD           19     0.0054          58            77           0           0             0            10 
GOLDEN SHINER            20     0.0055          52            68           0           0             0             0 
STRIPED BASS             19     0.0052          50            65           1           3             5             0 
LARGEMOUTH BASS          11     0.0032          34            46           4          12            17            16 
SMALLMOUTH BASS          10     0.0027          29            39           0           0             0             0 
 
  WET YEAR      WET YEAR    WET YEAR    WET YEAR      WET YEAR                                  AVE YEAR      AVE YEAR 
   PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3       PROJECTED      PERCENT       PLUS 2        PLUS 3 
STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR  AVERAGE YEAR  AVERAGE YEAR  STAND. ERROR  STAND. ERROR 
   NUMBER        NUMBER        KG          KG            KG          NUMBER        NUMBER        NUMBER        NUMBER 
 
       74            94          7          15            19             47          0.009          101            127 
       89           118          0           0             0             44          0.009          132            176 
        0             0          0           0             0             32          0.007           66             83 
        0             0          0           0             0             25          0.005           60             77 
       31            42          0           0             0             23          0.005           70             93 
       30            41          0           0             0             23          0.005           68             91 
        0             0          0           0             0             22          0.004           57             74 
        0             0          0           0             0             20          0.004           52             68 
       48            64          6          17            23             18          0.004           55             73 
        0             0          0           0             0             11          0.002           32             43 
 
AVE YEAR    AVE YEAR      AVE YEAR                 DRY YEAR      DRY YEAR    DRY YEAR    DRY YEAR      DRY YEAR 
  TOTAL      PLUS 2        PLUS 3     PROJECTED     PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3 
 BIOMASS  STAND. ERROR  STAND. ERROR   DRY YEAR  STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR 
   KG          KG            KG         NUMBER      NUMBER        NUMBER        KG          KG            KG 
 
     9          20            25            51          111           140        10          22            28 
     0           0             1            53          159           212         0           1             1 
     0           1             1            56          116           145         1           1             2 
     9          22            29            45          108           140        17          40            52 
     0           0             0            31           93           124         0           0             0 
     0           0             0            30           90           120         0           0             0 
     0           0             0            48          126           166         0           0             1 
     1           4             5            40          104           135         3           8            11 
     7          20            26            20           60            81         7          22            29 
     0           0             0            24           72            95         0           0             0 
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Table 2-5.  (Concluded). 
 
                              PHASE III    PHASE III     PHASE III   PHASE III    PHASE III     PHASE III 
                   PHASE III   PERCENT      PLUS 2        PLUS 3       TOTAL       PLUS 2        PLUS 3     PROJECTED 
                     TOTAL        BY     STAND. ERROR  STAND. ERROR   BIOMASS   STAND. ERROR  STAND. ERROR   WET YEAR 
NAME                 NUMBER     NUMBER      NUMBER        NUMBER         KG          KG            KG         NUMBER 
 
FLATHEAD CATFISH          5     0.0014          15            21           0           0             0             0 
COOSA BASS                5     0.0013          14            18           1           2             3             0 
WHITE BASS                3     0.0007           8            11           1           2             2             0 
                   =========  =========  ============  ============  =========  ============  ============  ========= 
                     358035    99.9993      622714        755053        1780        3035          3659        314452 
 
  WET YEAR      WET YEAR    WET YEAR    WET YEAR      WET YEAR                                  AVE YEAR      AVE YEAR 
   PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3       PROJECTED      PERCENT       PLUS 2        PLUS 3 
STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR  AVERAGE YEAR  AVERAGE YEAR  STAND. ERROR  STAND. ERROR 
   NUMBER        NUMBER        KG          KG            KG          NUMBER        NUMBER        NUMBER        NUMBER 
 
        0             0          0           0             0              6          0.001           17             23 
        0             0          0           0             0              4          0.001           13             18 
        0             0          0           0             0              3          0.001            9             12 
============  ============  ========  ============  ============  ============  ============  ============  ============ 
   554109        673938       1482        2529          3052         491779        100.000       858243        1041472 
 
AVE YEAR    AVE YEAR      AVE YEAR                 DRY YEAR      DRY YEAR    DRY YEAR    DRY YEAR      DRY YEAR 
  TOTAL      PLUS 2        PLUS 3     PROJECTED     PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3 
 BIOMASS  STAND. ERROR  STAND. ERROR   DRY YEAR  STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR 
   KG          KG            KG         NUMBER      NUMBER        NUMBER        KG          KG            KG 
 
     0           0             1            13           38            51         0           1             1 
     1           2             3             8           24            31         1           4             5 
     1           2             2             6           19            26         1           4             5 
========  ============  ============  =========  ============  ============  ========  ============  ============ 
  2400        4094          4944        626225      1085463       1315082      3084        5257          6345 
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Table 2-6.   (Continued).  Summaries of numbers of fish greater than or equal to 1.5-inches long estimated to have passed during conventional generation during Phase III 
and projected to pass during an annual cycle for a wet water year (25% average water year (50% exceedance), and dry water year (75% exceedance) based on PrePhase III 
net sampling.  Data are not adjusted for passage survival. 
 
                              PHASE III    PHASE III     PHASE III   PHASE III    PHASE III     PHASE III 
                   PHASE III   PERCENT      PLUS 2        PLUS 3       TOTAL       PLUS 2        PLUS 3     PROJECTED 
                     TOTAL        BY     STAND. ERROR  STAND. ERROR   BIOMASS   STAND. ERROR  STAND. ERROR   WET YEAR 
NAME                 NUMBER     NUMBER      NUMBER        NUMBER         KG          KG            KG         NUMBER 
THREADFIN SHAD       172960    48.3080      314923        385904         230         408           496       1768672 
BLUEBACK HERRING      79477    22.1981      141217        172087         451         759           913        136327 
YELLOW PERCH          52053    14.5385       73367         84023         247         330           371         57371 
WHITE CATFISH         20695     5.7803       31010         36167         284         424           494         27289 
BLUEGILL              10214     2.8529       15519         18171          35          55            65          9253 
BLACK CRAPPIE          8252     2.3049       19195         24667          42          96           122          4605 
BROWN BULLHEAD         4876     1.3618        9582         11935         109         219           274          6728 
WHITE PERCH            5229     1.4605        8152          9613          94         148           174           523 
CHANNEL CATFISH         693     0.1937        1655          2136          10          26            34          1553 
SPOTTAIL SHINER         320     0.0893         581           712           1           3             3           534 
 
  WET YEAR      WET YEAR    WET YEAR    WET YEAR      WET YEAR                                  AVE YEAR      AVE YEAR 
   PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3       PROJECTED      PERCENT       PLUS 2        PLUS 3 
STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR  AVERAGE YEAR  AVERAGE YEAR  STAND. ERROR  STAND. ERROR 
   NUMBER        NUMBER        KG          KG            KG          NUMBER        NUMBER        NUMBER        NUMBER 
   3349035       4139217       367         645           783         3664632       87.5827       6952158       8595921 
    246027        300876       580        1000          1209          281410        6.7255        508974        622756 
     81265         93212       280         410           475          144824        3.4612        204773        234748 
     40288         46788       372         550           639           42118        1.0066         61741         71553 
     14205         16681        32          53            63           15572        0.3722         24062         28307 
     11654         15178        28          68            88           10367        0.2478         24472         31525 
     13409         16749       135         271           339            8785        0.2100         17417         21732 
      1119          1418        13          29            37            6214        0.1485         10242         12256 
      4020          5253        19          44            56            3396        0.0812          8469         11006 
      1101          1384         2           4             5            1494        0.0357          2998          3750 
 
AVE YEAR    AVE YEAR      AVE YEAR                 DRY YEAR      DRY YEAR    DRY YEAR    DRY YEAR      DRY YEAR 
  TOTAL      PLUS 2        PLUS 3     PROJECTED     PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3 
 BIOMASS  STAND. ERROR  STAND. ERROR   DRY YEAR  STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR 
   KG          KG            KG         NUMBER      NUMBER        NUMBER        KG          KG            KG 
   615        1098          1339       5169590      9819750      12144830       777        1407           1722 
  1078        1879          2280        399854       721153        881803      1461        2549           3094 
   652         954          1105        227301       323434        371501      1004        1474           1710 
   554         816           947         50756        74428         86264       659         972           1128 
    55          92           111         20704        31914         37519        73         121            145 
    62         141           181         14075        32563         41807        84         187            239 
   178         358           448         10143        20140         25138       203         411            514 
   115         191           229         11699        19150         22875       214         350            417 
    51         116           148          4448        10941         14188        73         168            216 
     5          11            13          2388         4687          5837         9          17             21 
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Table 2-6.  (Continued). 
 
                              PHASE III    PHASE III     PHASE III   PHASE III    PHASE III     PHASE III 
                   PHASE III   PERCENT      PLUS 2        PLUS 3       TOTAL       PLUS 2        PLUS 3     PROJECTED 
                     TOTAL        BY     STAND. ERROR  STAND. ERROR   BIOMASS   STAND. ERROR  STAND. ERROR   WET YEAR 
NAME                 NUMBER     NUMBER      NUMBER        NUMBER         KG          KG            KG         NUMBER 
 
WHITE CRAPPIE          1160     0.3239        2654          3402          16          37            47           438 
GIZZARD SHAD            431     0.1205         740           895          47          78            94           561 
CARP                    495     0.1382         916          1126         147         276           341           540 
YELLOW BULLHEAD         290     0.0811         871          1161          17          51            68           379 
WARMOUTH                248     0.0693         565           723           2           4             5           220 
FLATHEAD CATFISH          5     0.0014          15            21           0           0             0           145 
SPOTTED BASS            114     0.0317         341           454           0           0             0           131 
HYBRID BASS              78     0.0217         185           239          24          59            77            42 
BLACK BULLHEAD          100     0.0279         288           383           1           3             4            34 
GREEN SUNFISH            68     0.0189         199           264           0           1             1            43 
 
  WET YEAR      WET YEAR    WET YEAR    WET YEAR      WET YEAR                                  AVE YEAR      AVE YEAR 
   PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3       PROJECTED      PERCENT       PLUS 2        PLUS 3 
STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR  AVERAGE YEAR  AVERAGE YEAR  STAND. ERROR  STAND. ERROR 
   NUMBER        NUMBER        KG          KG            KG          NUMBER        NUMBER        NUMBER        NUMBER 
 
      1196          1576         6          18            24            1376        0.0329          3206          4121 
      1013          1239        60         105           128             845        0.0202          1589          1961 
       994          1221       167         316           391             748        0.0179          1407          1736 
      1109          1474        19          57            76             585        0.0140          1688          2240 
       513           659         1           3             4             421        0.0101           989          1273 
       338           434         3           7             9             353        0.0084           825          1061 
       393           524         1           3             4             187        0.0045           561           748 
       111           145         9          23            30             172        0.0041           437           570 
       103           138         0           1             2             124        0.0030           361           480 
       128           171         0           1             1              85        0.0020           251           334 
 
AVE YEAR    AVE YEAR      AVE YEAR                 DRY YEAR      DRY YEAR    DRY YEAR    DRY YEAR      DRY YEAR 
  TOTAL      PLUS 2        PLUS 3     PROJECTED     PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3 
 BIOMASS  STAND. ERROR  STAND. ERROR   DRY YEAR  STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR 
   KG          KG            KG         NUMBER      NUMBER        NUMBER        KG          KG            KG 
 
    19          45            58          2289         5055          6438        31          71             90 
    91         168           207          1027         1981          2459       111         211            262 
   229         444           552           843         1610          1993       261         514            640 
    27          80           106           698         1998          2649        30          89            119 
     3           6             8           586         1378          1773         4           9             11 
     8          17            22           465         1096          1411        10          23             29 
     2           7            10           214          643           858         3           9             12 
    44         111           144           304          774          1009        81         205            267 
     1           4             6           211          607           805         2           7              9 
     0           1             2           114          331           440         1           2              2 







 
  -41 


Table 2-6.  (Continued). 
 
                              PHASE III    PHASE III     PHASE III   PHASE III    PHASE III     PHASE III 
                   PHASE III   PERCENT      PLUS 2        PLUS 3       TOTAL       PLUS 2        PLUS 3     PROJECTED 
                     TOTAL        BY     STAND. ERROR  STAND. ERROR   BIOMASS   STAND. ERROR  STAND. ERROR   WET YEAR 
NAME                 NUMBER     NUMBER      NUMBER        NUMBER         KG          KG            KG         NUMBER 
 
SNAIL BULLHEAD           19     0.0054          58            77           0           0             0            35 
REDBREAST SUNFISH        49     0.0136         146           194           1           2             2            45 
SILVER REDHORSE          25     0.0070          60            78           9          22            29            10 
RAINBOW TROUT            32     0.0089          69            87           6          14            17            34 
GOLDEN SHINER            20     0.0055          52            68           0           0             0             9 
WHITEFIN SHINER          31     0.0087          93           124           0           0             0            30 
STRIPED BASS             19     0.0052          50            65           1           3             5             9 
LARGEMOUTH BASS          11     0.0032          34            46           4          12            17            22 
TESSELATED DARTR         33     0.0091          67            84           0           1             1             0 
NORTHERN HOGSUCKR        20     0.0055          59            79           0           0             0            10 
 
  WET YEAR      WET YEAR    WET YEAR    WET YEAR      WET YEAR                                  AVE YEAR      AVE YEAR 
   PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3       PROJECTED      PERCENT       PLUS 2        PLUS 3 
STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR  AVERAGE YEAR  AVERAGE YEAR  STAND. ERROR  STAND. ERROR 
   NUMBER        NUMBER        KG          KG            KG          NUMBER        NUMBER        NUMBER        NUMBER 
 
       105           140         0           1             2              81        0.0019           243           325 
       135           179         0           1             2              69        0.0016           206           274 
        30            41         3          10            13              49        0.0012           131           173 
        74            94         7          15            19              47        0.0011           101           127 
        27            37         0           0             0              44        0.0010           123           163 
        89           118         0           0             0              44        0.0011           132           176 
        28            37         2           7             9              39        0.0009           111           146 
        66            88         8          23            31              33        0.0008            99           132 
         0             0         0           0             0              32        0.0008            66            83 
        31            42         0           0             0              23        0.0006            70            93 
 
AVE YEAR    AVE YEAR      AVE YEAR                 DRY YEAR      DRY YEAR    DRY YEAR    DRY YEAR      DRY YEAR 
  TOTAL      PLUS 2        PLUS 3     PROJECTED     PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3 
 BIOMASS  STAND. ERROR  STAND. ERROR   DRY YEAR  STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR 
   KG          KG            KG         NUMBER      NUMBER        NUMBER        KG          KG            KG 
 
     1           3             4           112          336           448         1           4              6 
     1           2             3            88          264           352         1           4              5 
    17          45            59            78          209           274        27          72             94 
     9          20            25            51          111           140        10          22             28 
     0           0             1            80          222           293         0           1              1 
     0           0             1            53          159           212         0           1              1 
     6          18            24            72          199           263        10          31             41 
    11          34            45            42          125           166        14          42             57 
     0           1             1            56          116           145         1           1              2 
     0           0             0            31           93           124         0           0              0 
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Table 2-6.  (Concluded). 
 
                              PHASE III    PHASE III     PHASE III   PHASE III    PHASE III     PHASE III 
                   PHASE III   PERCENT      PLUS 2        PLUS 3       TOTAL       PLUS 2        PLUS 3     PROJECTED 
                     TOTAL        BY     STAND. ERROR  STAND. ERROR   BIOMASS   STAND. ERROR  STAND. ERROR   WET YEAR 
NAME                 NUMBER     NUMBER      NUMBER        NUMBER         KG          KG            KG         NUMBER 
 
WHITE BASS                3     0.0007           8            11           1           2             2             5 
SMALLMOUTH BASS          10     0.0027          29            39           0           0             0             0 
COOSA BASS                5     0.0013          14            18           1           2             3             0 
                   =========  =========  ============  ============  =========  ============  ============  ========= 
                     358035    99.9993      622714        755053        1780        3035          3659       2015597 
 
  WET YEAR      WET YEAR    WET YEAR    WET YEAR      WET YEAR                                  AVE YEAR      AVE YEAR 
   PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3       PROJECTED      PERCENT       PLUS 2        PLUS 3 
STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR  AVERAGE YEAR  AVERAGE YEAR  STAND. ERROR  STAND. ERROR 
   NUMBER        NUMBER        KG          KG            KG          NUMBER        NUMBER        NUMBER        NUMBER 
 
        11            14         1           2             2              13        0.0003            32            42 
         0             0         0           0             0              11        0.0003            32            43 
         0             0         0           0             0               4        0.0001            13            18 
============  ============  ========  ============  ============  ============  ============  ============  ============ 
   3768617       4645127      2115        3667          4441         4184197       100.000       7827979       9649873 
 
AVE YEAR    AVE YEAR      AVE YEAR                 DRY YEAR      DRY YEAR    DRY YEAR    DRY YEAR      DRY YEAR 
  TOTAL      PLUS 2        PLUS 3     PROJECTED     PLUS 2        PLUS 3       TOTAL      PLUS 2        PLUS 3 
 BIOMASS  STAND. ERROR  STAND. ERROR   DRY YEAR  STAND. ERROR  STAND. ERROR   BIOMASS  STAND. ERROR  STAND. ERROR 
   KG          KG            KG         NUMBER      NUMBER        NUMBER        KG          KG            KG 
 
     2           6             7            22           57            74         4          10             13 
     0           0             0            24           72            95         0           0              0 
     1           2             3             8           24            31         1           4              5 
========  ============  ============  =========  ============  ============  ========  ============  ============ 
  3837        6670          8089       5918426     11075620      13654214      5160        8988          10900 
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Table 2-7.  RBR creel survey harvest estimates total number by species.  
 


 
YEAR 


 
Striped 
Bass 


 
Hybrid 
Bass 


 
Crappie 


 
Largemouth 


Bass 


 
Yellow 
Perch 


 
White 
Perch  


1984 
 


490 
 


490 
 


6,728 
 


74,664 
 


- 
 


-  
1985 


 
- 


 
2,338* 


 
51,395 


 
111,460 


 
25,633 


 
-  


1986 
 


- 
 


534 
 
162,704 


 
91,202 


 
7,929 


 
-  


1987 
 


- 
 


- 
 
285,709 


 
85,228 


 
3,608 


 
-  


1988 
 


- 
 


25 
 
159,233 


 
86,170 


 
1,118 


 
-  


1989 
 


54 
 


314 
 
119,933 


 
118,689 


 
2,129 


 
-  


1990 
 


403 
 


810 
 
175,488 


 
157,765 


 
5,950 


 
-  


1991 
 
1,103 


 
476 


 
92,421 


 
166,470 


 
3,988 


 
454  


1992 
 
1,492 


 
3,316 


 
175,974 


 
89,670 


 
5,060 


 
292  


1993 
 


341 
 


345 
 
123,251 


 
63,478 


 
7,785 


 
1,883  


1994 
 


252 
 


- 
 
115,744 


 
144,581 


 
4,473 


 
1,570  


1995 
 
2,842 


 
2,616 


 
109,759 


 
102,651 


 
10,003 


 
3,697  


1996 
 
1,881 


 
1,350 


 
51,658 


 
50,505 


 
1,151 


 
3,512 


 
Total 


 
8,368 


 
12,614 


 
1,629,997 


 
1,342,533 


 
78,827 


 
11,399 


 
AVG. 


 
1,046 


 
970 


 
125,384 


 
103,272 


 
6,569 


 
1,900 


 
*   Includes hybrid and striped bass combined. 
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Pumpback Ichthyoplankton and Larval Fish 
Entrainment 
 
Summary 
 


Many fish release their eggs into the water where they  either drift with the 


current or adhere to rocks or other substrates.  These eggs hatch into weak-swimming 


larvae (young fish having a discernable yolk sac).  These younger life stages of fish, 


because they cannot efficiently propel themselves, are particularly susceptible to 


entrainment.   Ichthyoplankton entrainment was estimated during Phase III by collecting 


water directly from the draft tubes of the dam by gravity feed from piping previously 


installed to house pressure sensors.  During pumpback operation water from these pipes 


was sieved through a fine mesh net to separate entrained ichthyoplankton and other coarse 


particulate matter from water passing through the pump units.  Ichthyoplankton were 


keyed to the lowest possible taxonomic level.  Due to damage during collection some fish 


could only be keyed as low as the family level.  Mobile trawl samples were also collected 


in the RBR tailwater to estimate ichthyoplankton temporal and spatial trends.  Samples 


were collected weekly, at four sites, using a fine mesh net towed from a boat.  Mobile 


trawl sampling indicate that ichthyoplankton distribution is patchy with low densities in 


the RBR tailwater (about 1/100m3).  Ichthyoplankton densities were substantially higher 


(about 50/m3) in Russell Creek, a small tributary of JST that discharges into a bay near 


the dam. 


 


Arithmetic mean ichthyoplankton entrainment for Phase III of 124,564,935 


larval fish was dominated by clupeids (111,401,435) including blueback herring, 


threadfin shad, and gizzard shad.  Threadfin shad were the most abundant clupeid with an 


estimated total of 54,806,786.  Projected maximum ichthyoplankton entrainment for dry 


year pumping was estimated at 266,858,067.  Lakewide estimates of ichthyoplankton for 


1996 were not possible because ichthyoplankton samples collected in 1996 were 


restricted to the tailwater.  Whole lake samples were available form 1987, 1988, and 1989 


and provided an estimate of about 160 billion ichthyoplankton occurring in JST during 


the spawning season.  Worst case entrainment of ichthyoplankton during dry season 


operation is estimated at about 0.17 percent of the annual production of ichthyoplankton. 
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Pumpback Ichthyoplankton and Larval Fish 
Entrainment 
 


Introduction 


 


Ichthyoplankton (fish eggs and larvae having a discernable yolk sac) are 


particularly susceptible to entrainment because they cannot efficiently propel themselves. 


  Ichthyoplankton entrainment was estimated from net samples collected during pumpback 


operation at Richard B. Russell Dam from April-September 1996.  The significance of 


ichthyoplankton entrainment was assessed by comparing entrainment to mean whole lake 


ichthyoplankton abundance estimates available fro 1987, 1988, and 1989. 


 


Methods 


 


See Chapter VIII of the “Phase III Testing and Monitoring Data Collection and 


Handling Standard Operating Procedures” provided as Appendix A to this report for the 


details of sampling.  The following text generally summarizes sampling procedures. 


 


Tailwater trawl 
 


Tailwater trawls were collected weekly from April-August 1996.  Thirty minute 


collections were made at each of four stations using a .5 m 500 µ mesh net. Sampling 


station locations were identical to locations used during 1987-1989 surveys. Station 1 


paralleled the buoy line below the dam.  Station 2 was about one mile downstream of the 


dam with station 3 located about 2.5 miles downstream of the dam.  Station 4 was in 


Russell Creek, a small tributary of JST Lake within about 1.0 miles of the dam. 


 


Analysis 


 


Hourly estimated entrainment of ichthyoplankton was calculated using the 


arithmetic mean of the number of fish collected per hour in the samples.  The sample 


estimate was then expanded for the entire amount of water passing through the dam per 


hour.  Monthly estimates were then calculated from the number of hours pumped during 


the month.  Projections of entrainment for minimum, average, and maximum pump years 
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were obtained by multiplying the monthly Phase III hourly entrainment rate by the 


number of hours of pumping estimated for each water year. 


 


Results 


 


Estimated hourly and monthly ichthyoplankton entrainment estimates are 


provided in Table 3-1 and Phase III totals and projections are presented in Table 3-2.  


Only larval fish are included in these estimates because  no eggs were collected in the 


samples.  Estimated monthly entrainment and ±2 and 3 standard errors are provided in 


Tables 3-3, 3-4, 3-5, and 3-6 for Phase III, wet year, average year, and dry year, 


respectively.  Due to damage occurring during netting many clupeids could not be taken 


below family level.  Figure 3-1a, 3-1b, and 3-1c present time lines of estimated numbers 


of larval fish collected per hour by species from April-September.  Figure 3-2a, 3-2b, and 


3-2c show the expanded estimated number of larval fish collected per hour.  The 


expansion factor used to expand the netted volume of water sampled to the volume of 


water passing through the dam was between 120,000 and 134,000. 
 


Number of larval fish collected in tailwater trawls were considerably less than 


observed in 1987 through 1989 varying from less than 1/100m3 in the tailwater to about 


50/m3 in the Russell Creek tributary (Figure 3-3).  Relative loss of ichthyoplankton was 


characterized by  dividing ichthyoplankton entrainment loss by an estimate of total lake 


ichthyoplankton production.  Airthmetic mean number of ichthyoplankton per cubic meter 


was calculated from biweekly samples collected during the spawning season of 1987, 


1988, and 1989.   Total ichthyoplankton production was was calculated with the 


assumption that larval fish recruitment occurs over a three week period.   The 3-week 


density estimates were then summed to generate  ichthyoplankton density estimate for the 


spawning season.   This estimate was then expanded for the total lake volume to give an 


estimate of the number of larval fish produced during the spawning season.   Expansions 


of whole lake surveys conducted in 1987-1989 provided total ichthyoplankton production 


averaging about 160 billion per year with 203 billion in 1987, 100 billion in 1988, and 


177 billion in 1989. 


 


Discussion 


 


Composition of ichthyoplankton collected during 1993 and 1994 (Table 3-7) 
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was similar to collections 1996.  More species were collected in 1996, however, probably 


due to a more efficient effort and increased sampling effort. 


 


Larval fish entrainment at RBR dam was estimated at 124,564,935 for Phase III. 


 Projected entrainment estimates range from 26,732,961 (wet year) to 266,858,067 (dry 


year) (see Ichthyoplankton Entrainment section).  Maximum impact on the larval fish 


population of JST during a dry water year form 1987, 1988, and 1989 baseline estimates 


are 0.13, 0.27, and 0.0.15 percent of the whole lake estimates, respectively. 


 


There were differences in tailwater ichthyoplankton densities between the 1987-


1989 surveys and the 1996 survey.  Phase III operation of RBR Dam involved 


considerably more generation and pumpback than during the surveys of the late 1980's.  


Consequently, the constant flushing of the tailwater by RBR dam would reduce 


ichthyoplankton densities.  Zimpfer (1990) indicates that operation of RBR dam was 


responsible for the decrease in ichthyoplankton near the dam. 
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Table 3-1. Estimated ichthyoplankton entrainment during April-September 1996 at RBR dam, and estimated 
entrainment for dry, average, and wet years, using arithmetic means. 
 
 


 
 
 


 
#/hour 


 
Phase III 


 
Minimum 


 
Average 


 
Maximum 


 
 


 
Pump hours 


 
 


 
162.1 


 
34 


 
309 


 
497 


 
 


April 


 
Dorosoma sp. 


 
1187.9 


 
192,561 


 
40,389 


 
367065 


 
590,393 


 
Threadfin shad 


 
1187.9 


 
192,561 


 
40,389 


 
367065 


 
590,393 


 
Yellow perch 


 
3088.2 


 
500,604 


 
105,000 


 
954267 


 
1,534,856 


 
 


 


 


 


May 


 
Pump hours 


 
 


 
292.4 


 
35 


 
390 


 
549 


 
Clupeid 


 
101,092.4 


 
29,559,412 


 
3,538,233 


 
39,426,028 


 
55,499,716 


 
Blueback herring 


 
2140.7 


 
625,937 


 
74,924 


 
834,869 


 
1,175,238 


 
Threadfin shad 


 
46,661.0 


 
13,643,666 


 
1,633,134 


 
18,197,776 


 
25,616,870 


 
Bluegill 


 
164.2 


 
48,020 


 
5748 


 
64,049 


 
90,161 


 
Yellow perch 


 
8562.2 


 
2,503,581 


 
299,676 


 
3,339,250 


 
4,700,636 


 
 


 


 


 


 


 


 


 


 


June 


 
Pump hours 


 
 


 
259.6 


 
69 


 
497 


 
634 


 
Clupeid 


 
48,837.3 


 
12,678,156 


 
3,369,772 


 
24,272,124 


 
30,962,830 


 
Blueback herring 


 
12,831.1 


 
3,330,943 


 
885,343 


 
6,377,037 


 
8,134,892 


 
Threadfin shad 


 
142,011.1 


 
36,866,090 


 
9,798,768 


 
70,579,532 


 
90,035,057 


 
Gizzard shad 


 
29,603.4 


 
7,685,036 


 
2,042,633 


 
14,712,877 


 
18,768,540 


 
Lepomis sp. 


 
20,574.5 


 
5,341,139 


 
1,419,640 


 
10,225,524 


 
13,044,230 


 
Common carp 


 
2484.1 


 
644,880 


 
171,405 


 
1,234,611 


 
1,574,937 


 
Spottail shiner 


 
1966.0 


 
510,377 


 
135,655 


 
977,109 


 
1,246,453 


 
Redbreast 


 
2303.9 


 
598,089 


 
158,968 


 
1,145,031 


 
1,460,663 


 
July 


 
Pump hours 


 
 


 
606.4 


 
195 


 
691 


 
744 


 
 


 
Clupeid 


 
3911.5 


 
2,371,906 


 
762,733 


 
2,702,812 


 
2,910,119 


 
 


 
Blueback herring 


 
248.5 


 
150,698 


 
48,460 


 
171,723 


 
184,894 


 
 


 
Threadfin shad 


 
6768.6 


 
4,104,469 


 
1,319,874 


 
4,677,091 


 
5,035,826 


 
 


 
Lepomis sp. 


 
3316.5 


 
2,011,120 


 
646,716 


 
2,291,695 


 
2,467,469 


 
August 


 
Pump hours 


 
 


 
564.0 


 
142 


 
691 


 
744 


 
 


 
Bluegill 


 
1658.5 


 
1,005,690 


 
235,501.3 


 
1,145,996 


 
1,233,894 


 
September 


 
*No fish were 


found in samples 
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Table 3-2.  Estimated ichthyoplankton entrainment during phase III, April-September 1996, at RBR dam and 


estimates for dry, average, and wet years. 


 
 
 


 
Phase III 


 
Minimum 


 
Average 


 
Maximum 


 
Clupeid 


 
44,609,474 


 
7,670,738 


 
66,400,964 


 
89,372,665 


 
Blueback herring 


 
4,107,578 


 
1,008,727 


 
7,383,629 


 
9,495,024 


 
Dorosoma sp. 


 
192,561 


 
40,389 


 
367,065 


 
590,393 


 
Threadfin shad 


 
54,806,786 


 
12,792,165 


 
93,821,464 


 
121,278,146 


 
Gizzard shad 


 
7,685,036 


 
2,042,633 


 
14,712,877 


 
18,768,540 


 
Yellow perch 


 
3,004,185 


 
404,676 


 
4,293,517 


 
6,235,492 


 
Common carp 


 
644,880 


 
171,405 


 
1,234,611 


 
1,574,937 


 
Spottail shiner 


 
510,377 


 
135,655 


 
977,109 


 
1,264,453 


 
Pomoxis sp. 


 
48,020 


 
5,748 


 
64,049 


 
90,161 


 
Lepomis sp. 


 
7,352,259 


 
2,066,356 


 
12,517,219 


 
15,511,699 


 
Bluegill 


 
1,005,690 


 
235,501 


 
1,145,996 


 
1,233,894 


 
Redbreast 


 
598,089 


 
158,968 


 
1,145,031 


 
1,460,663 


 
Total 


 
124,564,935 


 
26,732,961 


 
204,063,531 


 
266,858,067 
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Table 3-3.  Estimated ichyoplankton entrainment during Phase III and ±2 and 3 standard errors. 


 
 


 
 


 
 


SE 
 


-3 SE 
 


-2 SE 
 
Phase III 


 
+2 SE 


 
+3 SE 


 
April 


 
Dorosoma sp. 


 
192,561 


 
-385,122 


 
-192,561 


 
192,561 


 
577,683 


 
770,244 


 
Threadfin shad 


 
192,561 


 
-385,122 


 
-192,561 


 
192,561 


 
577,683 


 
770,244 


 
Yellow perch 


 
459,574 


 
-878,118 


 
-418,544 


 
500,604 


 
1,419,752 


 
1,879,326 


 
May 


 
Clupeid 


 
7,387,661 


 
7,396,429 


 
14,784,090 


 
29,559,412 


 
44,334,734 


 
51,722,395 


 
Blueback herring 


 
549,798 


 
-1,023,457 


 
-473,659 


 
625,937 


 
1,725,533 


 
2,275,331 


 
Threadfin shad 


 
3,344,423 


 
3,610,397 


 
6,954,820 


 
13,643,666 


 
20,332,512 


 
23,676,935 


 
Pomoxis sp. 


 
48,020 


 
-96,040 


 
-48,020 


 
48,020 


 
144,060 


 
192,080 


 
Yellow perch 


 
2,026,474 


 
-3,575,841 


 
-1,549,367 


 
2,503,581 


 
6,556,529 


 
8,583,003 


 
June 


 
Clupeid 


 
3,913,582 


 
937,410 


 
4,850,992 


 
12,678,156 


 
20,505,320 


 
24,418,902 


 
Blueback herring 


 
2,055,993 


 
-2,837,036 


 
-781,043 


 
3,330,943 


 
7,442,929 


 
9,498,922 


 
Threadfin shad 


 
8,265,711 


 
12,068,957 


 
20,334,668 


 
36,866,090 


 
53,397,512 


 
61,663,223 


 
Gizzard shad 


 
4,399,025 


 
-5,512,039 


 
-1,113,014 


 
7,685,036 


 
16,483,086 


 
20,882,111 


 
Lepomis sp. 


 
2,056,975 


 
-829,786 


 
1,227,189 


 
5,341,139 


 
9,455,089 


 
11,512,064 


 
Common carp 


 
577,019 


 
-1,086,177 


 
-509,158 


 
644,880 


 
1,798,918 


 
2,375,937 


 
Spottail shiner 


 
510,377 


 
-1,020,754 


 
-510,377 


 
510,377 


 
1,531,131 


 
2,041,508 


 
Redbreast 


 
531,917 


 
-997,662 


 
-465,745 


 
598,089 


 
1,661,923 


 
2,193,840 


 
July 


 
Clupeid 


 
1,681,183 


 
-2,671,643 


 
-990,460 


 
2,371,906 


 
5,734,272 


 
7,415,455 


 
Blueback herring 


 
150,698 


 
-301,396 


 
-150,698 


 
150,698 


 
452,094 


 
602,792 


 
Threadfin shad 


 
2,247,460 


 
-2,637,911 


 
-390,451 


 
4,104,469 


 
8,599,389 


 
10,846,849 
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Lepomis sp. 


 
1,070,690 


 
-1,200,950 


 
-130,260 


 
2,011,120 


 
4,152,500 


 
5,223,190 


 
August 


 
Bluegill 


 
905,518 


 
-1,710,864 


 
-805,346 


 
1,005,690 


 
2,816,726 


 
3,722,244 


 
September 


 
*No fish were 


found in samples 
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       Table 3-4. Estimated ichthyoplankton entrainment in a wet year, based on samples collected from April- 


        September 1996.  Confidence intervals of ±2 and 3 standard errors was also calculated. 


 
 


 
 


 
 


SE 
 


-3 SE 
 


-2 SE 
 


Minimum 
 


+2 SE 
 


+3 SE 


 
April 


 
Dorosoma sp. 


 
40,389 


 
-80,778 


 
-40,389 


 
40,389 


 
121,167 


 
161,556 


 
Threadfin shad 


 
40,389 


 
-80,778 


 
-40,389 


 
40,389 


 
121,167 


 
161,556 


 
Yellow perch 


 
96,394 


 
-184,182 


 
-87,788 


 
105,000 


 
297,788 


 
394,182 


 
May 


 
Clupeid 


 
884,296 


 
885,345 


 
1,769,641 


 
3,538,233 


 
5,306,825 


 
6,191,121 


 
Blueback herring 


 
65,810 


 
-122,506 


 
-56,696 


 
74,924 


 
206,544 


 
272,354 


 
Threadfin shad 


 
400,324 


 
432,162 


 
832,486 


 
1,633,134 


 
2,433,782 


 
2,834,106 


 
Pomoxis sp. 


 
5,748 


 
-11,496 


 
-5,748 


 
5,748 


 
17,244 


 
22,992 


 
Yellow perch 


 
242,567 


 
-428,025 


 
-185,458 


 
299,676 


 
784,810 


 
1,027,377 


 
June 


 
Clupeid 


 
1,040,205 


 
249,157 


 
1,289,362 


 
3,369,772 


 
5,450,182 


 
6,490,387 


 
Blueback herring 


 
546,470 


 
-754,067 


 
-207,597 


 
885,343 


 
1,978,283 


 
2,524,753 


 
Threadfin shad 


 
2,196,972 


 
3,207,852 


 
5,404,824 


 
9,798,768 


 
14,192,712 


 
16,389,684 


 
Gizzard shad 


 
1,169,232 


 
-1,465,063 


 
-295,831 


 
2,042,633 


 
4,381,097 


 
5,550,329 


 
Lepomis sp. 


 
546,731 


 
-220,553 


 
326,178 


 
1,419,640 


 
2,513,102 


 
3,059,833 


 
Common carp 


 
153,368 


 
-288,699 


 
-135,331 


 
171,405 


 
478,141 


 
631,509 


 
Spottail shiner 


 
135,655 


 
-271,310 


 
-135,655 


 
135,655 


 
406,965 


 
542,620 


 
Redbreast 


 
141,380 


 
-265,172 


 
-123,792 


 
158,968 


 
441,728 


 
583,108 


 
July 


 
Clupeid 


 
540,618 


 
-859,121 


 
-318,503 


 
762,733 


 
1,843,969 


 
2,384,587 


 
Blueback herring 


 
48,460 


 
-96,920 


 
-48,460 


 
48,460 


 
145,380 


 
193,840 


 
Threadfin shad 


 
722,715 


 
-848,271 


 
-125,556 


 
1,319,874 


 
2,765,304 


 
3,488,019 
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Lepomis sp. 


 
344,302 


 
-386,190 


 
-41,888 


 
646,716 


 
1,335,320 


 
1,679,622 


 
August 


 
Bluegill 


 
235,501 


 
-471,002 


 
-235,501 


 
235,501 


 
706,503 


 
942,004 


 
September 


 
*No fish were 


found in samples 
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Table 3-5.  Estimated ichthyoplankton entrainment in an average year, based on samples collected from April-September 1996. Confidence 


 intervals of ±2 and 3 standard errors was also calculated. 


 
 


 
 


 
 


SE 
 


-3 SE 
 


-2 SE 
 


Mean 
 


+2 SE 
 


+3 SE 


 
April 


 
Dorosoma sp. 


 
367,065 


 
-734,130 


 
-367,065 


 
367,065 


 
1,101,195 


 
1,468,260 


 
Threadfin shad 


 
367,065 


 
-734,130 


 
-367,065 


 
367,065 


 
1,101,195 


 
1,468,260 


 
Yellow perch 


 
876,053 


 
-1,673,892 


 
-797,839 


 
954,267 


 
2,706,373 


 
3,582,426 


 
May 


 
Clupeid 


 
9,853,583 


 
9,865,279 


 
19,718,862 


 
39,426,028 


 
59,133,194 


 
68,986,777 


 
Blueback herring 


 
733,314 


 
-1,365,073 


 
-631,759 


 
834,869 


 
2,301,497 


 
3,034,811 


 
Threadfin shad 


 
4,460,756 


 
4,815,508 


 
9,276,264 


 
18,197,776 


 
27,119,288 


 
31,580,044 


 
Pomoxis sp. 


 
64,049 


 
-128,098 


 
-64,049 


 
64,049 


 
192,147 


 
256,196 


 
Yellow perch 


 
2,702,889 


 
-4,769,417 


 
-2,066,528 


 
3,339,250 


 
8,745,028 


 
11,447,917 


 
June 


 
Clupeid 


 
7,492,490 


 
1,794,654 


 
9,287,144 


 
24,272,124 


 
39,257,104 


 
46,749,594 


 
Blueback herring 


 
3,936,166 


 
-5,431,461 


 
-1,495,295 


 
6,377,037 


 
14,249,369 


 
18,185,535 


 
Threadfin shad 


 
15,824,569 


 
23,105,825 


 
38,930,394 


 
70,579,532 


 
102,228,670 


 
118,053,239 


 
Gizzard shad 


 
8,421,862 


 
-10,552,709 


 
-2,130,847 


 
14,712,877 


 
31,556,601 


 
39,978,463 


 
Lepomis sp. 


 
3,938,046 


 
-1,588,614 


 
2,349,432 


 
10,225,524 


 
18,101,616 


 
22,039,662 


 
Common carp 


 
1,104,693 


 
-2,079,468 


 
-974,775 


 
1,234,611 


 
3,443,997 


 
4,548,690 


 
Spottail shiner 


 
977,109 


 
-1,954,218 


 
-977,109 


 
977,109 


 
2,931,327 


 
3,908,436 


 
Redbreast 


 
1,018,346 


 
-1,910,007 


 
-891,661 


 
1,145,031 


 
3,181,723 


 
4,200,069 


 
July 


 
Clupeid 


 
1,915,728 


 
-3,044,372 


 
-1,128,644 


 
2,702,812 


 
6,534,268 


 
8,449,996 


 
Blueback herring 


 
171,723 


 
-343,446 


 
-171,723 


 
171,723 


 
515,169 


 
686,892 


 
Threadfin shad 


 
2,561,007 


 
-3,005,930 


 
-444,923 


 
4,677,091 


 
9,799,105 


 
12,360,112 
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Lepomis sp. 


 
1,220,065 


 
-1,368,500 


 
-148,435 


 
2,291,695 


 
4,731,825 


 
5,951,890 


 
August 


 
Bluegill 


 
1,145,994 


 
-2,291,986 


 
-1,145,992 


 
1,145,996 


 
3,437,984 


 
4,583,978 


 
September 


 
*No fish were found in 


samples 
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         Table 3-6.  Estimated ichthyoplankton entrainment in a dry year, based on samples collected from April-September 1996.  Confidence 


            intervals of ±2 and 3 standard errors was also calculated. 


 
 


 
 


 
 


SE 
 


-3 SE 
 


-2 SE 
 
Maximum 


 
+2 SE 


 
+3 SE 


 
April 


 
Dorosoma sp. 


 
590,393 


 
-1,180,786 


 
-590,393 


 
590,393 


 
1,771,179 


 
2,361,572 


 
Threadfin shad 


 
590,393 


 
-1,180,786 


 
-590,393 


 
590,393 


 
1,771,179 


 
2,361,572 


 
Yellow perch 


 
1,409,057 


 
-2,692,315 


 
-1,283,258 


 
1,534,856 


 
4,352,970 


 
5,762,027 


 
May 


 
Clupeid 


 
13,870,813 


 
13,887,277 


 
27,758,090 


 
55,499,716 


 
83,241,342 


 
97,112,155 


 
Blueback herring 


 
1,032,281 


 
-1,921,605 


 
-889,324 


 
1,175,238 


 
3,239,800 


 
4,272,081 


 
Threadfin shad 


 
6,279,372 


 
6,778,754 


 
13,058,126 


 
25,616,870 


 
38,175,614 


 
44,454,986 


 
Pomoxis sp. 


 
90,161 


 
-180,322 


 
-90,161 


 
90,161 


 
270,483 


 
360,644 


 
Yellow perch 


 
3,804,836 


 
-6,713,872 


 
-2,909,036 


 
4,700,636 


 
12,310,308 


 
16,115,144 


 
June 


 
Clupeid 


 
9,557,824 


 
2,289,358 


 
11,847,182 


 
30,962,830 


 
50,078,478 


 
59,636,302 


 
Blueback herring 


 
5,021,186 


 
-6,928,666 


 
-1,907,480 


 
8,134,892 


 
18,177,264 


 
23,198,450 


 
Threadfin shad 


 
20,186,674 


 
29,475,035 


 
49,661,709 


 
90,035,057 


 
130,408,405 


 
150,595,079 


 
Gizzard shad 


 
10,743,382 


 
-13,461,606 


 
-2,718,224 


 
18,768,540 


 
40,255,304 


 
50,998,686 


 
Lepomis sp. 


 
5,023,584 


 
-2,026,522 


 
2,997,062 


 
13,044,230 


 
23,091,398 


 
28,114,982 


 
Common carp 


 
1,409,207 


 
-2,652,684 


 
-1,243,477 


 
1,574,937 


 
4,393,351 


 
5,802,558 


 
Spottail shiner 


 
1,246,453 


 
-2,492,906 


 
-1,246,453 


 
1,246,453 


 
3,739,359 


 
4,985,812 


 
Redbreast 


 
1,299,057 


 
-2,436,508 


 
-1,137,451 


 
1,460,663 


 
4,058,777 


 
5,357,834 


 
July 


 
Clupeid 


 
2,062,665 


 
-3,277,876 


 
-1,215,211 


 
2,910,119 


 
7,035,449 


 
9,098,114 


 
Blueback herring 


 
184,894 


 
-369,788 


 
-184,894 


 
184,894 


 
554,682 


 
739,576 


 
Threadfin shad 


 
2,757,438 


 
-3,236,488 


 
-479,050 


 
5,035,826 


 
10,550,702 


 
13,308,140 
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Lepomis sp. 


 
1,313,644 


 
-1,473,463 


 
-159,819 


 
2,467,469 


 
5,094,757 


 
6,408,401 


 
August 


 
Bluegill 


 
1,233,892 


 
-2,467,782 


 
-1,233,890 


 
1,233,894 


 
3,701,678 


 
4,935,570 


 
September 


 
*No fish were found in 


samples 
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Table 3-7. Mean densities (number/100 m3) of ichthyoplankton at five stations near RBR dam in 1987 and 1988. 
 


 
 
Year 


 
 
Species1 


 
 


Forebay 


 
 


Tailrace 


 
 
Mid-tailwater 


 
 
Far-tailwater 


 
 


Tributary 


 
1887 


 
Clupeid 


 
1.8 


 
1.8 


 
2.3 


 
37.7 


 
62.1 


 
1987 


 
Pomoxis sp. 


 
0.0 


 
0.1 


 
1.2 


 
3.7 


 
13.5 


 
1987 


 
Lepomis sp. 


 
0.7 


 
0.1 


 
1.0 


 
2.1 


 
4.4 


 
1987 


 
Yellow perch 


 
0.0 


 
0.1 


 
0.3 


 
1.0 


 
8.9 


 
1988 


 
Clupeid 


 
ns 


 
0.1 


 
17.5 


 
34.2 


 
51.3 


 
1988 


 
Pomoxis sp. 


 
ns 


 
0.0 


 
0.2 


 
2.4 


 
3.6 


 
1988 


 
Lepomis sp. 


 
ns 


 
0.0 


 
0.7 


 
0.6 


 
1.7 


 
1988 


 
Yellow perch 


 
ns 


 
0.1 


 
0.7 


 
0.2 


 
1.5 


 


legend: 


tailrace - immediately downstream of dam 
midtailwater - about 1 mile downstream of dam 
fartailwater - about 2.5 miels downstream of dam 
tributary - Russell Creek above Mt. Pleasant boat ramp 
ns - not sampled 
 
1Densities of larval white bass, shiners, common carp, darters, and black basses never exceeded 0.2/100 m3. 
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Table 3-8.  Larval fish entrainment estimates from 1993 and 1994 net catches during pumpback sampling at RBR dam. 
 


 
 
Pump Date 


 
 


Species 


 
 


Mean Fish/ 


cubic ft. 


 
 
Geo. Mean 


Fish/ hour 


 
 
Min. Pump 


Hours/ 


Month 


 
 


Min. 


Number/ 


Month 


 
 


Mean Pump 


Hours/ Month 


 
 


Mean 


Number/ 


Month 


 
 


Max. Pump 


Hours/ Month 


 
 
Max. Number/ 


Month 


 
21May94 


 
common carp 


 
0.00002333 


 
604.7136 


 
36 


 
21,770 


 
398 


 
240,676 


 
556 


 
336,221 


 
21May94 


 
threadfin shad 


 
0.00004670 


 
1210.464 


 
36 


 
43,577 


 
398 


 
481,765 


 
556 


 
673,018 


 
10Jun94 


 
threadfin shad 


 
0.00001583 


 
410.3136 


 
62 


 
25,439 


 
496 


 
203,516 


 
631 


 
258,908 


 
15Jul94 


 
threadfin shad 


 
0.00006417 


 
1663.2864 


 
186 


 
309,371 


 
682 


 
1,134,321 


 
743 


 
1,235,822 


 
23Oct93 


 
yellow perch 


 
0.00008420 


 
2182.464 


 
64 


 
139,678 


 
590 


 
1,287,654 


 
739 


 
1,612,841 


 
30Mar94 


 
yellow perch 


 
0.00012200 


 
3162.24 


 
0 


 
0 
 


202 
 


638,772 
 


484 
 


1,530,524 


 
20Apr94 


 
yellow perch 


 
0.00037750 


 
8764.8 


 
28 


 
273,974 


 
317 


 
3,101.782 


 
492 


 
4,814,122 


 
10Jun94 


 
yellow perch 


 
0.00001583 


 
410.3136 


 
62 


 
25,439 


 
496 


 
203,516 


 
631 


 
290858, 


 
15Jul94 


 
blueback herring 


 
0.00002580 


 
668.736 


 
186 


 
124,385 


 
682 


 
456,078 


 
743 


 
496,871 


 
10Jun94 


 
bluegill 


 
0.00001600 


 
414.72 


 
62 


 
25,713 


 
496 


 
205,701 


 
631 


 
261,688 


 
15Jul94 


 
bluegill 


 
0.00005750 


 
1490.4 


 
186 


 
277,214 


 
682 


 
1,016,453 


 
743 


 
1,107,367 


 
26Aug94 


 
channel catfish 


 
0.00003330 


 
863.136 


 
140 


 
120,839 


 
691 


 
596,427 


 
743 


 
641,310 
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 Jamie - ichthyoplankton figures go here 
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Pumpback Fish Mortality Studies 


 


Summary 


 


     Fish survival is an important aspect of assessing turbine passage.  Fish passing through 


the dam experience numerous conditions ranging from pressure changes to contact with 


the turbine blades.  Mortality studies were employed to determine the effects of passage  


on fish survival.  Two separate methods were used to estimate fish mortality:  1)  Collect 


entrained fish as they pass through the dam;  2) Hold control fish and inducted fish, 


collecting them after passage.  The first method provides a conservative (over) estimate of 


mortality because transport and handling stress increase mortality estimates.  After 


collection, the fish were held for 48 hours to assess survival.  In the first method, fish are 


handled during recovery, transported, and held in water that is of a slightly different water 


quality.  There are stresses on the fish associated with the procedures that will result in 


fish mortality.  The second method provides a more realistic estimate of mortality since 


groups of control fish are used to subtract out experimental mortality caused by transport, 


handling, and the recovery net.  Reliable estimates of mortality for many of the inducted 


fish experiments could not be used due to high mortality among control fish, due mainly 


to the poor condition of fish received from the hatchery.  Most mortality estimates in 


Phase III were obtained from entrained fish. 


 


     Mortality estimates ranged from 0.0 to 100.0 percent depending upon the species and 


time of year.  Mortality rates ranged from 65.0 to 100.0 percent for clupeids (blueback 


herring, threadfin shad, and gizzard shad), 29.5 to 85.0 percent for sunfish and crappie, 


0.0 to 28.5 percent for catfish, 17.8 to 72.1 percent for yellow perch, and 45.3 to 81.8 


percent for Morone sp. (striped bass, hybrid bass, and white perch).  A significant positive 


relationship between water temperature and mortality was found for clupeids, catfish, and 


Morone sp. (as water temperature increases mortality increases).  This relationship was 


not observed  for sunfish and crappie, and yellow perch.  The lack of correlation for 


sunfish and crappie is probably due to damage to the fish caused by the full recovery net.  


A majority of entrained sunfish and crappie were descaled on one side of their body.  


Heavy scale loss was also found with control bluegill sunfish inducted  directly into the 
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net without going  through the turbines, also suggesting a net affect.  The lack of 


correlation between yellow perch mortality and water temperature is probably due to 


pressure sensitivity.  Yellow perch are highly sensitive to  pressure changes resulting in 


rupture of the swim bladder or kidneys.  The majority of dead yellow perch in the study 


had everted swim bladders. 


 


Introduction 


 


     Fish survival is an important aspect of assessing turbine entrainment.  Survival 


estimates of fish passing through the turbines during pump storage operation at Richard 


B. Russell Dam were estimated from mortality experiments using entrained and inducted 


fish.  Mortality studies were performed to determine the proportions of fishes that could 


survive passage through the turbines during pumping operation.  These studies can be 


separated into two categories depending upon the hardiness of the target fish species.  For 


relatively hardy species, such as catfishes and bluegill, marked fish were inducted into the 


units through 4-inch food processing hoses and recovered using the full  recovery netting 


system.  Multiple controls were performed by inducting fish into the penstocks (all effects 


of induction system but without turbine passage)  or  holding marked fish without 


induction to determine the effects of marking and handling.  For fragile species such as 


threadfin shad and blueback herring, entrained fish were recovered at the recovery barge 


to determine immediate and delayed (recovered fish were held in tanks for 48 hours) 


mortality.   Control tests could not be performed for fragile fish species  because control 


mortality  was 100 percent.  Therefore, estimates of turbine passage mortality are 


conservative because they have not been adjusted for handling  mortality. 


 


Methods 


 


See Chapter IX of the “Phase III Testing and Monitoring Data Collection and 


Handling Standard Operating Procedures” (Appendix A) guide for a complete description 


of the methods.  Several changes were made, however, during the course of this study. 


 


The induction control group (C2) was eliminated from the study.  The unmarked 
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control (C3) group was reassigned the C2 code.  We reverted from the pressured 


induction system back to using the trash pump since mortality was not reduced, fish 


retrieval was reduced, and human effort was increased.  See Chapter XI of the “Phase III 


Testing and Monitoring Data Collection and Handling Standard Operating Procedures” 


guide for a description of the fish induction system..  Test species within each grouping 


were interchanged  (e.g., threadfin shad were used with, or instead of blueback herring). 


 


Results 


 


Inducted fish 


 


Results of the fish induction experiments are provided in Table 1 and are divided 


by test date, repetition of the experiment, and size group. 


 


Bluegill were tested in May and October.  Mortality rates for the small fish 


varied from 11.1 to 52.4 percent and control mortality varied from 0.0 to 46.5 percent.  


Large bluegill in May developed a bacterial infection during pretest holding.  Due to their 


poor condition and high control mortality, conclusions should not be made from this 


estimate.  For large fish mortality varied from 18.2 to 47.6 percent.  Control mortality 


varied from 10.6 to 39.3 percent. 


 


Channel catfish were tested in May, June, July, and September.  The estimate for 


June should be ignored due to high control mortality.  There was some size overlap of the 


September fish; however, most of the fish tested were 5 inches or smaller.  Mortality rates 


for small catfish ranged from 0.0 to 5.6 percent.  Control mortality varied from 0.0 to 5.6 


percent, also.  Mortality rates for large catfish varied from 0.0 to 18.2 percent.  Control 


mortality varied from 0.0 to 18.2 percent, also. 


 


Morone sp. were tested once at the beginning of April.  Mortality rates for 5-6 


inch fish varied from 29.3 to 52.0 percent and control mortality varied from 20.6 to 48.8 


percent.  Mortality rate for 7-9 inch fish was 100 percent and control mortality ranged 
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from 0.0 to 7.1 percent.  During pretest holding these fish developed an infection and 


were not in good condition.  Due to the observed condition of these fish and the high 


mortality of the C1 fish a reasonable mortality estimate cannot be obtained from this 


experimental group. 


 


Yellow perch were tested once the middle of April.  We were unable to obtain 


enough fish of either size group suggested in the protocol so the two groups were 


combined.  Mortality rates varied from 26.3 to 90.1 percent and control mortality varied 


from 12.0 to 82.4 percent. 


 


Entrained fish 


 


Test results for the entrained fish mortality experiments are provided in Table 2. 


 Species, size, and number of reps collected was dependent on fish entrainment for the 


given night. 


 


Forty-eight hour mortality estimates for clupeids (blueback herring, threadfin 


shad, and gizzard shad) ranged from 20.0 to 100 percent.  Mortality rates for catfish 


varied from 0.0 to 28.6 percent.  Mortality ranged from 25.0 to 100 percent for bluegill 


and black crappie.  Mortality for Morone sp. and yellow perch varied from 12.5 to 83.3 


percent and 0.0 to 94.1 percent, respectively. 


 


Analysis 


 


There was significant size related mortality for clupeids and for bluegill/crappie 


in May (p<0.05).  In both cases large fish survival was higher than for small fish.  


Significant relationships were not found in other months, or for other species. 


 


     We also calculated if there was a significant difference between mortality estimates of 


entrained fish, inducted fish, and control fish.  Because of similarities in temperature 


profiles,  data from the months of  April-June and July-October were combined and size 
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groups combined to ensure large enough sample size.  There was a significant difference 


(p<0.05) for Morone sp. and bluegill/crappie in April-June and for catfish and 


bluegill/crappie for July-October.  There was not a significant difference for catfish or 


yellow perch in April-June. 


 


For entrained fish there was a significant positive relationship between water 


temperature and mortality rate for clupeids, catfish, and Morone sp. (p<0.01) (Figure 1).  


There was not a significant temperature/mortality relationship for bluegill/crappie or 


yellow perch (Figure 2), however.  There was also a significant negative relationship 


between dissolved oxygen and mortality rates for clupeids, catfish, and Morone sp.  This 


should be expected since there is a strong negative relationship between water 


temperature and dissolved oxygen concentrations. 


 


Mortality estimates 


 


Monthly mortality estimates as decided by the Coordination Group are provided 


in Table 3.  Mortality rates are developed from either entrained or inducted fish tests and 


comments are provided next to the mortality rate of how the estimate was derived if 


enough fish of the species and size group were not available for that month.  See Chapter 


IX Part II of the “Phase III Testing and Monitoring Data Collection and Handling 


Standard Operating Procedures” guide for a complete description of criteria for choosing 


mortality estimates. 


 


Table 4 provides a list of prior mortality tests and results. 


 


Discussion 


These results provide a conservative (over) estimate of mortality due because all 


sources of  stress and damage caused  by the net, handling, and transport could not be 


eliminated.  To provide a  turbine related mortality estimate, it is necessary to reduce 


stress incurred due to the experimental protocol.  This usually means reducing control 


mortality below 10 percent (Ruggles 1991).  Except for catfish, we did not meet this 


criterion.   The inability to reduce excess control mortality was the primary reason for use 
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of  entrained fish for passage mortality estimation. 


 


Clupeids and bluegill/crappie were the only two groups where mortality was 


size-related, and occurred only in the May  samples.  For the other months, size-related 


mortality was not significant.  For the clupeids, this was due to threadfin shad mortality 


being higher than mortality of the larger blueback herring.  The size related difference for 


bluegill/crappie could not be explained.  


 


Survival estimates for inducted  Morone spp and bluegill/ crappie were higher in 


April-June than for entrained fish.   Similarly,  survival estimates for inducted catfish and 


bluegill/crappie were higher than for entrained fish in July through October.  These 


increases in survival of inducted over entrained fish result because we were able to 


successfully include control mortality into our estimates of passage mortality.   Both the 


results and our experience indicate that handling of  fish during capture, transport, 


marking, induction, and recovery in the nets inflated turbine passage mortality estimates.  


 


Correlation between mortality and water temperature is expected.  The lack of 


correlation for bluegill and crappie is probably due to damage to the fish caused by the 


full recovery net.  A majority of entrained bluegill and crappie were descaled on one side 


of their body.  The same was seen with inducted bluegill for both treatments.  Since fish 


inducted from the penstock deck also were observed to have heavy scale loss it is likely 


the net had an increase affect on mortality, masking the temperature effect.  The lack of 


correlation between yellow perch and water temperature is probably due to pressure 


sensitivity.  Forge and Scott (1965) showed that yellow perch are highly sensitivity to 


drastic pressure changes resulting in rupturing of the swim bladder and kidney damage.  


Everted air bladders were observed on most yellow perch that died.  No internal analysis 


was done.  This pressure related injury was not seen with any other species entrained. 


 


There was also a strong negative correlation between dissolved oxygen levels 


and survival of clupeids, catfish, and Morone sp.   The lack of correlation for yellow 


perch and bluegill/crappie is the same as described for lack of correlation with 


temperature.  Temperature and dissolved oxygen levels are strongly negatively correlated 


and probably have an additive effect on fish. 
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Table 4-1.  Percent immediate and 48 hour (total) mortality of inducted fish at RBR dam (Control fish C1-marked, C2-unmarked). 


April 2-3, 1996 


 
 


 
 


 
C1 


Mortality 


 
C2 


Mortality 


 
Penstock Mortality (PS) 


 
Draft Tube Mortality (DT) 


 
Turbine Mortality (DT-PS) 


 
Species 


 
Size 


 
Immediate 


 
Total 


 
Immediate 


 
Total 


 
Immediate 


 
Total 


 
Morone sp. 


 
7-9" 


 
28 


 
25 


 
0 


 
100 


 
88.9 


 
100 


 
88.9 


 
0 


 
Morone sp. 


 
7-9" 


 
9.1 


 
15.4 


 
0 


 
92.9 


 
43.8 


 
100 


 
43.8 


 
7.1 


 
Morone sp. 


 
5-6" 


 
7.7 


 
19.4 


 
0 


 
8.7 


 
19.5 


 
29.3 


 
19.5 


 
20.6 


 
Morone sp. 


 
5-6" 


 
0 


 
26.5 


 
0 


 
3.2 


 
4 


 
52 


 
4 


 
48.8 


 
Morone sp. 


 
5-6" 


 
6.9 


 
37.5 


 
0 


 
17.6 


 
13.3 


 
43.3 


 
13.3 


 
25.7 


*Note:  Striped Bass developed a bacteria and fungal infection during pretest holding.  The condition of the fish was poor for the test. 


 


April 17-18, 1996 


 
 


 
 


 
C1 


 
C2 


 
Penstock Mortality (PS) 


 
Draft Tube Mortality (DT) 


 
Turbine Mortality (DT-PS) 


 
Species 


 
Size 


 
Mortality 


 
Mortality 


 
Immediate 


 
Total 


 
Immediate 


 
Total 


 
Immediate 


 
Total 


 
Yellow perch 


 
5-8" 


 
0.0 


 
16.7 


 
7.1 


 
14.3 


 
10.5 


 
26.3 


 
3.4 


 
12.0 


 
Yellow perch 


 
5-6" 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
33.3 


 
60.0 


 
33.3 


 
60.0 


 
Yellow perch 


 
5-7" 


 
0.0 


 
13.3 


 
0.0 


 
7.7 


 
45.4 


 
90.1 


 
45.4 


 
82.4 
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 May 8-9, 1996     


 
 


 
 


 
 


C1 


Mortality 


 
 


C2 


Mortality 


 
Penstock Mortality (PS) 


 
Draft Tube Mortality (DT) 


 
Turbine Mortality (DT-PS) 


 
Species 


 
Size 


 
Immediate 


 
Total 


 
Immediate 


 
Total 


 
Immediate 


 
Total 


 
Bluegill 


 
3-5" 


 
0 


 
6.5 


 
0 


 
33.3 


 
12.5 


 
12.5 


 
12.5 


 
-20.8 


 
Bluegill 


 
3-5" 


 
0 


 
0 


 
0 


 
5.9 


 
9.5 


 
52.4 


 
9.5 


 
46.5 


 
Bluegill 


 
3-5" 


 
0 


 
0 


 
0 


 
37.5 


 
6.1 


 
50 


 
6.1 


 
12.5 


 
Bluegill 


 
6-8" 


 
87.5 


 
38.7 


 
4.6 


 
90.9 


 
20 


 
100 


 
15.5 


 
9.1 


 
Bluegill 


 
6-8" 


 
60 


 
34.8 


 
5 


 
75 


 
26.7 


 
80 


 
21.7 


 
5 


 
Bluegill 


 
6-8" 


 
36.4 


 
36 


 
9.1 


 
90.9 


 
50 


 
91.7 


 
40.9 


 
0.8 


 
*Note: Large bluegill developed a bacteria infection during pretest holding.  The condition of the 
fish was poor for the test. 
*Note: a negative value for turbine mortality indicates no effect (i.e., PS mortality higher than DT 
mortality). 
 


 May 20-21, 1996 
 


 
 


 
 


 
C1 


Mortality 


 
C2 


Mortality 


 
Penstock Mortality (PS) 


 
Draft Tube Mortality (DT) 


 
Turbine Mortality (DT-PS) 


 
Species 


 
Size 


 
Immediate 


 
Total 


 
Immediate 


 
Total 


 
Immediate 


 
Total 


 
Channel Catfish 


 
7-12" 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0 


 
0 


 
Channel Catfish 


 
7-12" 


 
0 


 
0 


 
0 


 
0 


 
18.2 


 
18.2 


 
18.2 


 
18.2 


 
Channel Catfish 


 
7-12" 


 
0 


 
0 


 
6.3 


 
6.3 


 
8.3 


 
8.3 


 
2.1 


 
2.1 
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 June 4-5, 1996 
 
 


 
 


 
 


C1 
Mortality 


 
C2 


Mortality 


 
Penstock Mortality (PS) 


 
Draft Tube Mortality (DT) 


 
Turbine Mortality (DT-PS) 


 
Species 


 
Size 


 
Immediate 


 
Total 


 
Immediate 


 
Total 


 
Immediate 


 
Total 


 
Channel catfish 


 
'4-5" 


 
43.9 


 
43.9 


 
0 


 
25.9 


 
0 


 
16.7 


 
0 


 
-9. 


 


 July 24, 1996   
 
 


 
 


 
 


 
C1 


 
 


C2 


 
Penstock Mortality (PS) 


 
Draft Tube Mortality (DT) 


 
Turbine Mortality (DT-PS) 


 
Species 


 
Size 


 
Mortality 


 
Mortality 


 
Immediate 


 
Total 


 
Immediate 


 
Total 


 
Immediate 


 
Total 


 
Channel catfish 


 
4-5" 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
Channel catfish 


 
6-8" 


 
0.0 


 
0.0 


 
2.6 


 
10.3 


 
2.0 


 
12.0 


 
-0.6 


 
1.7 


 
Channel catfish 


 
6-9" 


 
0.0 


 
0.0 


 
0.0 


 
25.7 


 
0.0 


 
11.8 


 
0.0 


 
-14.0 


 
 
 


 September 16-17, 1996 
 
 


 
 


 
 


C1 
 


C2 
 


Penstock Mortality (PS) 
 


Draft Tube Mortality (DT) 
 


Turbine Mortality (DT-PS) 
 


Species 
 


Size 
 


Mortality 
 


Mortality 
 


Immediate 
 


Total 
 


Immediate 
 


Total 
 


Immediate 
 


Total 
 


Channel catfish 
 


 
 


0.0 
 


0.0 
 


0.0 
 


0.0 
 


0.0 
 


0.0 
 


0.0 
 


0.0 


 
Channel catfish 


 
4-7" 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
5.6 


 
5.6 


 
5.6 


 
5.6 


 
Channel catfish 


 
4-7" 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
Channel catfish 


 
3-6" 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
Channel catfish 


 
3-5" 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
0.0 


 
0.0 
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Channel catfish 3-6" 0.0 0.0 2.4 2.4 0.0 0.0 -2.4 -2.4 
 
 


 October 2-3, 1996 
 
 


 
 


 
 


C1 
 


C2 
 
Penstock Mortality (PS) 


 
Draft Tube Mortality (DT) 


 
Turbine Mortality (DT-PS) 


 
Species 


 
Size 


 
Mortality 


 
Mortality 


 
Immediate 


 
Total 


 
Immediate 


 
Total 


 
Immediate 


 
Total 


 
Bluegill 


 
2" 


 
2.6 


 
0.0 


 
0.0 


 
0.0 


 
18.2 


 
36.4 


 
18.2 


 
36.4 


 
Bluegill 


 
2" 


 
3.4 


 
3.2 


 
25.0 


 
37.5 


 
18.2 


 
45.5 


 
-6.8 


 
8.0 


 
Bluegill 


 
2" 


 
3.2 


 
0.0 


 
12.5 


 
12.5 


 
11.1 


 
22.2 


 
-1.4 


 
9.7 


 
Bluegill 


 
4-7" 


 
0.0 


 
0.0 


 
0.0 


 
8.3 


 
19.0 


 
47.6 


 
19.0 


 
39.3 


 
Bluegill 


 
4-7" 


 
0.0 


 
0.0 


 
9.1 


 
22.7 


 
16.7 


 
33.3 


 
7.6 


 
10.6 


 
Bluegill 


 
4-6" 


 
0.0 


 
4.5 


 
0.0 


 
5.3 


 
9.1 


 
18.2 


 
9.1 


 
12.9 
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Table 4-2. Percent immediate, delayed, and 48 hour mortality of entrained fish at RBR 
dam. 
 
 


April 2-3, 1996 
 


 
Species 


 
 


Size 


 
 


Number 


 
Immediate 
Mortality 


 
Delayed 


Mortality 


 
Total 


Mortality 
 


Morone sp.   
 
   6" 


 
  9 


 
 33.3 


 
22.2 


 
55.5 


 
Morone sp.  


 
   6" 


 
 17 


 
47.1 


 
0 


 
47.1 


 
Morone sp. 


 
   6" 


 
 12 


 
41.7 


 
0 


 
41.7 


 
Morone sp. 


 
   6" 


 
  8 


 
 12.5 


 
0 


 
12.5 


 
Morone sp. 


 
 7-9" 


 
  7 


 
42.9 


 
0 


 
42.9 


 
Morone sp. 


 
7-11" 


 
 13 


 
 15.4 


 
0 


 
15.4 


 
Morone sp. 


 
7-10" 


 
  7 


 
57.1 


 
0 


 
57.1 


 
Morone sp. 


 
7-16" 


 
 21 


 
66.7 


 
0 


 
66.7 


 
Yellow perch  


 
 4-5" 


 
12 


 
 0 


 
8.3 


 
8.3 


 
Yellow perch  


 
 4-5" 


 
24 


 
8.3 


 
16.7 


 
25 


 
Catfish sp. 


 
 7-9" 


 
 11 


 
0 


 
0 


 
0 


 
Blueback herring 


 
   6" 


 
  5 


 
20 


 
0 


 
20 


 
April 17-18, 1996 


 
Morone sp. 


 
   6" 


 
 33 


 
 54.5 


 
  3 


 
57.6 


 
Morone sp. 


 
   6" 


 
 11 


 
 36.4 


 
  0 


 
36.4 


 
Morone sp. 


 
 5-6" 


 
 24 


 
 54.2 


 
  4.2 


 
58.4 


 
Morone sp. 


 
   6" 


 
 30 


 
 60 


 
  3.3 


 
63.3 


 
Morone sp. 


 
7-11" 


 
 40 


 
 45 


 
  2.5 


 
47.5 


 
Morone sp. 


 
7-11" 


 
 15 


 
 46.7 


 
  0 


 
 46.7 


 
Morone sp. 


 
7-11" 


 
 15 


 
 53.3 


 
  0 


 
 53.3 


 
Morone sp. 


 
7-11" 


 
 19 


 
 42.1 


 
  0 


 
 42.1 


 
Yellow perch 


 
4-6" 


 
 15 


 
  20 


 
  0 


 
20 


 
Yellow perch 


 
4-6" 


 
  6 


 
 16.7 


 
  0 


 
16.7 


 
Catfish sp. 


 
4-5" 


 
  2 


 
  0 


 
  0 


 
 0 


 
Catfish sp. 


 
5" 


 
  3 


 
  0 


 
  0 


 
 0 


 
Catfish sp. 


 
7-9" 


 
  8 


 
  0 


 
  0 


 
    0 


 
Catfish sp. 


 
7-13" 


 
 16 


 
  0 


 
  0 


 
    0 


 
Blueback herring 


 
5-6" 


 
 20 


 
 20 


 
 45 


 
   65 


 
May 8-9, 1996 


 
Morone sp. 


 
6-10" 


 
 38 


 
 26.3 


 
  7.9 


 
   34.2 


 
Morone sp. 


 
6-10" 


 
 59 


 
 17 


 
 27.1 


 
   44.1 


 
Morone sp. 


 
6-11" 


 
 30 


 
 30 


 
 23.3 


 
   53.3 


 
Morone sp. 


 
5-12" 


 
 96 


 
 36.5 


 
 11.5 


 
   47.9 


 
Catfish sp. 


 
 5-9" 


 
 18 


 
  0 


 
  0 


 
    0 


 
Catfish sp. 


 
 6-8" 


 
 18 


 
  0 


 
  0 


 
    0 
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Catfish sp.  3-8"  19   0   0     0 
 


Catfish sp. 
 
6-10" 


 
 31 


 
  0 


 
  0 


 
    0 


 
Catfish sp. 


 
7-10" 


 
 30 


 
  6.7 


 
  6.7 


 
   13.3 


 
Catfish sp. 


 
 5-8" 


 
 22 


 
  0 


 
  0 


 
    0 


 
Blueback herring 


 
 5-7" 


 
154 


 
  0 


 
 92.9 


 
   92.9 


 
Blueback herring 


 
 5-8" 


 
108 


 
  0 


 
 81.5 


 
   81.5 


 
Blueback herring 


 
 5-7" 


 
 48 


 
  0 


 
 33.3 


 
   33.3 


 
Blueback herring 


 
 5-6" 


 
 41 


 
  4.9 


 
 65.9 


 
   70.7 


 
Blueback herring 


 
 5-8" 


 
 53 


 
  1.9 


 
 69.8 


 
   71.7 


 
Blueback herring 


 
 5-9" 


 
 38 


 
  0 


 
 50 


 
   50 


 
Black crappie    


 
  5" 


 
 13 


 
 84.6 


 
 15.4 


 
100 


 
Black crappie  


 
 5-8"  


 
  10 


 
 70 


 
  0 


 
5" 


 
May 20-21, 1996 


 
Morone sp. 


 
6-10" 


 
 10 


 
 20 


 
 30 


 
   50 


 
Morone sp. 


 
6-10" 


 
 38 


 
 39.5 


 
 10.5 


 
   50 


 
Morone sp.    


 
 5-8" 


 
 16 


 
 43.8 


 
 31.3 


 
   75 


 
Catfish sp. 


 
 5-8" 


 
 12 


 
 16.7 


 
  0 


 
   16.7 


 
TFS/BBH 


 
 3-6"  


 
30 


 
  6.7 


 
 46.7 


 
   53.3 


 
TFS/BBH 


 
 3-6" 


 
 54 


 
 14.8 


 
 81.5 


 
   96.3 


 
TFS 


 
 3-5" 


 
 59 


 
 15.3 


 
 45.8 


 
   61 


 
TFS/BBH 


 
 3-6" 


 
 54 


 
  3.7 


 
 44.4 


 
   48.1 


 
TFS/BBH 


 
 2-6" 


 
 54 


 
 37 


 
 31.5 


 
   68.5 


 
June 4-5, 1996 


 
Morone sp. 


 
 5-7" 


 
 16 


 
 37.5 


 
 18.8 


 
   56.3 


 
Morone sp. 


 
 6-8" 


 
 23 


 
 47.8 


 
  4.4 


 
   52.2 


 
BBH 


 
 5-7" 


 
 44 


 
 18.2 


 
 68.2 


 
   86.4 


 
TFS 


 
 3-5" 


 
 82 


 
  7.3 


 
 52.4 


 
   59.8 


 
TFS 


 
 3-4" 


 
118 


 
  5.9 


 
 69.5 


 
   75.4 


 
TFS 


 
 3-4" 


 
 27 


 
 18.5 


 
 51.9 


 
   70.4 


 
TFS 


 
 3-5" 


 
 44 


 
  4.6 


 
 61.4 


 
   65.9 


 
BBH 


 
 5-7" 


 
 29 


 
 20.7 


 
 65.5 


 
   86.2 


 
Yellow perch  


 
 4-7" 


 
 17 


 
 94.1 


 
 0 


 
94.1 


 
June 24-25, 1996 


 
Bluegill/Crappie 


 
 3-5" 


 
 29 


 
 31 


 
 13.8 


 
   44.8 


 
TFS/BBH 


 
 2-6" 


 
 62 


 
 83.9 


 
  6.5 


 
   90.3 


 
TFS/BBH 


 
 2-7" 


 
 54 


 
 72.2 


 
 11.1 


 
   83.3 


 
Yellow perch  


 
 4-7" 


 
 16 


 
43.8 


 
 6.3 


 
50 


 
July 7-8, 1996 


 
Bluegill/Crappie 


 
 3-5" 


 
 19 


 
 68.4 


 
 15.8 


 
   84.2 


 
Yellow perch  


 
 3-5" 


 
 13 


 
 38.5 


 
  0 


 
   38.5 


 
TFS/BBH 


 
 2-6" 


 
141 


 
 83.7 


 
 14.9 


 
   98.6 
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TFS/BBH 


 
 1-4" 


 
 79 


 
 59.5 


 
 38 


 
   97.5 


 
TFS/BBH 


 
 1-6" 


 
 81 


 
 60.5 


 
 39.5 


 
  100 


 
TFS/BBH 


 
 1-7" 


 
 74 


 
 97.3 


 
  2.7 


 
  100 


 
TFS/BBH 


 
 1-7" 


 
 66 


 
 75.8 


 
 18.2 


 
   93.9 


 
TFS/BBH 


 
 2-8" 


 
 36 


 
 77.8 


 
 22.2 


 
  100 


 
TFS/BBH 


 
 1-6" 


 
 48 


 
 81.3 


 
 18.8 


 
  100 


 
TFS/BBH 


 
 1-6" 


 
 92 


 
 85.9 


 
 13 


 
   98.9 


 
July 24 and 26, 1996 


 
White perch 


 
 6-8" 


 
  6 


 
  0 


 
 66.7 


 
   66.7 


 
Yellow perch 


 
 4-5" 


 
  6 


 
 0 


 
 16.7 


 
   16.7 


 
Bluegill/Crappie 


 
 4-5" 


 
  3 


 
  0 


 
 33.3 


 
   33.3 


 
Catfish 


 
 7-8" 


 
  3 


 
  0 


 
  0 


 
    0 


 
BBH/TFS 


 
 1-7" 


 
100 


 
 98 


 
  1 


 
   99 


 
TFS 


 
 1-4" 


 
117 


 
 97.4 


 
  2.6 


 
  100 


 
BBH/TFS 


 
 1-8" 


 
147 


 
 91.2 


 
  6.8 


 
   98 


 
BBH/TFS 


 
 2-7" 


 
 87 


 
100 


 
  0 


 
  100 


 
BBH/TFS 


 
 1-6" 


 
111 


 
 73.9 


 
 26.1 


 
  100 


 
BBH/TFS 


 
 1-6" 


 
152 


 
 99.3 


 
  0.7 


 
  100 


 
BBH/TFS 


 
 1-6" 


 
135 


 
93.3 


 
6.67 


 
 100   


 
TFS 


 
 1-4" 


 
 82 


 
98.8 


 
1.22 


 
 100   


 
August 5-6, 1996 


 
White perch 


 
 6-7" 


 
  6 


 
 83.3 


 
  0 


 
   83.3 


 
Yellow perch  


 
 4-5" 


 
 15 


 
 20 


 
  0 


 
   20 


 
Bluegill/Crappie 


 
 2-5" 


 
  4 


 
  0 


 
 33.3 


 
   33.3 


 
Bluegill/Crappie 


 
6-14" 


 
  5 


 
 80 


 
  0 


 
   80 


 
Catfish 


 
 3-5" 


 
  8 


 
 12.5 


 
  0 


 
   12.5 


 
Catfish 


 
 6-9" 


 
  4 


 
  0 


 
  0 


 
    0 


 
BBH/TFS 


 
 1-7" 


 
132 


 
 97 


 
  3 


 
  100 


 
TFS 


 
 1-3" 


 
307 


 
 77.2 


 
 22.8 


 
  100 


 
BBH/TFS 


 
 1-6" 


 
178 


 
 97.8 


 
  1.7 


 
   99.4 


 
BBH/TFS 


 
 2-7" 


 
 87 


 
100 


 
  0 


 
  100 


 
August 21-22, 1996 


 
White perch 


 
 6-7" 


 
 5 


 
 80 


 
  0 


 
   80 


 
Yellow perch  


 
4-5" 


 
11 


 
27.3 


 
9.1 


 
36.4 


 
Bluegill/Crappie 


 
 2-5" 


 
  4 


 
  0 


 
 25 


 
   25 


 
Bluegill/Crappie 


 
   6" 


 
  3 


 
 33.3 


 
 33.3 


 
   66.7 


 
Catfish 


 
 6-9" 


 
 11 


 
  9.1 


 
 18.2 


 
   27.3 


 
BBH/TFS 


 
 1-6" 


 
159 


 
 99.4 


 
  0.6 


 
  100 


 
TFS/BBH 


 
 1-6" 


 
191 


 
 95.3 


 
  4.7 


 
  100 


 
BBH/TFS 


 
 1-6" 


 
164 


 
 97 


 
  3.1 


 
  100 
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TFS  1-3"  82  93.9   6.1   100 
 


TFS 
 
 1-3" 


 
 73 


 
 97.3 


 
  2.7 


 
  100 


 
TFS 


 
 1-4" 


 
 78 


 
 96.2 


 
  3.9 


 
  100 


 
BBH 


 
 3-6" 


 
 36 


 
 22.2 


 
 77.7 


 
  100 


 
September 3-4, 1996 


 
BBH 


 
 3-6" 


 
  3 


 
100 


 
  0 


 
  100 


 
BBH 


 
 4-6" 


 
 10 


 
 90 


 
 10 


 
  100 


 
BBH 


 
 3-6" 


 
  6 


 
100 


 
  0 


 
  100 


 
TFS 


 
 2-3" 


 
110 


 
100 


 
  0 


 
  100 


 
TFS 


 
 1-3" 


 
 86 


 
100 


 
  0 


 
  100 


 
TFS 


 
 2-4" 


 
 33 


 
 97 


 
  3 


 
  100 


 
TFS 


 
 2-3" 


 
 22 


 
100 


 
  0 


 
  100 


 
TFS 


 
 1-3" 


 
 18 


 
100 


 
  0 


 
  100 


 
TFS 


 
 1-3" 


 
 46 


 
100 


 
  0 


 
  100 


 
September 16-17, 1996 


 
Bluegill/BCrappie 


 
 4-5" 


 
  6 


 
 33.3 


 
 33.3 


 
   66.7 


 
Bluegill/BCrappie 


 
   6" 


 
  4 


 
100 


 
  0 


 
  100 


 
Catfish 


 
 2-5" 


 
 10 


 
 10 


 
  0 


 
   10 


 
Catfish 


 
 2-5" 


 
  8 


 
 12.5 


 
  0 


 
   12.5 


 
Catfish 


 
6-16" 


 
  7 


 
  0 


 
 28.6 


 
   28.6 


 
BBH 


 
 3-6" 


 
  7 


 
 42.9 


 
 57.1 


 
  100 


 
TFS 


 
 1-3" 


 
 39 


 
100 


 
  0 


 
  100 


 
TFS 


 
 1-4" 


 
119 


 
100 


 
  0 


 
  100 


 
TFS 


 
 2-3" 


 
 61 


 
100 


 
  0 


 
  100 


 
TFS 


 
 2-3" 


 
 30 


 
100 


 
  0 


 
  100 


 
TFS 


 
 2-3" 


 
 38 


 
100 


 
  0 


 
  100 


 
October 2-3, 1996 


 
BG/BCrappie 


 
 3-5"  


 
6 


 
 66.7 


 
  0 


 
   66.7 


 
BG/BCrappie 


 
 6-7"  


 
7 


 
 57.1 


 
  0 


 
   57.1 


 
Yellow perch 


 
4-5" 


 
  3 


 
  0 


 
  0 


 
    0 


 
Catfish 


 
 2-5" 


 
  6.0 


 
 20.0 


 
  0.0 


 
   20 


 
Catfish 


 
 2-5" 


 
 16.0 


 
  6.3 


 
  0.0 


 
    6.3 


 
Catfish 


 
 6-9" 


 
 15.0 


 
 13.3 


 
  6.7 


 
   20 


 
TFS 


 
 1-4" 


 
 50.0 


 
100.0 


 
  0.0 


 
  100 


 
TFS 


 
   2" 


 
 30.0 


 
100.0 


 
  0.0 


 
  100 


 
October 16, 1996 


 
Catfish 


 
 2-5" 


 
 13.0 


 
  7.7  


 
0 


 
   7.7 


 
Catfish 


 
 6-9" 


 
  2.0 


 
  0.0 


 
  0.0 


 
    0 


 
TFS 


 
 2-4" 


 
 44.0 


 
 95.5 


 
  4.5 


 
  100 


 
TFS 


 
 2-3" 


 
 34.0 


 
 91.2 


 
  5.9 


 
   97.1 
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Table 4-3. Fish mortality estimates used to estimate mortality of entrained fish at Richard B. 
Russell Dam as agreed upon by the Coordination Group. 


 
April 
 


 
Species/Length 


 
Mortality rate 


 
# of reps  


 
Note 


 
Clupeid  


 
65.00 


 
1 


 
 


 
Sunfish ≤5 


 
29.50 


 
2 


 
From May inducted fish 


 
Sunfish ≥6 


 
85.00 


 
1 


 
From May data 


 
Ictalurid ≤5 


 
0.00 


 
- 


 
From large Ictalurid 


 
Ictalurid ≥6 


 
0.00 


 
2 


 
 


 
Yellow perch ≤5 


 
17.77 


 
3 


 
Overlapping sizes 4-6" 


 
Yellow perch ≥6 


 
17.77 


 
3 


 
Overlapping sizes 4-6" 


 
Morone sp.≤6 


 
50.75 


 
6 


 
 


 
Morone sp.≥7 


 
45.28 


 
6 


 
 


 
May 
 


 
Species/Length 


 
Mortality rate 


 
# of reps 


 
Note 


 
Clupeid  


 
66.12 


 
11 


 
 


 
Sunfish ≤5 


 
29.50 


 
2 


 
From May inducted fish 


 
Sunfish ≥6 


 
85.00 


 
2 


 
 


 
Ictalurid ≤5 


 
5.00 


 
7 


 
Overlapping size classes 


 
Ictalurid ≥6 


 
5.00 


 
7 


 
Overlapping size classes 


 
Yellow perch ≤5 


 
17.77 


 
3 


 
From April data 


 
Yellow perch ≥6 


 
17.77 


 
3 


 
From April data 


 
Morone sp. ≤6 


 
50.65 


 
- 


 
From large Morone 


 
Morone sp. ≥7 


 
50.65 


 
7 


 
 


 
 
June 
 
 
Species/Length 


 
Mortality rate 


 
# of reps 


 
Note 


 
Clupeid  


 
77.21 


 
8 


 
 


 
Sunfish ≤5 


 
44.80 


 
1 


 
 


 
Sunfish ≥6 


 
85.00 


 
1 


 
From May data 


 
Ictalurid ≤5 


 
5.00 


 
- 


 
From May data 


 
Ictalurid ≥6 


 
5.00 


 
7 


 
From May data 


 
Yellow perch ≤5 


 
72.06 


 
3 


 
Overlapping sizes 4-7" 


  
72.06 


 
3 


 
Overlapping sizes 4-7" 
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Yellow perch ≥6 
 
Morone sp.≤6 


 
54.22 


 
- 


 
From large Morone sp. 


 
Morone sp.≥7 


 
54.22 


 
2 
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July 
 
Species/Length 


 
Mortality rate 


 
# of reps 


 
Note 


 
Clupeid  


 
99.12 


 
16 


 
 


 
Sunfish ≤5 


 
84.21 


 
1 


 
 


 
Sunfish ≥6 


 
84.21 


 
- 


 
From small sunfish 


 
Ictalurid ≤5 


 
27.27 


 
1 


 
From August data 


 
Ictalurid ≥6 


 
27.27 


 
1 


 
From August data 


 
Yellow perch ≤5 


 
38.46 


 
1 


 
 


 
Yellow perch ≥6 


 
38.46 


 
- 


 
From small Yellow perch 


 
Morone sp.≤6 


 
54.22 


 
- 


 
From June data 


 
Morone sp.≥7 


 
54.22 


 
1 


 
From June data 


 
August 
 
 
Species/Length 


 
Mortality rate 


 
# of reps 


 
Note 


 
Clupeid  


 
99.96 


 
15 


 
 


 
Sunfish ≤5 


 
84.21 


 
1 


 
From July data 


 
Sunfish ≥6 


 
84.21 


 
2 


 
From July data 


 
Ictalurid ≤5 


 
27.27 


 
1 


 
From large Ictalurid 


 
Ictalurid ≥6 


 
27.27 


 
1 


 
 


 
Yellow perch ≤5 


 
28.18 


 
2 


 
 


 
Yellow perch ≥6 


 
28.18 


 
- 


 
From small Yellow perch 


 
Morone sp.≤6 


 
81.81 


 
1 


 
Overlapping size classes 


 
Morone sp.≥7 


 
81.81 


 
1 


 
Overlapping size classes 


 
 
September 
 
 
Species/Length 


 
Mortality rate 


 
# of reps 


 
Note 


 
Clupeid  


 
100.00 


 
10 


 
 


 
Sunfish ≤5 


 
84.21 


 
1 


 
From July data 


 
Sunfish ≥6 


 
84.21 


 
2 


 
From July data 


 
Ictalurid ≤5 


 
28.50 


 
1 


 
 


 
Ictalurid ≥6 


 
28.50 


 
1 


 
From small Ictalurid 


 
Yellow perch ≤5 


 
28.18 


 
2 


 
From August data 


 
Yellow perch ≥6 


 
28.18 


 
2 


 
From August data 


 
Morone sp.≤6 


 
81.81 


 
- 


 
From August data 


 
Morone sp.≥7 


 
81.81 


 
1 


 
From August data 
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October 
 
 
Species/Length 


 
Mortality rate 


 
# of reps 


 
Note 


 
Clupeid  


 
99.28 


 
4 


 
 


 
Sunfish ≤5 


 
84.21 


 
1 


 
From July data 


 
Sunfish ≥6 


 
84.21 


 
2 


 
From July data 


 
Ictalurid ≤5 


 
 7.70 


 
1 


 
 


 
Ictalurid ≥6 


 
 7.70 


 
- 


 
From small Ictalurid 


 
Yellow perch ≤5 


 
28.18 


 
2 


 
From August data 


 
Yellow perch ≥6 


 
28.18 


 
2 


 
From August data 


 
Morone sp.≤6 


 
81.81 


 
- 


 
From August data 


 
Morone sp.≥7 


 
81.81 


 
1 


 
From August data 
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Table 4-4. Immediate and total turbine-passage mortality. 1993-June 1995. 
  
 
Species 


 
Size 


 
Month 


 
Control  
Mortality 


 
Penstock Mortality 
PS 


 
DraftTube Mortality 
DT 


 
Turbine Mortality 
(DT-PS) 


 
Immediate 
(%) 


 
Total(%) 


 
Immediate 
(%) 


 
Total(%) 


 
Immediate 
(%) 


 
Total(%) 


 
Blueback Herring 


 
4-6" 


 
JUN93 


 
17.0 


 
26.0 


 
100.0 


 
55,0 


 
100.0 


 
29.0 


 
----- 


 
Blueback Herring 


 
4-6" 


 
JUL93 


 
61.0 


 
54.0 


 
100.0 


 
91.0 


 
100.0 


 
37.0 


 
----- 


 
Blueback Herring 


 
4-6" 


 
JUL94 


 
----- 


 
32.0 


 
----- 


 
59.0 


 
----- 


 
27.0 


 
----- 


 
Blueback Herring 


 
4-6" 


 
MAR95 


 
68.4 


 
----- 


 
100.0 


 
----- 


 
100.0 


 
----- 


 
----- 


 
Blueback Herring 


 
4-6" 


 
APR95 


 
72.7 


 
----- 


 
100.0 


 
----- 


 
100.0 


 
----- 


 
----- 


 
Blueback Herring 


 
4-6" 


 
APR95 


 
66.6 


 
----- 


 
100.0 


 
----- 


 
100.0 


 
----- 


 
----- 


 
Blueback Herring 


 
4-6" 


 
AUG95 


 
89.9 


 
----- 


 
100.0 


 
----- 


 
100.0 


 
----- 


 
----- 


 
Blueback Herring 


 
4-6" 


 
DEC95 


 
93.1 


 
32.2 


 
73.7 


 
60.9 


 
100.0 


 
28.7 


 
----- 


 
Morone spp. 


 
3-6" 


 
JUN93 


 
61.0 


 
55.0 


 
91.0 


 
50.0 


 
85.0 


 
-5.0 


 
-6.0 


 
Morone spp. 


 
10-14" 


 
JUN93 


 
96.0 


 
14.0 


 
100.0 


 
35.0 


 
100.0 


 
21.0 


 
----- 


 
Bluegill 


 
3-5" 


 
JUN93 


 
2.0 


 
2.0 


 
29.0 


 
6.0 


 
32.0 


 
4.0 


 
3.0 


 
Bluegill 


 
3-5" 


 
JUL93 


 
3.0 


 
8.0 


 
29.0 


 
20.0 


 
64.0 


 
12.0 


 
35.0 


 
Bluegill 


 
3-5" 


 
JUN94 


 
2.0 


 
0.0 


 
41.0 


 
17.0 


 
48.0 


 
17.0 


 
7.0 


 
Bluegill 


 
>6" 


 
JUL93 


 
38.0 


 
41.0 


 
84.0 


 
89.0 


 
100.0 


 
48.0 


 
16.0 


 
Channel Catfish 


 
3-6" 


 
JUN93 


 
8.0 


 
1.0 


 
46.0 


 
4.0 


 
23.0 


 
3.0 


 
-23.0 


 
Channel Catfish 


 
3-5" 


 
JUL93 


 
1.0 


 
14.0 


 
64.0 


 
25.0 


 
68.0 


 
11.0 


 
4.0 


 
Channel Catfish 


 
3-5" 


 
AG 


 
5.0 


 
0.0 


 
12.0 


 
3.0 


 
28.0 


 
3.01 


 
6.0 


 
Channel Catfish 


 
9-12" 


 
JAN 


 
19.0 


 
1.0 


 
56.0 


 
7.0 


 
61.0 


 
6.0 


 
5.0 


 
Channel Catfish 


 
9-12" 


 
JUG 


 
0.0 


 
0.0 


 
13.0 


 
22.0 


 
46.0 


 
22.0 


 
33.0 


 
Yellow Perch 


 
4-6" 


 
JAN 


 
26.7 


 
----- 


 
79.7 


 
------ 


 
91.9 


 
------ 


 
12.2 


 
/1 = a negative value for turbine mortality indicates no effect (i.e., PS mortality higher than DO 
mortality). 
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Baseline Fisheries Studies 
 
Summary 
 
      Baseline studies using a variety of different collecting gears (because different types 


of fish are best sampled with different kinds of sampling gears) were performed to 


describe the species composition and temporal and spatial  distribution of the fish 


community of J. Strom Thurmond Lake.   The general objectives of baseline 


monitoring activities were to determine 1) the principal components of the fish 


communities in the two reservoirs; 2) spatial variation of fish  communities in terms of 


species composition and biomass; 3) seasonal and annual variation in fish  communities in 


terms of species composition and biomass; and 4) the uniqueness of the tailwater area 


immediately below Richard B. Russell Dam. 


 


     Baseline sampling included the following  major tasks.   Gillnetting, electrofishing and 


rotenone sampling were used to describe the fish communities and to assess spatial and 


temporal trends in abundance of fishes;  Larval fish sampling was used to describe spatial 


and temporal patterns of fish reproduction;  Zooplankton sampling was used to describe 


spatial and temporal trends in abundance of zooplankton;  Purse seining was used to 


relate size distributions of fish with target strengths from hydroacoustics sampling; 


Telemetry was used to evaluate the spring and summer distribution of striped bass, hybrid 


bass, and sauger in the tailwater and to relate fish movements to operations at RBR dam.  


Lastly, draft tube sampling was used to determine the species, numbers and sizes of fish 


potentially susceptible to entrainment during pumpback. 


 


      The culmination of baseline sampling efforts shows that the highest biomass of 


fish occurs at station 1 during the period of  March, April and May.  In fact, this period 


encompassed all species that showed definable temporal trends in distribution.  Numbers 


of all fish other than threadfin shad were also highest during these months.  Peaks in 


threadfin shad abundance ranged from March to September for all gears, and numbers/net 


(or transect) were often very high.  The “boom or bust” nature of threadfin shad catches 


suggests that potential entrainment (by number) could be high in any month between 


March and September.  It is important to note that temporal predictions in entrainment are 
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relative and do not imply that entrainment in other months will necessarily be low in 


terms of absolute numbers or biomass.   Absolute numbers cannot be inferred from catch 


rate data. 


 


Introduction 


 


This report is intended to serve as a comprehensive resource of all sampling 


conducted as part of the baseline fisheries monitoring for the Richard B. Russell Fish 


Entrainment Study (RBRFES).  For data previously reported, the methods and significant 


results are briefly paraphrased from the original reports and the appropriate references 


provided.  References are also provided for research conducted outside the scope of the 


baseline monitoring. 


 


Baseline sampling for the RBRFES was initiated on J. Strom Thurmond 


reservoir (JST) in 1986 and was dynamic over the eleven year study period.  The 


sampling gears used, the locations of sampling, and the frequency of sampling changed 


over time in response to the changing informational needs and objectives of the RBRFES. 


 


Baseline sampling occurred throughout J. Strom Thurmond reservoir (JST) from 


1986 to 1990 to evaluate reservoir wide trends.  From 1990 to 1996, sampling was 


limited to the upper end of the reservoir to monitor near-field trends below Russell dam.  


Also in 1990, sampling was initiated on the lower third of Richard B Russell reservoir 


(RBR) to monitor near field trends above Russell Dam. 


 


The general objectives of baseline monitoring activities were to determine : 


 


1. What are the principal components of the fish communities in the two 


reservoirs? 


 


2. How do the communities vary spatially within reservoirs in terms of 


species composition and biomass? 
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3. How do the communities vary seasonally and annually in terms of 


species composition and biomass? 


 


4. Is the tailwater area immediately below Russell Dam unique? 


 


Baseline monitoring activities included gillnetting, electrofishing, cove rotenone 


sampling, larval fish and zooplankton sampling, purse seining, telemetry and draft tube 


sampling.  General information obtained from each sampling gear is briefly described 


below.  Specific objectives of each sampling method can be found in Nestler (1990) and 


Nestler (1991).  Gillnetting, electrofishing and rotenone sampling were used to describe 


the fish communities and to assess spatial and temporal trends in abundance of fishes;  


Larval fish sampling was used to describe spatial and temporal patterns of fish 


reproduction;  Zooplankton sampling was used to describe spatial and temporal trends in 


abundance of zooplankton; Telemetry was used to evaluate the spring and summer 


distribution of striped bass, hybrid bass, and sauger in the tailwater and to relate fish 


movements to operations at RBR dam.  Purse seining was used concurrently with mobile 


hydroacoustics to provide information on species composition and size distribution of 


fish.  Vertical gillnetting was used to relate patterns of distribution to temperature and 


dissolved oxygen. Lastly, draft tube sampling was used to determine the species, numbers 


and sizes of fish potentially susceptible to entrainment during pumpback. 


 


Methods 


 


Rotenone Sampling 


 


Rotenone sampling was conducted on J. Strom Thurmond in 1986 and 1987.  


Sampling consisted of four coves in 1986 (Buoy 140, Bussey Point, Little River - S.C., 


and Murray Creek) and five coves in 1987 (Buoy 140, Bussey Point, Cliatt Creek, Little 


River - S.C., and Murray Creek).  Data for 1985, 1990, and 1994 were obtained from the 


Georgia Department of Natural Resources (GADNR) in Serber table format.  Figure 5-1 







 
  -4 


(all Section 5 figures and tables are in Appendix B) shows the approximate locations of 


each cove.  All coves were mapped each year to estimate volume and surface area. 


 


Rotenone sampling was conducted annually on Richard B. Russell from 1990 to 


1996.  Three coves were sampled each year in Richard B. Russell (Island Cove, Elbert 


Cove, and Dam Cove).  Figure 2 shows the approximate locations of each cove.  The 


three coves were mapped in 1990.  Surface area estimates for each cove in subsequent 


years were calculated using the formula: 


 


SA1990 +(SA1990 X (lake elevyear i - lake elev1990) X 0.022222) 


 


where 


SA1990 = Mapped Surface Area in 1990 


lake elev1990 = lake elevation at time of mapping in 1990 


lake elevyear i = lake elevation at time of sampling in 1991-1996 


0.022222 is a constant 


 


This equation was derived from the area capacity curve for RBR. The 


relationship between surface area and lake elevation was approximately linear across the 


range of elevations encountered in August for the years 1990 to 1996 (473 to 478).  The 


slope of the relationship was 0.022222 indicating that surface area increases by 2.2222 


percent per foot of increase in elevation. 


 


Procedures in 1985 and 1986 were consistent with those used by GADNR and 


GADNR personnel often provided assistance during sampling (on coves in Georgia).  A 


block net was set across the mouth of the cove the evening prior to sampling, rotenone 


was applied the next day, and fish were picked up for two days. 


 


Routine Gill Netting 
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Gill net sampling was conducted at eleven stations in JST from July 1986 to 


September 1988 (Figure 5-1). Stations 1-4 were sampled monthly while stations 5-11 


were sampled approximately quarterly.  Gillnetting effort at station 1 was increased in 


October of 1987 to include moratorium (non-generation) samples.  From October 1988 to 


October 1996 stations 1-5 were sampled monthly.  Gillnet sampling was conducted 


monthly at five stations (21-25) in RBR for the period of May thru October from 1990 to 


1996 (Figure 5-2). 


 


WES personnel sampled JST from February to June in 1986. However, the nets 


used were multifilament and configured slightly different than those used by GCFWRU.  


Therefore, these data were omitted from long term trend analyses. 


 


Sampling effort for both lakes typically consisted of four experimental gill nets 


(replicates) at each station, except for non-moratorium samples at JST station 1 which 


consisted of two nets.  All samples were overnight sets with durations typically in the 


range of 15 to 24 hours.   


 


From July 1986 to February 1992, the experimental nets were 45.72m X 2.44m 


and consisted of six 7.62m X 2.44m panels .  Mesh sizes (bar measure, mm) across the 


panels were  25.4, 38.1, 50.8, 63.5, 76.2 and 88.9.  No effort was made to record the 


mesh sizes that fish were captured in.  From March 1992 to October 1996, the 


experimental nets were 76.20m X 2.44m and consisted of ten 7.62m X 2.44m panels.  


Mesh sizes (bar measure, mm) across the panels were 9.5, 12.7, 19.1, 25.4, 38.1, 50.8, 


63.5, 76.2, 88.9, and 101.6.  The mesh size was recorded for each fish sampled. 


 


Because meshes less than one inch were not used prior to 1992, the data were 


split into two data sets for analysis.  The first set consisted of data from meshes that were 


25.4 mm and larger (July 1986 to October 1996).  The second set consisted of data from 


the 9.5, 12.7 and 19.1mm meshes (March 1992 to October 1996).  Station groupings for 


JST analysis were determined by the RBR Coordination Group (CG) and were primarily 


based on proximity of the stations to Russell Dam and each other.  For J Strom 


Thurmond, the groupings were station 1 (tailrace), stations 2-4 (tailwaters), station 5 


(Broad River) and stations 6-11 (downlake).  For Richard B Russell, the groupings were 
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stations 21-23(downlake), station 24 and station 25.  Stations 21-23 were pooled because 


of their close proximity to each other and Russell Dam (i.e., these stations would be the 


most impacted by immigration or emigration of fish from dam operations). 


 


Electrofishing 


 


Electrofishing samples were collected at eleven stations (consistent with 


locations for gillnet sampling) in JST from July 1986 to September 1988.  Stations 1-4 


were sampled monthly while stations 5-11 were sampled approximately quarterly.  From 


October 1988 to October 1996 stations 1-5 were sampled monthly.  Electrofishing 


samples were collected monthly at five stations in RBR (consistent with locations for 


gillnet sampling) for the period of May thru October from 1990 to 1996. 


 


Sampling effort consisted of three permanent transects (replicates) of equal 


length (152 m) at JST stations 2-11 and RBR stations 21-25.  These transects were 


randomly selected at the beginning of the study from 20 possible transects at each station. 


 Sampling effort consisted of three longer transects at JST station 1.  Replicates at station 


1 were approximately 300m each along the Georgia shoreline, the South Carolina 


shoreline, and along the dam face.  Station groupings for analysis were the same as those 


for gillnetting. 


 


Horizontal “Clupeid” Gill Netting 


 


Horizontal clupeid netting was conducted from April 1989 to February 1992 on 


J. Strom Thurmond and from May 1991 to October 1991 on Richard B. Russell.  


Sampling effort consisted of two or four experimental gill nets (replicates) at each station. 


 All samples were overnight sets with durations typically in the range of 15 to 24 hours.  


The experimental nets were 22.86m X 2.44m and consisted of three 7.62m X 2.44m 


panels .  Mesh sizes (bar measure, mm) were 12.7, 19.1, and 25.4.  The mesh size was 


recorded for each fish sampled. 
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Blueback herring, gizzard shad and threadfin shad were the targeted species of 


these nets with other fishes considered as incidental catch.  However, catch of gizzard 


shad was generally low in these nets relative to nets with larger meshes.  Therefore, 


analysis of catch was limited to blueback herring and threadfin shad. 


 


Defining Principal Components of the Fish Community 


 


The Index of Relative Importance (IRI) was used to define the species that were 


principal components of the fish community.  Because of differential selectivity or gears,  


IRI scores were calculated for each gear.  Each species IRI score within gear was 


calculated using the formula: 


 


Species IRI = (% by number + % by weight) X F.O. 


 


where 


 


% by number =  the percent of total catch by number 


% by wt = the percent of total catch by weight 


F.O. = percent of samples that caught at least one fish of the species 


 


  Data analyses for these gears were limited to total catch and the top ten IRI 


species for each gear.  Spatial and temporal trends were identified from plots of catch per 


unit effort (CPUE) by kilograms and numbers over time.  Each page consisted of three 


graphs per station grouping: mean catch by month over the entire sampling period, mean 


catch by month with the median plotted as a measure of central tendency for the month, 


and coefficients of variations (CV’s) for the monthly means.  When evaluating seasonality 


of catch, ranges of the means and the medians were compared among months.  


Evaluations of size composition were based on the surer size categories used for the 


rotenone tables (see Section 1 of Appendix C).  All fish collected were used to calculate 
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size distributions by surber categories.  


 


Ichthyoplankton Sampling 


 


Ichthyoplankton sampling was conducted on JST from 1987 to 1989.  Samples 


were collected in the channel at each station using a conical plankton net with a mouth 


diameter of 0.5m, a length of 1.8m, and 505 µm mesh.  Sample tows were stepwise 


oblique tows starting at 4 m deep and ending at the surface.  Total time per tow was ten 


minutes (approximately 2.5 minutes at each 1 m depth interval).  A flow meter was 


mounted in the mouth of the net to estimate total volume of water sampled.  Four replicate 


tows were collected at each station.  Stations were the standard stations in J. Strom 


Thurmond. 


 


Zooplankton Sampling 


 


Zooplankton sampling was conducted on JST from 1987 to 1989.  Samples were 


collected in the channel at each station using a conical plankton net with a mouth diameter 


of 0.5m, a length of 2.0m, and 64µm mesh.  Samples were vertical tows.  The net was 


lowered to a depth of 4.6m and raised to the surface with an electric winch.  Total volume 


of each tow was approximately 0.9 m3.  Four replicate tows were collected at each station. 


 Stations were the standard stations in J. Strom Thurmond except for station 0 which is 


the Richard B. Russell forebay. 


 


Telemetry 


 


Telemetry studies were conducted in 1987 and 1988.  Hybrid bass, striped bass, 


and sauger were collected primarily with gillnets and radio transmitters were surgically 


implanted or externally mounted depending on the size and the condition of the fish.  


Routine tracking was conducted by boat or plane twice per week in the tailwater area and 
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once per week outside of the tailwater area using a scanning receiver and hand-held 


directional antenna.  Tracking was also performed on a diel basis (every 4 to 6 hours over 


 24 or 48 hour periods) in the immediate tailwater area (within 4 km of RBR dam). 


 


Other Sampling Gears 


 


Vertical gillnetting was conducted on JST in 1988 and 1989 to relate patterns of 


vertical distribution to temperature and dissolved oxygen.  Sampling effort consisted of 


two or four vertical gill nets (replicates) at each station.  All samples were overnight sets 


with durations typically in the range of 15 to 24 hours.  The vertical nets consisted of two 


adjacent 1.8m panels that extended from the surface to the bottom.  Mesh sizes (bar 


measure, mm) across the panels were 12.7 and 19.1. The mesh size and depth was 


recorded for each fish sampled. 


 


Blueback herring and threadfin shad were the targeted species of these nets with 


other fishes considered as incidental catch. Therefore, analysis of catch was limited to 


blueback herring and threadfin shad. 


 


Purse seine samples were collected in 1988 and 1989 concurrent with 


hydroacoustic samples at the base of Russell Dam.  These data were collected to provide 


verification of species composition and size distribution to complement mobile 


hydroacoustics sampling.  The protocol was to follow the hydroacoustics boat and deploy 


the seine (20 ft X 300 ft) when a large congregation of fish was found.  Sampling effort 


(number of times the seine was deployed) was dependent on catch.  The net was usually 


deployed until a minimum sample size of 100 to 200 fish was obtained.  No effort was 


made to quantify total catch once the minimum sample size was obtained.  When large 


numbers of fish were collected, fish were randomly subsampled for species composition 


and lengths.  Because no attempts were made to standardize effort or quantify total catch, 


these data were not used to examine seasonality of catch. 


 


Draft tubes at RBR were dewatered periodically to determine the species, 


numbers, and sizes of fish present and potentially susceptible to entrainment during 
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pumpback.  Draft tube sampling was conducted from 1988 to 1994, but the frequency of 


samples was variable.  Draft tube gates were set in place before penstocks were closed to 


minimize the escape of fish as the water was removed.  All fish remaining in the draft tube 


after dewatering were collected, identified, measured to the nearest millimeter and 


weighed to the nearest gram. 


 


All Data 


 


Section 1 of Appendix D provides all gillnet configurations used over the course 


of study. The actual number of samples (replicates) collected for each reservoir and gear 


is provided by month in Section 2 of Appendix D.  


 


The accuracy of the digital data against the original field sheets was verified 


through a combination of computer programs and manual line by line proofing.  All 


“questionable data” output by proofing programs were verified against the original sheets 


and approximately 90 percent of all data were manually proofed independent of the 


computer proofing.  Therefore, most “questionable data” were verified twice. 


 


After proofing, plots of weight versus length by species revealed a number of 


aberrant lengths and/or weights.  These points represented very small percentage of the 


data and were considered field measurement errors.  The magnitude of some of the points 


warranted correction prior to analysis or summarization of data by weights.  Therefore, 


regressions of log10 weight versus log10 length were calculated for each species by 


reservoir and used to replace suspected field errors and missing weights.  Essentially, as 


data were read into a working data set by SAS, fish weights that were 30 percent less than 


or 35 percent greater than the predicted weight (based on length) were replaced by the 


predicted weight.  These bounds were fitted by eye to approximate the 95 percent 


confidence intervals about the regressions using all data.  Section 3 of Appendix D 


provides the  regression equations for each reservoir and species and plots of weight 


versus length for selected species. 
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Results 


 


J. Strom Thurmond Reservoir 


 


Rotenone Sampling 


 


The top 10 IRI species for this gear were: bluegill sunfish, threadfin shad, 


gizzard shad, largemouth bass, redear sunfish, warmouth sunfish, yellow perch, common 


carp, black crappie, and spotted sucker.  These ten species accounted for over 91 percent 


by number and 82 percent by weight of all fish caught during the five years evaluated 


(Tables 5-1 and 5-2).  The top 10 IRI species accounted for 84 percent, 76 percent, 88 


percent, 81 percent, and 78 percent of the total biomass sampled in 1985, 1986, 1987, 


1990, and 1994, respectively (Table 5-3). 


 


Total fish biomass varied considerably across the five years (range 70 to 255 


kg/ha; Figure 5-3).  Total biomass by cove varied temporally and spatially (Figures 5-4a 


and 5-4b).  Patterns of annual variation were similar among coves in direction but differed 


in magnitude.  Biomass among coves within a year (spatial variation) varied greatly and 


showed no distinct patterns, with the exception of Little River, which had the highest 


biomass of all coves in the two years it was sampled. 


 


Biomass by species was highly variable among years (Table 5-3).  Percent of 


total biomass by species varied among coves and between years for the same coves 


(Figure 5-5).  Bluegill sunfish were the dominant species by weight in all years.  Gizzard 


shad and largemouth bass were one of the top five biomass contributors every year 


sampled.  The other top 10 IRI species that ranked in the top five biomass species were 


redear sunfish (3 years), spotted sucker (2 years), common carp (2 years), threadfin shad 


(1 year) and black crappie (1 year).  Silver redhorse was the only species outside of the 


top 10 IRI species that ranked as one of the top five biomass contributors in any year (1 
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year). 


Size composition was variable for some species and relatively constant for others 


across years (Figure 5-6).  Black crappie exhibited the widest variation in size across 


years with the percent (by weight) of harvestable sized black crappie going from 76 


percent in 1985 to 20 percent in 1994, respectively.  Common carp exhibited no variation 


with 100  percent of all carp being harvestable size. 


 


Information for all fish caught are summarized in Appendix C (Sections 2 and 


3).  Section 2 provides summaries by year in standard Surber table format.  Section 3 


provides catch for all species by cove and year and the weighted mean for all coves by 


year.  


 


Routine and Moratorium Gill Netting (meshes 25.4 mm and larger) 


 


The top 10 IRI species for this gear were: gizzard shad, hybrid bass, striped bass, 


longnose gar, common carp, silver redhorse, channel catfish, river carpsucker, black 


crappie, and white perch.  These ten species accounted for over 90 percent and 91 percent 


of the total number and weight of fish caught during the study period, respectively (Tables 


5-4 and 5-5). 


 


Spatial Variability in CPUE Among Months 


 


Seasonality in total catch (all species) was much more pronounced at stations 1 


moratorium (1M) and 1 non-moratorium (1NM) than the other stations (Figures 5-7 and 


5-8).  Median CPUE’s of total catch by number and weight were much higher at stations 


1M and 1NM during the period of March to May than other months.  Catch at 1M and 


1NM were also higher than the other stations during these months.  Stations 2-4 and 5 


showed no obvious seasonality in CPUE by weight though median CPUE’s were slightly 


higher in March and April, respectively.  Station 5 showed a more pronounced peak in 


median CPUE by number in April and May.  Median CV’s showed slight variation among 
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stations and months , but ranges of CV’s were generally similar among stations and 


months.  The similarity in CV’s suggests that, on the average, precision of estimates is the 


same for all stations and months. 


 


Several IRI species showed distinct spatial trends in CPUE among months (see 


Figures 5-9 thru 5-28).  For hybrid bass, highest CPUE at all stations occurred in March 


and April.  Longnose gar had essentially zero CPUE’s at all stations from December to 


April.  Common carp catch was highest at 1M and 1NM in April and May.  Silver 


redhorse CPUE’s were essentially zero at stations 1M and 1NM from June to November.  


River carpsucker were rarely caught at stations 1M and 1NM in months other than April 


and May, and were generally not caught at other stations during summer months. 


 


Spatial Variability in CPUE Among Years 


 


Mean annual catch rates for all species and the top 10 IRI species are provided 


in Figures 5-29 and 5-30.  Because catch was highly seasonal for certain species and 


stations, means for years with missing samples should be evaluated carefully and the 


likely result of the missing samples on the calculation of the mean taken into account.  For 


example, total catch for station 1M is probably underestimated in 1990 and 1991 because 


March and April, respectively, were not sampled and are typically the highest catches of 


the year for that station. 


 


Mean annual total CPUE (all species) by kilograms and numbers were variable 


among years and between stations for the same year.  Station 1NM had the two highest 


CPUE’s by weight for the study period and was typically higher than all other stations 


within years.  CPUE by number and weight at station 1NM decreased from 1986 to 1992 


but has been fairly constant since 1992.  There was an opposite trend at Station 5 where 


CPUE remained at relatively low levels until 1992 and then increased to higher levels 


until the end of the study period.      


 


Annual catch rates for the top 10 IRI species varied greatly among years and 


between stations.  Gizzard shad were generally most abundant at station 2-4 until 1992.  
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In 1992, biomass and numbers of shad increased at station 5 to levels roughly equivalent 


to stations 2-4.  Catch at 1M and 1NM were variable among years but usually relatively 


low.  Annual catch rates of hybrid and striped bass were highest at 1NM for most years.  


Stations 1M, 2-4 and 6-11 were similar in range of CPUE’s by weight.  Mean annual 


CPUE of hybrid and striped bass at station 5 was relatively low for the entire study 


period.  Longnose gar showed longitudinal patterns in distribution with CPUE being 


highest at the downlake stations (6-11), moderate at station 5, low at stations 2-4, and 


always very low at stations 1M and 1NM.  CPUE by  biomass of common carp was 


comparable among stations overall, but much more variable at stations 1M and 1NM than 


the other stations.  CPUE of silver redhorse decreased sharply at station 1NM in 1990 and 


has remained low.  CPUE at other stations has been fairly constant among years.  Prior to 


1990, CPUE of silver redhorse was much higher at station 1M than other stations.  Since 


1990, CPUE was highest at stations  


2-4.  Silver redhorse were virtually non-existent in downlake samples, with zero catches 


reported for two of the three years sampled.  Channel catfish CPUE showed pronounced 


longitudinal spatial patterns in distribution.  Channel catfish were virtually absent from 


stations 1M and 1NM, present in low abundance at stations 2-4, and relatively abundant 


at stations 5 and 6-11.  Channel catfish CPUE’s were highly variable among years at 


station five, but have increased steadily since 1991.  River carpsucker also showed 


longitudinal patterns of distribution with the highest catches in the tailwater areas.  From 


1986 to 1990, CPUE of river carpsuckers was relatively high at stations 1M, 1NM, and 2-


4, low at station 5, and close to zero at station 6-11.  Since 1990, river carpsucker 


abundance has decreased sharply at all stations.  Black crappie and white perch showed 


similar patterns in abundance both temporally and spatially.  Catch was highly variable 


among years at all stations.  However, CPUE’s of both species have increased at stations 


2-4 and 5 since 1992.   


 


Species Composition 


 


The percent of total weight represented by each species for each station and year, 


and all stations pooled, is presented in Figure 5-31.  Temporal and spatial patterns are 


similar to those discussed above, but evaluate trends relative to total catch rather than 


tracking catch of a particular species.  For example, even though catch of white perch 
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increased three-fold (by weight) at station 5 in 1996, Figure 5-31 shows that white perch 


are still a minor component of the overall catch of this gear in terms of biomass.  The 


relative importance of each species overall is best illustrated by the data pooled among 


stations (Figure 5-31, All stations). 


 


Size Composition 


 


There was little variation in size composition for all IRI species (Figure 5-32) 


with the majority of biomass consisting of harvestable sizes.  This is likely the result of 


gear selectivity  (i.e., this evaluation is only using fish from meshes greater than or equal 


to 25.4 mm) for larger fish and is probably not indicative of the relative abundance of 


smaller size classes. 


 


Routine and Moratorium Gill Netting (meshes less than 25.4 mm) 


 


The top 10 IRI species for this gear were: blueback herring, threadfin shad, 


longnose gar, gizzard shad, white perch, hybrid bass, yellow perch, striped bass, channel 


catfish, and spottail shiner.  These ten species accounted for over 98 percent and 97 


percent of the total number and weight of fish caught during the study period, respectively 


(Tables 5-6 and 5-7).  Three species (blueback herring, threadfin shad and longnose gar) 


dominated the catch and accounted for over 92 percent and 78 percent of the numbers and 


weight of fish collected, respectively. 


 


Spatial Variability in CPUE Among Months 


 


Seasonality in total catch (all species) was much more pronounced at stations 1M 


and 1NM than the other stations (Figures 5-33 and 5-34).  Median CPUE’s of total catch 


by number and weight were much higher at stations 1M and 1NM during the period of 


April to June than other months.  Catch at 1M and 1NM were also higher than the other 


stations during these months.  CPUE at stations 2-4 and 5 were highest during warm 


weather months (May thru September).  Ranges of  CV’s  were generally similar among 
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stations and months. 


 


Numerous IRI species showed distinct spatial trends in CPUE among months 


(Figures 5-35 thru 5-54).  For blueback herring, CPUE’s were highest at all stations in 


April and May and highest at stations 1M and 1NM.  Threadfin shad, gizzard shad and 


longnose gar were only caught in warmer months with zero or low CPUE’s at all stations 


from November to April.  Catch of threadfin shad was much higher at station 1 during 


moratorium periods than non-moratorium periods.  CPUE’s of gizzard shad and longnose 


gar were highest at stations 2-4 and 5.  Catch of yellow perch was highest from February 


to April at stations 1M and 1 NM, but similar among months at stations 2-4 and 5.  


Spottail shiner CPUE’s were variable but were highest at stations 1M and 1NM from 


February to June.  White perch, hybrid bass, striped bass, channel catfish showed no 


consistent seasonal trends in catch. 


 


 


 


 


Spatial Variability in CPUE Among Years 


 


Mean annual total CPUE (all species) by kilograms and numbers were variable 


among years and between stations for the same year (Figures 5-55 and 5-56).  Total catch 


was usually highest at stations 1M and 1NM within years. 


 


Annual catch rates for the top 10 IRI species varied greatly among years and 


between stations.  Blueback herring were generally most abundant at stations 1M and 


1NM and virtually absent from station 5.  Annual catch rates of threadfin shad were 


variable among years, but patterns of annual variation were similar across stations.  


Annual catch of longnose gar was highest at stations 2-4 and 5 and relatively constant 


from 1992 to 1996.  Annual CPUE’s for gizzard shad were variable with no discernable 


patterns.  Annual abundance of white perch has increased at all stations from 1992 to 


1996.   Annual catch of threadfin shad, longnose gar, gizzard shad, and white perch were 







 
  -17 


much lower at station 1 in non-moratorium samples than moratorium samples.  Annual 


CPUE’s for hybrid bass were variable with no discernable annual patterns, but were 


highest at station 1M for three of the five years.  Annual CPUE’s for yellow perch were 


highest at station 1M, similar at stations 1NM and 2-4, and low at station 5 for all years.  


Annual CPUE’s for striped bass were variable with no discernable annual patterns.  


Channel catfish catch was much higher at station 5 in all years than the other stations.  


Spottail shiner abundance was variable among years but was generally higher at stations 


1M and1MN than the other stations.  


 


Species Composition 


 


The percent of total weight represented by each species for each station and year, 


and all stations pooled, is presented in Figure 5-57.  Blueback herring dominated the 


catch at Stations 1M and 1NM while threadfin shad and longnose gar dominated the catch 


at stations 2-4 and 5. 


Size Composition 


 


There was slight variation in size composition among years and between stations 


within years for all IRI species (Figure 5-58).  For example, intermediate sized fish 


composed the majority of the blueback herring catch (by number) in all years at all 


stations. 


 


Electrofishing 


 


The top 10 IRI species for this gear were: bluegill sunfish, largemouth bass, 


yellow perch, silver redhorse, spottail shiner, redear sunfish, spotted sucker, gizzard shad, 


threadfin shad and whitefin.  These ten species accounted for over 90 percent and 80 


percent of the total number and weight of fish caught during the study period, respectively 


(Tables 5-8 and 5-9). 
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Spatial Variability in CPUE Among Months 


 


There was no identifiable seasonality in total catch (all species) at any station, 


except that median CPUE’s were lowest at station 5 in June and July.  Median CPUE’s at 


other stations, and other months for station 5, varied differently in numbers and weight, 


and ranges of mean CPUE’s were highly variable within months (Figures 5-59 and 5-60). 


 Median CV’s showed slight variation among stations and months , but ranges of CV’s 


were generally similar among stations and months.   


 


Relatively few of the IRI species showed spatial trends in CPUE among months 


(Figures 5-61 thru 5-80).  Yellow perch had the highest CPUE’s at station 1 from January 


to June.  CPUE’s of silver redhorse were lowest at station 5 in June and July.  Spottail 


shiner abundance was highest at station 1 from January to April and lowest at stations 2-4 


and 5 from May to August and May to June, respectively). 


 


Spatial Variability in CPUE Among Years 


 


Mean annual total CPUE (all species) by kilograms and numbers were highly 


variable among years and between stations for the same year (Figures 5-81 and 5-82).  


Over all years, mean total CPUE by weight tended to be highest at station 1, was similar 


at stations 2-4 and 5, and slightly lower at station 6-11.       


 


Annual catch rates for the top 10 IRI species also varied among years and 


between stations.  Bluegill sunfish and largemouth bass showed similar trends in CPUE 


by weight over time and space.  CPUE by weight has steadily decreased at all stations 


since 1992.  CPUE of yellow perch showed a longitudinal distribution with highest catch 


rates at station 1, followed by much lower CPUE’s at station 2-4, and very low CPUE’s at 


stations 5 and 6-11.  CPUE’s of silver redhorse were highest and approximately  equal at 


stations 2-4 and 5.  CPUE of silver redhorse at station 6-11 was very low.  CPUE’s of 


spottail shiner and redear sunfish were variable, but similar (within species) among 


stations.   CPUE’s of spotted sucker and gizzard shad showed different patterns between 
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CPUE by number and CPUE by weight.  Highest numbers of both species occurred at 


station 5 while the highest biomass generally occurred at station 1.  This discrepancy was 


related to the size distributions of spotted sucker and gizzard shad at each station (see size 


composition section).  Annual CPUE of threadfin shad was sporadic for all stations  and 


revealed no clear spatial patterns in abundance.  Lastly, abundance of whitefin shiner was 


highest at station 2-4. 


 


Species Composition 


 


The percent of total weight represented by each species for each station and year, 


and all stations pooled, is presented in Figure 5-83.  Bluegill sunfish, largemouth bass 


and, to a lesser extent, spotted sucker were major components of catch at all stations.  


Silver redhorse was a major biomass contributor at stations 2-4 and 5, but not at stations 1 


or 6-11.  


 


Size Composition 


 


Size composition was variable for most IRI species among stations and years 


(Figure 5-84) but general statements can be made for some species.   Species which had 


one size group that typically contributed to the majority of the numbers for that species 


were: bluegill sunfish - intermediates; largemouth bass -  harvestables; silver redhorse - 


harvestables; and redear sunfish - harvestables.  Size distributions of spotted sucker and 


gizzard shad varied by station.  All spotted suckers and gizzard shad collected at station 1 


were of harvestable size.  At station 5, fingerling and intermediate sizes made up a large 


percentage of the fish collected in most years.  Size distributions of yellow perch were 


variable, but the presence or absence of fingerlings was similar among stations within 


years.  Fingerling yellow perch were captured in relatively higher numbers from 1986 to 


1988 and again in 1993 to 1995.  Whether this phenomenon is random, related to slower 


growth in those years, or related to cyclic reproduction is unknown. 


 


Horizontal “Clupeid” Gill Netting 
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This section presents results from the original horizontal blueback herring nets 


that were set from April of 1989 to February of 1992.  Samples were also obtained in 


March and August of 1996 (concurrent with hydroacoustics sampling) but had different 


objectives than the previous sampling, used a different net configuration and have already 


been reported by Bruce and VanDenAvyle (reports attached as appendices G and H).  


Therefore, the 1996 data are not included in these results.  For the 1989 to 1992 data, 


only blueback herring and threadfin shad data are summarized, but information on catch 


of all other species is presented in Tables 5-10 and 5-11. 


 


Spatial Variability in CPUE Among Months 


 


Blueback herring CPUE’s were highest at all stations in April, May and June 


with the highest CPUE’s at stations 1 (Figures 5-85 and 5-86).  CPUE’s of threadfin shad 


were highest from May to October at all stations (Figures 5-87 and 5-88).  Abundance of 


threadfin shad was lowest at station 1 in all months.  Though lowest at station 1, peak 


catches approached 80 fish/net.  


 


Spatial Variability in CPUE Among Years 


 


Mean annual total CPUE (both species) by kilograms and numbers were variable 


among years and between stations for the same year (Figures 5-89 and 5-90).  Total catch 


was highest at station 1 within years.  Blueback herring were most abundant at station 1 


and virtually absent from station 5 in all years.  Annual catch rates of threadfin shad were 


variable among years, but patterns of annual variation were similar across stations.  


Abundance of threadfin shad was lowest at station 1 in all years.  


 


Species Composition 
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The percent of total weight represented by each species for each station and year, 


and all stations pooled, is presented in Figure 5-91.  Blueback herring dominated the 


catch at station 1  while threadfin shad dominated the catch at stations 2-4, 5, and 6-11.  


Across the lake as a whole (All Stations), blueback herring biomass increased steadily 


from 1989 to 1992 relative to threadfin shad biomass. 


 


Size Composition 


 


There was slight variation in size composition among years and between stations 


within years for either species (Figure5-92).  Intermediate sized fish composed the 


majority of the catch (by number) for both species in all years and at all stations. 


 


Ichthyoplankton Sampling 


 


The following results are paraphrased from VanDenAvyle (1990) and Zimpfer 


(1990).  Additional references (attached as appendices E and F) relating to larval fishes in 


J. Strom Thurmond are Higginbotham (1991) and Betsill (1996) . 


 


Four major taxa made up more than 98 percent of the larvae collected at all sites. 


 The four taxa were clupeids (threadfin shad, gizzard shad, and blueback herring), 


crappies (white crappie and black crappie), sunfish (bluegill, redbreast, redear, and 


several others), and yellow perch.  Species composition was similar among regions of the 


lake.  Larval fish densities were lowest at tailwater stations (1-3) and highest at tributary 


stations (4, 5, 6, and 11). 


 


Spawning peaks varied by up to a month annually, but relative timing for the 


four major taxa was the same.  Yellow perch were the earliest spawners, followed by 


crappies, clupeids and sunfish.  The timing of spawning was similar among regions of the 


reservoir within each year. 
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For samples in the immediate area of the dam, larval fish abundance was very 


low in the Richard B Russell forebay and at station 1.  This finding suggested that few 


larvae were entering JST from RBR.  Abundance of larvae in the tailwaters generally 


increased with distance from the RBR Dam.  Lastly, diel studies at station 2 revealed that 


densities of larval fish were always low during or immediately after generation. 







 
  -23 


 


Zooplankton Sampling 


 


The following results are paraphrased from Betsill (1996).  An additional 


reference relating to zooplankton and larval feeding in J. Strom Thurmond is 


Higginbotham (1991). 


 


Rotifers (14 genera) averaged more than 70 percent of total zooplankton 


collected each year.  The seasonal progression in relative abundance of rotifer genera was 


Polyarthra (February to May) to Keratella (June) to a variety of small rotifers consisting 


of Conochilus, Pleosoma, Conochiloides and Branchionus (July).  Crustacean 


zooplankton made up a small proportion of total zooplankton and only copepod nauplii 


regularly exceeded 10 percent.   


 


Significant differences in abundance of rotifers were found between uplake and 


downlake areas on 15 of 17 dates.  Differences in zooplankton abundance were also 


found between mainlake sites and embayments but were ephermeral in nature.  Spring 


peaks in zooplankton abundance occurred later at upstream sites than at downstream sites. 


 


Telemetry 


 


The following results are paraphrased from Welch (1990).  An additional 


references (attached) relating to radio tracking of hybrid bass and sauger in J. Strom 


Thurmond are Windham (1986) and Earle (1991), respectively. 


 


Hybrid and striped bass were widely distributed in the upper portion of the 


reservoir during spring months (March to May).  However, movements of fish from June 


to September were limited to certain locations along the upper Savannah arm of the 


reservoir.  Sauger movements were restricted to the tailwater area throughout the spring 


and summer of both years. 
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Conventional operation of RBR Dam had little influence on the movements of 


hybrid bass or sauger.  In addition, there were no movements toward or away from the 


dam in response to generation. 


 


Other Sampling Methods 


 


Vertical gillnetting showed distinctly different behavioral distributions of 


blueback herring and threadfin shad during stratified periods of the year (July, August, 


and September).  Blueback herring occurred at depths of 4-14 meters where temperatures 


ranged from 17-24 0C (Figure 5-93).  Threadfin shad occurred primarily in the upper two 


meters of the water column at temperatures of 24-29 0 C.  Temperature was an important 


factor in distribution of bluebacks as approximately 30 percent of blueback herring were 


found at temperatures where dissolved oxygen levels were below 5 ppm. 


 


Blueback herring appeared to move uplake as stratification became more 


pronounced (Figure 5-94).  Catch of bluebacks was highest at downlake stations (9 and 


10) in May and June but higher at stations 7 and 8 in July August and September.  


Blueback herring were rarely caught at any time up the Little River arm in Georgia 


(station 11).  Surprisingly, catch of threadfin shad was also lower downlake from July to 


September.  Threadfin appeared to move up both the Savannah and Little River arms 


during the summer as catch increased at stations 7, 8 and 11 during this time. 


 


Purse seine samples at station 1 caught few fishes other than blueback herring 


and threadfin shad (Table 5-24).  Blueback herring were usually the dominant species and 


often comprised 100 percent of the catch for a given month (Figure 5-95).   Catch of 


threadfin shad was sporadic among months as with the other gears previously reported.  


Length frequency distributions of blueback herring were similar within months across 


years (1988 and 1989).  Two modes of bluebacks were typically evident from March to 


June.  Modes in March were the 120 and 160 mm groups.  The 120 mm mode progressed 


to 160 to 170 mm groups by October.  The larger mode was not as easily discerned over 


time and appeared to broaden over time.  A smaller mode (70 mm) was evident only in 







 
  -25 


September 1989.  This is also the time of year that this size of blueback herring was 


recruited into the catch of small meshed gillnets.  The infrequency of capture and 


generally low numbers of threadfin shad prohibit even general conclusions regarding size 


distributions over time. 


 


Relatively few fish were collected in any of the draft tube dewatering samples 


taken from 1988 to 1994 (Table 5-25).  The mean numbers and weights (in grams) of fish 


for all samples were 13 and 543 (or 0.543 kilograms), respectively.  The highest number 


of fish collected in any sample was 44 fish in February 1988.  Forty-one of these were 


threadfin shad.  The highest biomass of fish collected in any sample was approximately 2 


kilograms in November 1988.  Over 90 percent of the biomass of this sample consisted of 


flathead catfish.  Five ictalurid species were collected and ictalurids often comprised the 


majority of biomass for all samples.  As with other gears, white perch did not appear in 


samples until 1991 and was present in all, but one, subsequent samples.  
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Richard B Russell Reservoir 


 


Rotenone Sampling 


 


The top 10 IRI species for this gear were: threadfin shad, bluegill sunfish, 


common carp, gizzard shad, yellow perch, redbreast sunfish, largemouth bass, green 


sunfish, redear sunfish, and warmouth sunfish.  These ten species accounted for over 98 


percent by number and 94 percent by weight of all fish caught during the five years 


evaluated (Tables 5-12 and 5-13).  The top 10 IRI species accounted for 94 percent, 94 


percent, 88 percent, 98 percent, 95 percent, 89 percent and 91 percent of the total biomass 


sampled from 1990 to 1996, respectively (Table 5-14). 


 


Total fish biomass varied considerably across the five years (range 48 to 186 


kg/ha; Table 5-14, Figure 5-96).  Total biomass by cove varied temporally and spatially 


(Figures 5-97a and 5-97b).  Patterns of annual variation were generally similar among 


coves in direction but differed in magnitude.  Total kilograms/hectare was highest for all 


coves in 1994.  Within years (spatial variation), Dam cove had the lowest biomass 


estimate every year except for 1991.  Island and Elbert coves varied in relation to each 


other, but were generally similar. 


 


Biomass by species was highly variable among years (Table 5-14).  Percent of 


total biomass by species varied among coves and between years for the same coves 


(Figure 5-98).  Common carp were the dominant species by weight in all years except 


1996.  Gizzard shad, bluegill, and threadfin shad were one of the top five biomass 


contributors every year sampled.  The other top 10 IRI species that ranked as one of the 


top five biomass contributors were largemouth bass (3 years) and yellow perch (1 year).  


Three species outside of the top 10 IRI species ranked as one of the top five biomass 


contributors in any year.  They were chain pickerel (5th in 1990; 1.76 kg/ha), channel 


catfish (5th in 1992; 2.39 kg/ha) and black crappie (4th in 1996; 2.2 kg/ha). 


 


Size composition was variable for some species and relatively constant for others 
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across years (Figure 5-99).  Relative abundance of fingerlings was highest in 1993 and 


1994 for many of the littoral species (yellow perch, redbreast sunfish, green sunfish, and 


warmouth sunfish). With the exception of redbreast sunfish, the higher relative abundance 


of fingerlings appears to be due to higher reproduction in 1993 and 1994 as these were 


also the years with the highest biomass of fingerlings.  For redbreast sunfish, the increase 


in the percent of fingerlings was not related to higher reproduction as the biomass of 


fingerlings in 1993 and 1994 was not appreciably higher than other years (and was lower 


than some years). 


 


Information for all fish caught are summarized in Appendix C (Sections 4 and 


5).  Section 4 provides summaries by year in standard Surber table format.  Section 5 


provides catch for all species by cove and year and the weighted mean for all coves by 


year.  


 


Routine Gill Netting (meshes 25.4 mm and larger) 


 


     The top 10 IRI species for this gear were: gizzard shad, common carp, longnose gar, 


largemouth bass, white perch, channel catfish, black crappie, hybrid bass, silver redhorse, 


and white catfish.  These ten species accounted for over 91 percent and 91 percent of the 


total number and weight of fish caught during the study period, respectively (Tables 5-13 


and 5-14). 


 


Spatial Variability in CPUE Among Months 


 


 Total catch (all species) varied by month and between stations within months 


(Figures 5-100 and 5-101).  Median catch rates were higher at stations 21-23 and 24 in 


May, but ranges in CPUE were similar among months.  CPUE’s of all species pooled 


were variable at station 25, and similar in range, among months. 


 


Because sampling was restricted to “warm weather” months (May through 
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October) each year, seasonal or monthly trends in catch were difficult to discern or were 


not apparent for most IRI species (Figures 5-102 thru 5-121). 


 


Spatial Variability in CPUE Among Years 


 


Mean annual total CPUE (all species) by kilograms and numbers was variable 


among years and between stations for the same year (Figures 5-122 and 5-123).  


However, total catch in numbers and weight were of similar magnitude with the exception 


of station 24 in 1990 and 1991 which was much lower than the other stations.  


 


Annual catch rates for the top 10 IRI species also varied among years and 


between stations.   Annual CPUE’s of gizzard shad were similar among stations in 


magnitude with the exception of station 24 in 1990 and 1991.  Abundance of carp was 


highest at station 25 in all years sampled, and similar among stations 21-23 and 24.  


Longnose gar were generally least abundant at station 24 and similar at stations 21-23 and 


25.  CPUE by weight of largemouth bass was nearly identical in magnitude and in year to 


year fluctuations at stations 21-23 and station 25.  CPUE of largemouth bass was always 


relatively low at station 24.  White perch were rarely caught at any station other than 


station 25 and annual catch at station 25 was highly variable.  CPUE’s of channel catfish 


by weight generally increased at all stations over the seven years sampled.  Abundance of 


channel catfish was lower at stations 21-23 than the other stations.   Hybrid bass were 


most abundant at station 21-23 in all years and rarely sampled at the other stations.  


CPUE’s silver redhorse were highest at station 21-23, and low or zero at stations 24 and 


25.  Lastly, CPUE’s of white catfish were generally similar at all stations among years.  


 


Species Composition 


 


Temporal and spatial patterns in species composition are similar to those 


discussed above.  For the lake as a whole (all stations), gizzard shad, common carp, and 


longnose gar made up over 50 percent of the total biomass in all years sampled (Figure 5-


124).  These three species also constituted a large portion of the biomass at each station.  
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The other top ten IRI species that generally contributed at least 10 percent to the total 


biomass at a station were channel catfish and black crappie station 24, and hybrid bass at 


station 21-23. 


 


Size Composition 


 


There was little variation in size composition for all IRI species (Figure 5-125 ) 


with the majority of biomass consisting of harvestable sizes.  This is likely the result of 


gear selectivity  (i.e., evaluation only using fish from meshes greater than or equal to 25.4 


mm) for larger fish and is probably not indicative of the relative abundance of smaller 


size classes. 
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Routine Gill Netting (meshes less than 25.4 mm) 


 


The top 10 IRI species for this gear were: threadfin shad, blueback herring, 


longnose gar, common carp, bluegill sunfish, gizzard shad, spottail shiner, whitefin 


shiner, white perch and yellow perch.  These ten species accounted for over 99 percent 


and 93 percent of the total number and weight of fish caught during the study period, 


respectively (Tables 5-17 and 5-18).  Three species (blueback herring, threadfin shad and 


longnose gar) dominated the catch and accounted for over 95 percent and 78 percent of 


the numbers and weight of fish collected, respectively. 


 


Spatial Variability in CPUE Among Months 


 


CPUE by weight of all species pooled was highly variable with no consistent 


trends among stations or months (Figure 5-126).  CPUE by number of all species pooled 


was generally much higher in May than other months at all stations (Figure 5-127). 


 


Several IRI species showed distinct trends in CPUE among months (Figures 5-


128 thru 5-147).  CPUE’s of threadfin shad and blueback herring were highest in May at 


all stations, but were variable in May among stations.  Longnose gar and common carp 


showed no distinct monthly patterns in CPUE but both species were caught more 


frequently at stations 21-23 and 25 than at station 24.  Bluegill sunfish and gizzard shad 


showed no monthly trends in CPUE.  CPUE’s of spottail and whitefin shiners were 


highest from May to June at all stations and similar among stations.  White perch and 


yellow perch were caught sporadically at all stations. Bluegill sunfish and gizzard shad 


showed no monthly trends.     


 


Spatial Variability in CPUE Among Years 


 







 
  -31 


Mean annual total CPUE (all species) by kilograms and numbers was variable 


among years and between stations for the same year (Figures 5-148 and 5-149).  Total 


catch by weight was generally highest at station 25 which also exhibited the greatest year 


to year variation.  Total catch by number (which was essentially the catch threadfin shad) 


showed no distinct annual patterns among stations. 


 


Annual catch rates for the top 10 IRI species also varied greatly among years and 


between stations within years.  In fact, few generalizations can be made from this gear.  


Common carp were generally absent from samples at station 24 with zero catch rates in 


four of the five years.  Gizzard shad were most abundant at station 24 with very low 


catches at stations 21-23 and 25. 


 


Species Composition 


 


Temporal and spatial patterns in species composition are similar to those 


discussed above.  For the lake as a whole (all stations), longnose gar averaged over 50 


percent of the total biomass for all years sampled (Figure 5-150).  Longnose gar were the 


dominant biomass species at stations 21-23 and 25 in all years, and was variable at station 


24.  Threadfin shad and blueback herring made up the largest portion of the remaining 


biomass at all stations in most years.  Common carp were sporadically important at all 


stations and gizzard shad contributed to total biomass only at station 24.   


 


Size Composition 


 


There was some variation in size composition for most IRI species (Figure 5-


151), but overall (all stations) the majority of the biomass within species generally 


consisted of a specific size, or the relative percentages of sizes were similar.  The one 


exception was blueback herring which steadily went from consisting of mostly 


harvestable sizes to consisting of mostly intermediate sizes. 
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Electrofishing 


 


The top 10 IRI species for this gear were: bluegill sunfish, largemouth bass, 


threadfin shad, redbreast sunfish, green sunfish, yellow perch, yellow bullhead, spottail 


shiner, common carp and redear sunfish.  These ten species accounted for over 97 percent 


and 84 percent of the total number and weight of fish caught during the study period, 


respectively (Tables 5-19 and 5-20). 
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Spatial Variability in CPUE Among Months 


 


Total catch (all species) varied among months and stations within months , but 


the highest catches within a year at all stations usually occurred in May or October 


(Figures 5-152 and 5-153). 


 


Few IRI species showed spatial trends in CPUE among months or monthly 


trends among years (Figures 5-154 through 5-173).  Bluegill sunfish were one of the few 


exceptions with highest CPUE’s typically in May or October, and monthly patterns within 


years were similar among stations.  Largemouth bass CPUE’s were also highest in May or 


October but there were no consistent trends among stations within years or years within 


stations.  CPUE’s of largemouth bass were higher at station 24 for most given months and 


years. There were no discernable monthly patterns in threadfin shad CPUE’s, but catch 


was generally higher at station 24 with threadfin shad being caught infrequently at the 


other stations.  CPUE’s for the other top 10 IRI species were highly variable among 


stations within months and did not show any monthly patterns across years. 


 


Spatial Variability in CPUE Among Years 


 


Mean annual catch rates for all species and the top 10 IRI species are provided 


in Figures 5-174 and 5-175.  Mean annual total CPUE (all species) by kilograms and 


numbers were highly variable among years and between stations for the same year.  Over 


all years, mean CPUE was higher at station 24 than stations 21-23 or 25.       


 


Annual catch rates for the top 10 IRI species were highly variable among years 


and between stations.  CPUE’s of bluegill sunfish, largemouth bass and threadfin shad 


were higher at station 24 in almost all years than the other stations.  Redbreast sunfish 


have generally decreased in numbers at all stations since 1992 while green sunfish 


numbers increased since 1994.  None of the other IRI species showed definable trends in 


annual abundance. 
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Species Composition 


 


Bluegill sunfish and largemouth bass constituted the majority of the biomass at 


all stations in virtually all years (Figure 5-176).  Common carp were the only other IRI 


species that frequently contributed more than 10 percent to the total biomass at all three 


stations. 


 


Size Composition 


 


Relative proportions of size classes by number were variable for some species 


and relatively constant for others.  Size composition of bluegill sunfish , largemouth bass, 


threadfin shad, redbreast sunfish and common carp  were relatively constant across years 


overall (Figure 5-177; all stations). 


 


Horizontal “Clupeid” Gill Netting 


 


Though only blueback herring and threadfin shad data are summarized below, 


information on catch of all other species is presented in Tables 5-21 and 5-22.  Because 


this gear was only used for one year, conclusions regarding spatial or temporal patterns in 


abundance were limited.  However, the distribution of catch by month for these two 


species was similar to that from the routine gillnets (meshes less than 25.4 mm) in 


following years. 


 


Spatial Variability in CPUE Among Months 


 


Blueback herring catch was highest at all stations in May and was sporadic in 


other months.  Blueback herring CPUE’s were highest at station 21-23 (Figure 5-178 and 


5-179).  CPUE’s of threadfin shad were highest in May at stations 21-23 and 25, and in 


October at station 24 (Figures 5-180 and 5-181).  Threadfin shad were caught 


infrequently (for threadfin shad) at all stations, with the highest catch for any month or 
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station being approximately four fish/net. 


Spatial Variability in CPUE Among Years 


 


No data for this gear (see routine gillnetting- meshes less than 25.4 mm).  


 


Species Composition 


 


For the catch of blueback herring and threadfin shad, blueback herring 


constituted 97 percent of the catch by weight across all stations (Figure 5-182). 


 


Size Composition 


 


Blueback herring catch consisted mostly of intermediate sizes (68 percent for all 


stations) with the remainder of catch being harvestable sizes (Figure 5-183).  Threadfin 


shad catch consisted of almost entirely of intermediate sizes. 


 


Discussion 


 


One of the goals of baseline sampling was to define temporal patterns in 


abundance of fishes at station 1 (immediate tailrace) for predicting potential entrainment 


during pumpback operation of the dam.  Predictions regarding potential entrainment 


depend on the parameter of interest (i.e., numbers or biomass).  When numbers only are 


evaluated, predictions will be based essentially on threadfin shad and blueback herring, as 


these two species totally overwhelmed all other species in terms of numbers/net during 


peak catch times.  However, threadfin shad are essentially unimportant and blueback 


herring less important in determining temporal distribution of  biomass. 


 


The culmination of baseline sampling efforts (Table 5-23) shows that the highest 


biomass of fish occurs at station 1 during the period of  March, April and May.  In fact, 
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this period encompassed all species that showed definable temporal trends in distribution. 


 Numbers of all fish other than threadfin shad were also highest during these months.  


Peaks in threadfin shad abundance ranged from March to September for all gears, and 


numbers/net (or transect) were often very high.  The “boom or bust” nature of threadfin 


shad catches suggests that potential entrainment (by number) could be very high in any 


month between March and September.  It is important to note that temporal predictions in 


entrainment are relative and do not imply that entrainment in other months will 


necessarily be low in terms of absolute numbers or biomass.   Absolute numbers cannot 


be inferred from catch rate data. 


 


Use of the top ten IRI species was a good way to represent the majority of the 


data, even for gears that collected the highest diversity of species.  The top 10 IRI species 


typically accounted for over 90 percent by number and 80 percent by weight of total catch 


for a given gear and exceeded 95 percent by number and weight for some gears.  The 


lower percentage by weight usually resulted from a few (in relative terms)  large 


individuals from a few infrequently caught species.  Because the IRI scores were 


calculated for all years and stations pooled, there were a few cases where a relatively 


large percentage of total biomass for a given station or year was from an unknown 


species.  However,  Tables 5-1 through  


5-22 provide a general idea of the non-IRI species that likely provided substantial 


biomass to catch. 


 


Defining long-term trends in abundance is important for future evaluations of the 


effects of pumpback operation on the respective fisheries.  For example, extirpation of a 


species after pumpback operations may not be related to pumpback if the species showed 


continual declines in abundance prior to 1996.  There were several long term trends 


identified for JST fishes.  Abundances of black crappie and white perch have increased in 


JST over the eleven years of study based on routine gillnetting.   These increases were 


also evident in cove rotenone sampling (Sections 3 & 4 in Appendix C).  White perch 


were not captured in rotenone samples until 1990, and increased from 5 fish/ha (0.11 


kg/ha) in 1990 to 148 fish/ha (2.66 kg/ha) in 1994.  Numbers and kilograms per hectare 


of black crappie were higher in 1994 than any previous year.  Increased presence of white 


perch was also noted in draft tube dewatering samples.  Sauger and walleye decreased in 


abundance from 1986 to 1991 and have been virtually absent from samples since.  Two 
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sauger and one walleye have been collected since 1991.  Total numbers of sauger 


collected from 1986 to 1988 were 130, 36 and 26.  Total numbers of walleye captured for 


the same years were 8, 10 , and 5.  Because almost all sauger and walleye were collected 


at stations 1 through 4, differences in annual numbers are not related to increased effort at 


stations 6-11 for those years.  Lastly, river carpsucker abundance decreased in the early 


1990's and has remained low through the end of the study period.  


 


Because of individual gear biases, a variety of gears were used during baseline 


monitoring to assess spatial and temporal patterns in relative abundance.  Regardless of 


the gear, all of the results presented assume that catch rate was related to abundance in a 


localized area (i.e., stations) at all times.  While this assumption is likely valid for most 


species and times of year, it should be noted that there are few species which may exhibit 


seasonal behavior patterns that would alter the relationship between abundance and catch. 


 For example, because gillnetting is a passive collection gear, catch rates are dependent on 


the activity levels of the fish.  Therefore, catch rates of a species like threadfin shad, 


which are lethargic at cold water temperatures, could be very low regardless of local 


relative abundance during cold weather months.  Even active collection gears like 


electrofishing may be influenced by seasonal behavior patterns of fish.  Some littoral 


species may move to slightly deeper water in colder months (and thus would not be 


captured by electrofishing) but stay in the same general area.  These cautionary statements 


do not negate the results presented above, but rather, illustrate the importance of meshing 


these results with other gears such as hydroacoustic sampling (which is less affected by 


fish behavior). 
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Fixed-Aspect Hydroacoustics Studies 


Summary 


 


       Full or partial recovery netting can be used to estimate entrainment through only one 


or two units during pumpback operation and one unit during conventional generation.  


Logistical and safety considerations prohibit recovery netting of all units during 


hydropower operation.  Fixed-aspect hydroacoustics sampling is routinely used at 


hydropower projects to estimate fish entrainment and fish passage characteristics (e.g., 


timing of passage and depth distribution of entrained fish). The entrainment estimates for 


the net and hydroacoustic systems should be compared to ensure both are accurately 


sampling fish passage.  


 


A fixed-aspect hydroacoustics system was used to monitor fish entrainment on 


all intake bays during pumpback operations at the Richard B. Russell Hydrostation during 


the Phase III study period. During the Phase III study period the hydroacoustic system 


sampled five times more unit hours of pumpback operation than the nets, and provided 


information about fish entrainment unattainable with net sampling. Study objectives for 


fixed-aspect hydroacoustics sampling during Phase III pumpback operations were;  1) 


determine if  hydroacoustics could be used to monitor entrainment rates, 2) measure 


entrainment through time, among intakes, and depths sampled,  and 3) determine whether 


the entrainment rate changed with the number of units operating.  


 


Results relating pumpback net entrainment rates to hydroacoustics entrainment 


rates reveal that hydroacoustics can be used to predict monthly entrainment rates. The 


predictive equations developed were based on both Phase II and III data because the 


differences in entrainment rates, species of fish entrained, fish sizes, and fish depths over 


the two study periods differed, and either study period alone would not adequately predict 


entrainment. 


 


Entrainment associated with pumpback operations varied during the Phase III 


study period. The highest entrainment events predicted with hydroacoustics occurred in 
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July, August and early September when threadfin shad numerically dominant in the net 


catches. During this same period the fish counted with hydroacoustics tended to be more 


surface oriented than other months, and the mean  fish size entrained dropped from 6.5 


inches to 4 inches.  The number of units pumping during a pump event was related to the 


hydroacoustic entrainment rate during Phase III testing.  Comparisons between 1,2,3 and 


4 unit pump found entrainment rates were similar when 2, 3, or all 4 units were pumping, 


but entrainment rates were nearly twice as high when multiple units pumped than when 


any single unit pumped. 


 


Entrainment rates during Phase III pumpback operations were also compared 


between pump events that were preceded by conventional generation within a 24-hour 


period (pregeneration pumps), and pump events that were not directly preceded by 


conventional generation (non-pregeneration pumps). Entrainment rates for all pumpback 


units were higher during non pre-generation than pregeneration unit pump events except 


during the month of June. Although non-pregeneration unit events comprised only 11 


percent of the total unit pump events during the period of highest entrainment (July-


August 1996) during Phase III, 67 percent of the events with entrainment rates greater 


than 10,000 fish/hour were non pre-generation pumps. 


 


A significant regression was not obtained between paired fixed-aspect 


hydroacoustics and net samples collected during conventional generation operations prior 


to Phase III operation. Additional sampling conducted during mid-June 1996 to determine 


directionality of fish in front of Unit 4 showed that two to twenty-five percent of the fish 


tracked were moving toward the intake opening. The directionality study indicated that a 


variable and sometimes low percent of tracked fish passing through the acoustic beam 


were actually entrained.      
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Phase III Fixed-Aspect Hydroacoustics Studies  


 


Introduction 


 


Fixed-aspect hydroacoustics sampling was conducted on pumpback units 5-8 during 


the Phase III study period at the Richard B. Russell Dam.  Acoustic sampling was 


designed to provide information on individually tracked fish during low density events, 


and on schooling fish during high density events.  The relationship between the fixed-


aspect hydroacoustics and netting provides predicted entrainment for pumping when net 


data are not available, and supplements the net information with spatial and temporal 


trends.  Acoustic sampling was also conducted on generation unit 4 during June 1996 to 


determine the feasibility of multiple beam acoustic tracking to determine direction of fish 


movement and assess the potential for using this technique to better predict fish 


entrainment during generation at Richard B. Russell Dam. 


 


Methods 


Hydroacoustic equipment and calibration methods for the Phase III study period 


were similar to the Phase II study.  Sampling was conducted with a Biosonics ES2000 


Echosounder generating five 0.4 ms pulses per second at 420 kHz for each transducer.  


Elliptical single-beam transducers were replaced with circular dual-beam transducers on 


all units in June 1996 to reduce noise and obtain target strength information for all units. 


Source level, receiving sensitivities , receiver gain, and wide beam drop-off for each 


echosounder and transducer combination were based on the most recent calibration of the 


equipment by Biosonics, Inc. (Table 6-1). All transducers were also field calibrated on a 


monthly basis (Table 6-2) and checked for any cable, transducer, or sounder replacement 


or modification. All field calibration adjustments were reviewed, and jointly agreed upon 


by WES and Aquacoustics, Inc.  Bottom range and any noise or apparent structure on the 


echogram was recorded for each transducer.  These values were compared with previous 


values for any divergence, indicating system malfunction.  The threshold for an 


acceptable echo was set at -56 dB to avoid echo saturation from large targets, and allow a 


sufficient signal to noise separation to distinguish background noise scatterers from fish 


targets. A single transducer was mounted in front of each intake bay (2 transducers per 


unit) on a pivoting framework attached to the dam and aimed towards the intake bay at 
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approximately 20 and 30 degrees from vertical on units 5-6 and 7-8, respectively. 


 


Biosonics data collection software ESP_DBM and ESP_EIM was used to collect 


and filter data for tracked fish and multiple targets from schooling fish, respectively.  Data 


was collected from all pumpback units by slow multiplexing between even and odd 


number transducers every 225 seconds, and fast multiplexing (sequentially switching) 


among the 4 even or odd transducers.  Data collection began prior to unit startup and 


continued until after unit shutdown for every pump event. 


 


During processing the data were analyzed utilizing either tracking or integration 


techniques. Tracking identified individual fish based on the pattern of multiple hits from 


an individual fish as it passed through the acoustic beam. Each file processed by echo 


tracking was reviewed to ensure that target groups enumerated as fish met mean target 


size (-30 to -50 dB) and a range weighted number of hits criteria.  Real-time tracking data 


was edited using the ESP_ECHO autotracking option and manual inspection.  All data 


files were edited for structure and pumping times.  Integration estimated fish passage by 


summing total reflected voltage and scaling the summed voltages by the mean voltage 


returned by a single fish. Echo integration was used to process data during May, and July 


through October, 1996.  Noise caused by the entrainment of silt during 4 unit operation 


reduced the effectiveness of echo tracking during May, and a large number of small 


threadfin shad entrained during July through October resulted in a similar problem for 


echo tracking. Integration data was output using Biosonics software READEIMC.EXE.  


The average fish size was determined by the average back-scattering cross section for all 


fish tracked during each month. The total number of fish was calculated based on 


multiplying the relative density (number of fish/m3) by the intake width (m), the intake 


velocity (m/sec), the depth interval(m), and the time interval (sec). 


 


Quality control and assurance guidelines were followed to maintain the integrity of 


the hydroacoustic database and insure no significant variance between hydroacoustic 


editors.  A one hour data file for a single transducer was randomly selected from each 


pump event and independently edited by a second editor.  A difference between editors of 


greater than 20% in the total number of fish triggered retracking of the file by both 


editors. If no consensus was reached the entire pump event was retracked.  
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Net and acoustic samples collected during Phase III pumpback operation at Richard 


B. Russell Dam were combined with those paired samples collected from April 1995 


through Phase III startup for regression analysis. Pumpback entrainment data collected 


prior to the Phase III study were used to develop the regression equations reported and 


were not expanded to predict entrainment rates over that period. Samples collected from 


April through August 1995 with missing bottom strata were not included in the analysis. 


Phase II and Phase III data were combined to calculate regressions after determining the 


Phase III regression slopes were not significantly different than data collected previously. 


The hypothesis for comparison of net and acoustic gear assumes the gear types will 


perform similarly under varying entrainment rates and species compositions.  The 


regression incorporates these variables when both gear types are effectively sampling the 


entrained population. Changes in species composition that occurred between April 1995 


and October 1996 should be included in the regression to provide a better estimate of 


entrainment for all species entrained over an annual period. 


 


The hydroacoustic entrainment estimates by event were compared with the paired 


net entrainment estimates by unweighted least squares regression.  Data from each unit 


was regressed separately to provide a regression by unit.  The predicted net entrainment 


rates by unit by month were compared with the Phase III net entrainment rate estimates by 


GLM/ANOVA to compare the means of the samples. 


 


Fixed-aspect hydroacoustic equipment and methods for generation entrainment 


sampling were similar to the pumpback study. The data used in this report were collected 


from April, 1995 through February, 1996. A dual-beam transducer was mounted in front 


of each unit and data was collected on all units by slow multiplexing between even and 


odd numbered transducers. Both tracked fish and echo integration data were collected and 


processed. 


  


A short term research initiative was conducted on conventional generation Unit 4 


over a two week period in mid-June, 1996 to determine whether hydroacoustics could 


determine direction of movement for fish near the generation intakes. Paired single beam 


transducers were installed by aiming one transducer away from the intake and 10 degrees 
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from vertical, while aiming the second transducer away from the intake and 15 degrees 


from vertical.  This configuration allowed us track fish targets and determine direction of 


fish movement near the intakes. Fish tracking parameters used in counting fish were 


similar to the 1995 conventional generation parameters. 


 


Pumpback Results 


 


Regressions between net entrainment rates and hydroacoustic rates were significant 


for all units (Figures 6-1 to 6-4), although the Unit 7 regression changed in June 1996 and 


the regression prior to mid June 1996 was significantly different at the 95% level than the 


regression after June (slope changed from 1.673 to 26.972).  These regressions were used 


to predict monthly mean entrainment rates and the predicted values were compared to the 


net entrainment rates by unit and month (Table 6-3).  The  predicted net entrainment rate ( 


_ = 1,153) based on the regressed hydroacoustic data fell within the confidence limits 


calculated from the net entrainment rates ( _ = 1,066) during Phase III operations (Table 


6-4), and ANOVA  determined the means for the net and predicted net values were not 


different for the Phase III period for the 4 units.  


 


Differences in regressions for unit 7 before and after mid June 1996 occurred when 


the entrained fish species composition changed to primarily threadfin shad.  The 


transducers on units 7 and 8 are located 17 feet higher in the water column than the 


transducers on units 5 and 6 because of the vortex hood over half of unit 7 and all of unit 


8. Although the threadfin shad were entrained by all units, the depth they passed through 


the acoustic beam varied due to the placement of the transducer and the vortex hood.  A 


total of 57% of the fish entrained by Units 5 and 6 during the July through October period 


when threadfin shad entrainment was highest passed through the acoustic beam at an 


elevation above the depth sampled by transducers on units 7 and 8. Fish entrained by unit 


8 may have been drawn below the vortex hood where they were more effectively sampled, 


however, while only one of the 2 intake bays on Unit 7 is restricted by the vortex hood the 


transducers on both intakes are placed at the lower elevation.  The change in species 


composition and vertical distribution of fish during entrainment defined the 2 different 


regressions for unit 7 when the hydroacoustic sampling efficiency became dependant on 


the depth of fish in the water column. 
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Separate regressions for only Phase III data were not constructed.  Although the data 


collected during Phase III was able to predict net entrainment values similar to the net 


values obtained during this period, the regression lines were poor predictors for pre-Phase 


III net data.  The short time period with small variances in entrainment rates, compared 


with 1995, proved to be a poor predictor over the conditions observed over the longer 


time period sampled.  The correlation coefficients were also higher for units 7 and 8 by 


including the pre-Phase III data, although the coefficients for units 5 and 6 were less when 


including all available data.  Inclusion of pre-Phase III data provides additional 


information relative to high passage events not sampled during Phase III, a complete 


annual period, as well as, between year variability that existed due to differences in 


operation and changes in entrainment species composition. 


 


Temporal changes in entrainment were evident during the Phase III study period. 


The highest entrainment events occurred from mid July through September for all units 


(Figures 6-5 to 6-8). A single pump event for Unit 5 on September 3 entrained nearly 


12% of the total entrainment for that unit over the Phase III sample period.  Similar high 


entrainment events occurred for Unit 6 on July 28 and August 4 when nearly 40% and 


17% of the total fish on Unit 6 were entrained, respectively, and also for Unit 7 on July 21 


when nearly 27% of the total for that unit were entrained.  Entrainment on Unit 8 did not 


fluctuate as much as the other units. When based on the number of hours of operation by 


month, the highest entrainment occurred during the months of July, August, and 


September (Table 6-5).  Entrainment was highest during September on Unit 5 and August 


on Unit 6.  The highest entrainment months for Unit 7 were July and August, while July 


and September were highest for Unit 8.  Entrainment was lowest in April and June for all 


units.  


 


Entrainment also varied among units during Phase III testing.  All units operated 


nearly the same amount over the Phase III period (Table 6-6), however, operation was not 


equal across units during each month of testing.  Units 5 and 6 operated more than units 7 


and 8 during April and units 5 and 8 operated less while Unit 7 operated more in August.  


Entrainment totals by Unit 8 were always less than expected based solely on hours of 


operation. For example, Unit 5 contributed 29.2 percent of the total pumpback operations 


during the month of April but entrained 40.9 percent of the monthly total (Table 6-6). 
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Conversely, entrainment total was approximately 1.9 times higher for Unit 5 during 


September and 2.3 times higher for Unit 6 during August than expected based solely on 


the proportion of pumping that each unit contributed to the power plant. Over the Phase 


III test period entrainment by Unit 6 was nearly 1.6 times the expected entrainment, based 


on hours of operation. 


 


Net sampling, because of logistic considerations, was restricted to 16 days per 


month at one unit or one bay of one unit whereas hydroacoustics could sample all bays 


and all events. We compared hydroacoustic estimates of entrainment with net estimates of 


entrainment for those days in which netting was perfomed (Table 6-7). Net expansions 


were calculated by multiplying the number of hours of pumping times the overall mean of 


the mean passage rates for each event. Unit-by-unit passage using net data was estimated 


by taking the number of hours of operation that a particular unit was operating with 


concurrent netting (even though the netting may have been at a different unit). This 


estimate of unit specific net entrainment was paired to direct estimates of passage 


obtained from the hydroacoustics monitoring system. This comparison indicates that 


when netting samples a significant proportion of total pumping time then consistency with 


hydroacoustic estimates is high. For example, in April, net sampling was conducted 85.2 


percent of the total time that unit 5 was in operation. Total unit 5 net entrainment is 


calculated as : APRIL MEAN NETTING ENTRAINMENT RATE * NUMBER OF 


HOURS OF OPERATION FOR THE POWER PLANT * .852. Total concurrence in 


passage estimation between hydroacoustics and netting is indicated when the two 


percentages are identical. For April on unit 5, the estimated relative passage of 82.7 


percent based on hydroacoustics is close to the net based estimate of 85.2 percent 


indicating concurrence between the two gears. Conversely, in July, Units 6 and 7 did not 


have concurrence between hydroacoustics and netting. This deviation in occurrence is 


likely attributed to two reasons. First, pumpback operation is considerably less in April 


than July, therefore increasing the porportion of net sampling to total operation. Secondly, 


the entrainment of threadfin shad in July is variable with occasional high events which 


increases the likelihood that passage estimates based on netting will decrease in accuracy 


(Figure 6-7). Subsampling with nets predicts entrainment well when variability is low and 


the percentage of events sampled is high. 


 


The number of units pumping during a pump event was related to the 
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hydroacoustic entrainment rate during the April through June period of Phase III testing. 


Comparisons between 1,2,3 and 4 unit pump operations by ANOVA of the mean 


entrainment rates (number of fish/hour) indicate significantly lower entrainment rates for 


single unit pumps over multiple unit pumps at the 95% level (Table 6-8). Net data show 


similar trends, although the sample size is insufficient to test 3 unit pumps.  Sample 


comparisons were restricted to the April - June 1996 period due to the lack of single unit 


pumps after June.  The entrainment rate was significantly higher after June so all data 


could not be combined.  Mean entrainment rates during 2, 3, and 4 unit pumps were not 


significantly different. 


 


Entrainment rates were compared between pre-generation and non pre-


generation pump events to determine if Richard B. Russell conventional generation 


affected pumpback entrainment rates. When conventional generation operations preceded 


pumpback operation within a 24-hour period the pump event was classified as a pre-


generation pump event. Pump events where there was no generation during the previous 


24-hour period were classified as non pre-generation pump events. Data used in this 


analysis are unweighted by unit operation and therefore restricted to the months May-


August 1996 when the number of hours of pumpback operation were similar among units. 


Comparisons were made among units by combining 2,3 and 4 unit pump events to 


calculate a mean entrainment rate by month (Table 7).  Entrainment rates for all 


pumpback units were higher during non pre-generation than pre-generation unit pump 


events except during the month of June. Although non pre-generational unit events 


comprised only 13% of the total unit pump events during the period of highest 


entrainment (July-August 1996) for Phase III, 78% of the events with entrainment rates 


>10,000 fish per hour were non pre-generation pumps. 


 


Vertical distribution of entrained fish sampled by hydroacoustics changed 


through the Phase III testing period.  Entrained fish were distributed through the water 


column sampled (308 - 269 feet on units 5 and 6 and 297 - 266 feet on units 7 and 8) in 


April, May, and June, were near the surface in July and August, and were again 


distributed throughout the water column in September and October (Figures 6-9 to 6-12). 


A total of 92% of the fish entrained from July through October by units 5 and 6 entered 


the acoustic beam above the intake opening while 57% of the fish entrained by units 7 and 


8 were above the intake opening. The pumpback intakes at RBR occupy depths from 266 
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to 286 feet elevation.  Units 5 and 6 were sampled 21 feet above the top of the intake to 


near bottom, while units 7 and 8 were sampled 1 foot above the top of the intake to near 


bottom from April through June and 9 feet above the top of the intake to near bottom 


from July through October. 


 


 


 


Conventional Generation Results 


 


Fixed-aspect hydroacoustic entrainment sampling during conventional 


generation showed no relationship between numbers of fish counted with acoustics and 


numbers of fish caught in the nets (Table 6-10)(Figure 6-13). Expansion of the data using 


the tracked fish regression for April through December 1995 and the net entrainment rates 


for January through March 1996 would predict 4,147,350 fish entrained during this 


period, however, most of this entrainment is likely moribund threadfin shad. 


The entrainment estimates for single unit vs.multi-unit operation are based on 12 


single unit events, and 56 multi-unit events involving either 5, 6 or 7 unit operations, from 


April through September, 1995. Results indicate that the entrainment rates for single unit 


events are 3.4 times higher than multi-unit events. However, the sample size for single 


unit events is small and the data are not collected uniformly over the entire six month 


period, so the rates may be indicative of the short term trends in entrainment that occurred 


when seven of the 12 samples were collected during a single week in May. Further 


interpretation of the data is not warranted due to the non-random sample design and the 


poor interpretation of the hydracoustic data without directional fish tracking. 


Conventional generation data collected over a two week period in mid-June 


1996 during the Phase III study period was analyzed to determine direction of fish 


movement in front of unit 4. Results showed that two to twenty-five percent of the fish 


tracked were moving toward the direction of the intake. These results indicate that a 


variable and sometimes low percent of fish tracked during the 1995 conventional 


generation data collection were actually entrained.      
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Discussion & Recommendations 


 


Hydroacoustics has proven to be a viable sampling tool to measure fish 


entrainment at Richard B. Russell Dam during pumpback operations.  Results from the 


Phase III study period showed that the fixed-aspect system accurately predicted monthly 


entrainment within the 75% confidence intervals required, sampled approximately five 


times the number of unit hours, provided information on vertical distribution of fish in the 


forebay, and cost less to operate than netting. We make the following recommendations to 


optimize future sampling needs using hydroacoustics at the Richard B. Russell Project: 


• Conduct further analysis on data collected during the Phase III study period to 


determine what percent of the data needs to be processed each month to 


accurately predict entrainment. 


• Conduct further analysis on Phase III entrainment data to determine if there is a 


significant difference among intake bays by unit to make further 


recommendations regarding sample design.  


• Evaluate the sound avoidance system with fixed-aspect and mobile 


hydroacoustics. 


• Monitor pumpback entrainment for three years to evaluate trends. 


• Conduct monthly gillnet sampling and purse seine sampling from March-


September in the immediate tailrace area to collect species composition 


information during entrainment sampling. 


• Conduct annual lakewide population estimates on Strom Thurmond and Richard 


B. Russell Reservoirs using mobile hydroacoustics to evaluate Richard B. 


Russell operations on clupeid populations. 


• Perform annual system calibrations on all hydroacoustic equipment used. 
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Table 6-1. Beginning and ending hydroacoustic system calibrations used during the Phase III study. 


 


4/1/96 - 6/18/96                  
(Sounder 10)  Beginning Calibrations  Ending Calibrations Difference in dB 
Transducer serial # Intake 


Bay 


Cable 


Length 


SL dBuPa 


@ 1m 


40LogR G1 40LogR G2 Simult. 


20LogR G3 


 


 


Cable 


Length 


SL dBuPa 


@ 1m 


40LogR G1 40LogR G2 Simult. 20LogR 


G3 


 


 


40LogR 


G1 


40LogR 


G2 


Simult. 


20LogR G3 


09-420-0615-023 1 NA NA NA NA NA  500 218.3 -166.17 -168.95 -155.556  NA NA NA 
12-420-0612-063 2 650 215.855 -170.47 NA -159.257  500 215.828 -167.832 NA -156.585  1.711 NA 1.745 
32-420-0612-073 3 425 216.513 -167.492 NA -156.499  500 217.218 -166.562 NA -155.514  2.085 NA 2.14 
12-420-0612-064 4 650 215.127 -169.83 NA -158.766  500 215.97 -167.491 NA -156.402  2.282 NA 2.307 
32-420-0612-074 5 425 216.647 -167.539 NA -156.439  500 217.339 -166.294 NA -155.243  2.387 NA 2.338 
12-420-0612-067 6 650 216.604 -169.131 NA -158.07  500 215.756 -167.594 NA -156.55  -0.211 NA -0.228 
09-420-0615-022 7 NA NA NA NA NA  500 217.459 -166.617 -166.723 -155.556  NA NA NA 
12-420-0612-068 8 650 216.268 -169.334 NA -158.327  500 215.61 -167.979 NA -156.924  -0.203 NA -0.155 


                 
                 


4/1/96 - 6/18/96                  
(Sounder 7)  Beginning Calibrations  Ending Calibrations  Difference in dB 
Transducer serial # Intake 


Bay 


Cable 


Length 


SL dBuPa 


@ 1m 


40LogR G1 40LogR G2 Simult. 


20LogR G3 


 


 


Cable 


Length 


SL dBuPa 


@ 1m 


40LogR G1 40LogR G2 Simult. 20LogR 


G3 


 


 


40LogR 


G1 


40LogR 


G2 


Simult. 


20LogR G3 


09-420-0615-023 1 500 218.327 -166.168 -167.954 -153.901  500 218.574 -167.036 -169.575 -154.497  -0.621 -1.374 -0.349 
12-420-0612-063 2 650 215.651 -172.125 NA -159.304  500 215.61 -169.01 NA -156.934  2.174 NA 1.429 
32-420-0612-073 3 425 216.234 -168.913 NA -156.422  500 217.095 -167.62 NA -155.521  2.604 NA 2.212 
12-420-0612-064 4 650 215.197 -171.696 NA -158.866  500 215.654 -168.749 NA -156.652  2.504 NA 1.771 
32-420-0612-074 5 425 216.307 -168.891 NA -156.356  500 217.339 -167.589 NA -155.447  2.784 NA 2.391 
12-420-0612-067 6 650 216.339 -170.572 NA -158.007  500 215.61 -168.95 NA -156.835  -0.007 NA -0.457 
09-420-0615-022 7 NA NA NA NA NA  500 217.577 -167.484 -167.437 -155.548  NA NA NA 
12-420-0612-068 8 650 215.996 -170.762 NA -158.337  500 215.31 -169.101 NA -156.947  0.075 NA -0.196 
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Table 6-1 (continued). 


 


6/19/96 - 10/31/96                 
(Sounder 10)  Beginning Calibrations  Ending Calibrations  Difference in dB 
Transducer serial # Intake 


Bay 


Cable 


Length 


SL dBuPa 


@ 1m 


40LogR G1 40LogR G2 Simult. 


20LogR G3 


 


 


Cable 


Length 


SL dBuPa 


@ 1m 


40LogR G1 40LogR G2 Simult. 20LogR 


G3 


 


 


40LogR 


G1 


40LogR 


G2 


Simult. 


20LogR G3 


09-420-0615-023 1 500 218.327 -166.168 -167.954 -153.901  500 218.3 -165.911 -168.589 -155.556  0.23 -0.662 -1.682 
33-420-0615-059 2 500 219.35 -163.78 -163.3 -152.758  500 219.838 -163.096 -163.019 -152.116  1.172 0.769 1.13 
33-420-0615-060 3 500 219.35 -164.4 -164.32 -153.294  500 219.468 -164.23 -164.399 -153.226  0.288 0.039 0.186 
32-420-0615-064 4 500 219.681 -163.37 -165.38 -152.236  500 219.562 -163.756 -164.813 -152.689  -0.505 0.448 -0.572 
32-420-0615-067 5 500 219.446 -163.4 -165.05 -152.603  500 219.421 -163.977 -164.2 -153.145  -0.602 0.825 -0.567 
32-420-0615-068 6 500 220.308 -163.92 -165.14 -152.838  500 220.105 -163.046 -163.771 -152.108  0.671 1.166 0.527 
09-420-0615-022 7 NA NA NA NA NA  500 217.459 -166.617 -166.723 -155.556  NA NA NA 
32-420-0615-069 8 500 219.955 -163.52 -165.42 -152.42  500 220.017 -163.343 -164.849 -152.333  0.239 0.633 0.149 
32-420-0615-066 7 500 219.195 -164.261 -166.234 -153.256  500 219.838 -163.31 -163.013 -152.375  1.594 3.864 1.524 
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Table 6-2. Hydroacoustic field calibration settings during the Phase III study period.   
 
Sounder 


 
Port 


 
Xducer 


 
START 


 
END 


 
SRCLEV 


 
RG140 


 
RG240 


 
RG320 


 
RS140 


 
RS240 


 
RS320 


 
WBDROP 


 
Sys Res140 


 
Sys Res240 


 
Sys Res320 


 
10 


 
X2 


 
12-420-6X12-063 


 
4/1/96 


 
4/2/96 


 
215.86 


 
-0.38 


 
0.00 


 
-0.60 


 
-170.47 


 
-170.00 


 
-159.26 


 
1.00 


 
45.01 


 
N/A 


 
56.00 


 
10 


 
X7 


 
09-420-615-022 


 
4/1/96 


 
4/2/96 


 
219.70 


 
-4.94 


 
-4.81 


 
NA 


 
-169.76 


 
-169.89 


 
NA 


 
1.22 


 
45.00 


 
45.00 


 
NA 


 
10 


 
X3 


 
32-420-6X12-073 


 
4/1/96 


 
4/3/96 


 
216.50 


 
-4.01 


 
0.00 


 
-4.00 


 
-167.49 


 
-170.00 


 
-156.50 


 
1.00 


 
45.00 


 
N/A 


 
56.00 


 
10 


 
X4 


 
12-420-6X12-064 


 
4/1/96 


 
4/3/96 


 
215.13 


 
-0.31 


 
0.00 


 
-0.36 


 
-169.83 


 
-170.00 


 
-158.77 


 
1.00 


 
44.99 


 
N/A 


 
56.00 


 
10 


 
X5 


 
32-420-6X12-074 


 
4/1/96 


 
4/3/96 


 
216.30 


 
-2.41 


 
0.00 


 
-4.94 


 
-168.89 


 
-170.00 


 
-155.36 


 
1.00 


 
45.00 


 
N/A 


 
56.00 


 
10 


 
X6 


 
12-420-6X12-067 


 
4/1/96 


 
4/3/96 


 
216.54 


 
-2.41 


 
0.00 


 
-2.47 


 
-169.13 


 
-170.00 


 
-158.07 


 
1.00 


 
45.00 


 
N/A 


 
56.00 


 
10 


 
X8 


 
12-420-6X12-069 


 
4/1/96 


 
4/3/96 


 
216.22 


 
-1.89 


 
0.00 


 
-1.89 


 
-169.33 


 
-170.00 


 
-158.33 


 
1.00 


 
45.00 


 
N/A 


 
56.00 


 
10 


 
X1 


 
09-420-615-023 


 
4/1/96 


 
4/4/96 


 
218.30 


 
-7.16 


 
-5.37 


 
-8.40 


 
-166.16 


 
-167.95 


 
-153.89 


 
1.23 


 
44.98 


 
44.98 


 
56.01 


 
10 


 
X2 


 
12-420-6X12-063 


 
4/3/96 


 
4/3/96 


 
215.86 


 
-0.38 


 
0.00 


 
-0.35 


 
-170.47 


 
-170.00 


 
-159.26 


 
1.00 


 
45.01 


 
N/A 


 
56.25 


 
10 


 
X7 


 
09-420-615-022 


 
4/3/96 


 
4/3/96 


 
219.70 


 
-6.00 


 
-4.81 


 
-5.01 


 
-168.70 


 
-169.89 


 
-158.69 


 
1.22 


 
45.00 


 
45.00 


 
56.00 


 
7 


 
X1 


 
09-420-615-023 


 
4/4/96 


 
4/4/96 


 
218.30 


 
-7.16 


 
-5.37 


 
-8.40 


 
-166.16 


 
-167.95 


 
-153.89 


 
1.00 


 
44.98 


 
44.98 


 
56.01 


 
7 


 
X3 


 
32-420-6X12-073 


 
4/4/96 


 
5/31/96 


 
216.19 


 
-2.29 


 
0.00 


 
-3.78 


 
-168.91 


 
-170.00 


 
-156.41 


 
1.00 


 
44.99 


 
N/A 


 
56.00 


 
7 


 
X4 


 
12-420-6X12-064 


 
4/4/96 


 
5/31/96 


 
215.19 


 
1.50 


 
0.00 


 
-0.33 


 
-171.70 


 
-170.00 


 
-158.87 


 
1.00 


 
44.99 


 
N/A 


 
55.99 


 
7 


 
X8 


 
12-420-6X12-069 


 
4/4/96 


 
5/31/96 


 
215.97 


 
-0.21 


 
0.00 


 
-1.63 


 
-170.75 


 
-170.00 


 
-158.33 


 
1.00 


 
45.01 


 
N/A 


 
56.01 


 
7 


 
X2 


 
12-420-6X12-063 


 
4/4/96 


 
6/5/96 


 
215.65 


 
1.47 


 
0.00 


 
-0.35 


 
-172.12 


 
-170.00 


 
-159.30 


 
1.00 


 
45.00 


 
N/A 


 
56.00 


 
7 


 
X5 


 
32-420-6X12-074 


 
4/4/96 


 
6/5/96 


 
216.59 


 
-4.05 


 
0.00 


 
-4.15 


 
-167.53 


 
-170.00 


 
-156.44 


 
1.00 


 
45.01 


 
N/A 


 
56.00 


 
7 


 
X6 


 
12-420-6X12-067 


 
4/4/96 


 
6/5/96 


 
216.30 


 
-0.74 


 
0.00 


 
-2.31 


 
-170.57 


 
-170.00 


 
-158.00 


 
1.00 


 
44.99 


 
N/A 


 
55.99 


 
7 


 
X7 


 
09-420-615-022 


 
4/4/96 


 
6/5/96 


 
219.69 


 
-5.44 


 
-4.81 


 
-7.20 


 
-169.25 


 
-169.88 


 
-156.50 


 
1.21 


 
45.00 


 
45.00 


 
55.99 


 
7 


 
X1 


 
09-420-615-023 


 
4/5/96 


 
5/31/96 


 
218.30 


 
-7.16 


 
-4.38 


 
-8.40 


 
-166.16 


 
-168.94 


 
-153.89 


 
1.22 


 
44.98 


 
44.98 


 
56.01 


 
10 


 
X3 


 
33-420-615-060 


 
6/5/96 


 
6/5/96 


 
219.35 


 
-9.95 


 
10.02 


 
-10.06 


 
-164.39 


 
-164.32 


 
-153.28 


 
1.28 


 
45.01 


 
65.05 


 
56.01 


 
10 


 
X1 


 
09-420-615-023 


 
6/5/96 


 
7/19/96 


 
218.30 


 
-7.16 


 
-5.37 


 
-8.43 


 
-166.16 


 
-168.94 


 
-153.89 


 
1.22 


 
44.98 


 
43.99 


 
55.98 


 
10 


 
X4 


 
12-420-615-064 


 
6/5/96 


 
10/31/96 


 
219.68 


 
-11.30 


 
-9.29 


 
-11.45 


 
-163.36 


 
-165.38 


 
-152.22 


 
1.29 


 
45.02 


 
N/A 


 
56.02 


 
10 


 
X8 


 
32-420-615-068 


 
6/5/96 


 
10/31/96 


 
219.95 


 
-11.43 


 
-9.53 


 
-11.54 


 
-163.52 


 
-165.41 


 
-152.41 


 
1.30 


 
45.00 


 
45.01 


 
56.01 
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10 X7 09-420-615-022 6/6/96 7/13/96 219.69 -5.44 -4.81 -11.58 -169.25 -169.88 -152.42 1.21 45.00 45.00 55.69 
 
10 


 
X3 


 
33-420-615-060 


 
6/6/96 


 
9/10/96 


 
219.35 


 
-9.95 


 
-10.02 


 
-10.06 


 
-164.39 


 
-164.32 


 
-153.28 


 
1.28 


 
45.01 


 
45.01 


 
56.01 


 
10 


 
X2 


 
33-420-615-059 


 
6/6/96 


 
10/31/96 


 
219.35 


 
-10.57 


 
-11.04 


 
-10.59 


 
-163.77 


 
-163.30 


 
-152.75 


 
1.43 


 
45.01 


 
45.01 


 
56.01 


 
10 


 
X5 


 
32-420-615-067 


 
6/6/96 


 
10/31/96 


 
219.44 


 
-11.04 


 
-9.39 


 
-10.84 


 
-163.39 


 
-165.05 


 
-152.60 


 
1.28 


 
45.01 


 
45.00 


 
56.00 


 
10 


 
X6 


 
32-420-615-068 


 
6/6/96 


 
10/31/96 


 
220.30 


 
-11.39 


 
-10.16 


 
-11.47 


 
-163.91 


 
-165.13 


 
-152.83 


 
1.28 


 
45.00 


 
45.01 


 
56.00 


 
10 


 
X7 


 
09-420-615-022 


 
7/14/96 


 
7/17/96 


 
219.69 


 
-7.44 


 
-4.81 


 
-11.58 


 
-167.25 


 
-169.88 


 
-152.42 


 
1.21 


 
45.00 


 
45.00 


 
55.69 


 
10 


 
X7 


 
09-420-615-022 


 
7/18/96 


 
7/19/96 


 
219.19 


 
-11.93 


 
-4.81 


 
-11.58 


 
-162.25 


 
-169.88 


 
-152.42 


 
1.21 


 
45.01 


 
44.50 


 
55.19 


 
10 


 
X1 


 
09-420-615-023 


 
7/20/96 


 
10/31/96 


 
218.30 


 
-12.13 


 
-9.35 


 
-8.43 


 
-161.16 


 
-163.94 


 
-153.89 


 
1.22 


 
45.01 


 
45.01 


 
55.98 


 
10 


 
X7 


 
09-420-615-022 


 
7/20/96 


 
10/31/96 


 
219.19 


 
-13.93 


 
-10.96 


 
-11.58 


 
-160.25 


 
-163.22 


 
-152.42 


 
1.21 


 
45.01 


 
45.01 


 
55.19 


 
10 


 
X3 


 
33-420-615-060 


 
9/11/96 


 
10/31/96 


 
219.35 


 
-9.95 


 
-10.02 


 
-10.06 


 
-164.39 


 
-164.32 


 
-153.28 


 
1.28 


 
45.01 


 
45.01 


 
56.01 
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Table 6-3. Mean net entrainment rates for the Phase III period and predicted net entrainment from hydroacoustic data expanded by the acoustic:net regression formula for 


each unit and month, and the un-weighted mean rates by unit for the Phase III period. 


 
 


 
 


Unit 5 


 


 
Unit 6 


 


 
Unit 7 


 


 
Unit 8 


 


 
Month 


 
Net 


 
Predicted 


Net 


 
Net 


 
Predicted 


N t 


 
Net 


 
Predicted 


N t 


 
Net 


 
Predicted 


Net  
April 


 
1050 


 
759 


 
455 


 
680 


 
565 


 
688 


 
495 


 
1,124 


 
May 


 
501 


 
981 


 
881 


 
1,483 


 
1215 


 
826 


 
126 


 
1,198 


 
June 


 
415 


 
812 


 
109 


 
610 


 
200 


 
740 


 
219 


 
1,164 


 
July 


 
1,144 


 
1,109 


 
1,282 


 
836 


 
1,339 


 
1,516 


 
1,280 


 
1,662 


 
August 


 
1,756 


 
1,354 


 
3,736 


 
3,426 


 
1,691 


 
1,675 


 
2,755 


 
1,689 


 
September 


 
1,462 


 
1,271 


 
1,082 


 
784 


 
1,404 


 
881 


 
1,583 


 
1,167 


 
October 


 
568 


 
987 


 
844 


 
690 


 
799 


 
868 


 
906 


 
1,306 


 
Un-weighted mean 


 
985 


 
 992 


 
1,198 


 
1,471 


 
1,030 


 
 948 


 
1,052 


 
 977 


 







 
  -17 


Table 6-4. Mean net (NET) and predicted net (PNET) entrainment rates and confidence limits for the Phase III sampling period 


at R B Russell Dam. 


 


 
 


 
 


=1066.53 
 


 CI 
 


 CI 
 


  d. Error 
 


 
 


 
 


  d. Error 
 


 
 


 


 


 
 


 
 


=1153.07 
 


 CI 
 


 CI 
 


  d. Error 
 


 
 


 
 


  d. Error 
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Table 6-5.  Hydroacoustic estimates of fish entrained (percent of total entrainment for Phase III within each unit) and hours sampled by unit (percent of total for Phase III 


within each unit) by month for R. B. Russell Dam during Phase III. 


 
 


 
 


Unit 5 
 


Unit 6 
 


Unit 7 
 


Unit 8 
 
 


Month 


 
% 


entrained 


 
% Hrs 


sampled 


 
% 


entrained 


 
% Hrs 


sampled 


 
% 


entrained 


 
% Hrs 


sampled 


 
% 


entrained 


 
% Hrs 


sampled 
 
April 


 
3.4 


 
6.1 


 
1.1 


 
6.4 


 
0.3 


 
4.2 


 
3.0 


 
4.3 


 
May 


 
11.4 


 
12.7 


 
4.8 


 
10.9 


 
2.7 


 
10.9 


 
10.2 


 
12.6 


 
June 


 
4.7 


 
8.7 


 
1.2 


 
8.7 


 
3.0 


 
8.0 


 
6.5 


 
8.2 


 
July 


 
19.0 


 
19.4 


 
22.2 


 
19.4 


 
40.9 


 
19.7 


 
20.3 


 
20.1 


 
August 


 
15.1 


 
15.7 


 
62.5 


 
18.3 


 
35.8 


 
20.9 


 
18.9 


 
15.7 


 
September 


 
34.2 


 
20.8 


 
5.6 


 
20.7 


 
8.5 


 
20.5 


 
26.7 


 
22.5 


 
October 


 
12.2 


 
16.6 


 
2.7 


 
15.6 


 
8.4 


 
15.8 


 
14.3 


 
16.6 


 
Total for Phase III 


 
100.0 


 
100.0 


 
100.0 


 
100.0 


 
100.0 


 
100.0 


 
100.0 


 
100.0 
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Table 6-6. Hydroacoustic estimates of fish entrained by unit (percent of total entrainment for all units) and hours sampled by unit (percent of total number of hours sampled 


for all units) by month for R. B. Russell Dam during Phase III. 


 
 
 


 
Unit 5 


 
Unit 6 


 
Unit 7 


 
Unit 8 


 
All Units 


 
Month 


 
% 


entrained 


 
% Hrs 


sampled 


 
% 


entrained 


 
% Hrs 


sampled 


 
% 


entrained 


 
% Hrs 


sampled 


 
% 


entrained 


 
% Hrs 


sampled 


 
% 


entrained 


 
% Hrs 


sampled 
 
April 


 
40.9 


 
29.2 


 
25.2 


 
30.7 


 
13.7 


 
20.4 


 
20.3 


 
19.7 


 
100.0 


 
100.0 


 
May 


 
37.0 


 
27.1 


 
30.2 


 
23.4 


 
14.3 


 
23.6 


 
18.5 


 
25.9 


 
100.0 


 
100.0 


 
June 


 
30.1 


 
26.1 


 
15.1 


 
26.1 


 
31.4 


 
24.1 


 
23.5 


 
23.7 


 
100.0 


 
100.0 


 
July 


 
13.6 


 
24.8 


 
30.9 


 
24.9 


 
47.4 


 
25.5 


 
8.2 


 
24.8 


 
100.0 


 
100.0 


 
August 


 
7.3 


 
22.3 


 
59.2 


 
26.2 


 
28.3 


 
30.0 


 
5.2 


 
21.5 


 
100.0 


 
100.0 


 
September 


 
46.3 


 
24.7 


 
14.6 


 
24.8 


 
18.7 


 
24.7 


 
20.4 


 
25.8 


 
100.0 


 
100.0 


 
October 


 
31.2 


 
25.8 


 
13.3 


 
24.4 


 
34.8 


 
24.8 


 
20.7 


 
25.0 


 
100.0 


 
100.0 


 
Mean for Phase III 


 
19.5 


 
25.1 


 
37.9 


 
25.3 


 
31.6 


 
25.4 


 
11.0 


 
24.2 


 
100.0 


 
100.0 
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Table 6-7. Hydroacoustic estimates of fish entrained during netted events by unit (percent of total entrainment for each unit) and hours sampled by unit (percent of total 


number of hours sampled for each unit) by month for R. B. Russell Dam during Phase III.  The number of hours sampled for each unit is also the percent of total entrainment 


sampled by net entrainment by unit and month. 
 


 
 


 
Unit 5 


 
Unit 6 


 
Unit 7 


 
Unit 8 


 
Month 


 
% 


entrained 


 
% Hrs 


sampled 


 
% 


entrained 


 
% Hrs 


sampled 


 
% 


entrained 


 
% Hrs 


sampled 


 
% 


entrained 


 
% Hrs 


sampled 
 
April 


 
82.7 


 
85.2 


 
82.3 


 
87.0 


 
90.9 


 
90.9 


 
87.8 


 
87.5 


 
May 


 
66.2 


 
72.8 


 
64.9 


 
74.4 


 
63.6 


 
62.1 


 
59.4 


 
56.6 


 
June 


 
69.2 


 
69.5 


 
74.5 


 
79.0 


 
74.3 


 
64.4 


 
67.2 


 
63.9 


 
July 


 
54.6 


 
53.7 


 
13.9 


 
56.4 


 
9.8 


 
49.6 


 
54.1 


 
51.9 


 
August 


 
66.2 


 
68.8 


 
25.9 


 
60.6 


 
37.6 


 
58.4 


 
48.4 


 
45.1 


 
September 


 
38.8 


 
55.7 


 
56.3 


 
55.7 


 
52.1 


 
51.4 


 
64.9 


 
53.7 


 
October 


 
68.0 


 
64.9 


 
57.4 


 
61.3 


 
58.2 


 
62.4 


 
63.6 


 
63.1 
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Table 6-8. Hydroacoustic estimates of fish entrainment with the number of units pumping, the sample size (N), mean entrainment rate (number/hour), and the P value from 


ANOVA.  Samples with P values greater than 0.05 are not considered different.  Sample comparisons were restricted to the April - June 1996 period due to the lack 


of single unit pumps after June.  The entrainment rate was significantly higher after June so all months sampled during Phase III could not be combined. 


 


 
 
 


 
 


 
 


1 Unit 
 


2 Unit 
 


3 Unit 
 


4 Unit 
 
 


 
N 


 
Mean 


 
P value 


 
1 Unit 


 
19 


 
465 


 
--------- 


 
 
 


 
 


 
 
2 Unit 


 
24 


 
664 


 
0.0032 


 
--------- 


 
 
 


 
 
3 Unit 


 
34 


 
866 


 
0.0079 


 
0.1358 


 
--------- 


 
 


 
4 Unit 


 
88 


 
761 


 
0.0060 


 
0.3174 


 
0.3027 


 
--------- 
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Table 6-9. Un-weighted mean entrainment rates (No. fish/ hr.) among units by month for pump events preceded by generation (Pregen) and pump events not preceded by 


generation (Nonpregen).Analysis was performed on 2,3 and 4 unit pump events during May through August, 1996.(N) represents the number of samples used in 


calculating the mean entrainment rate. 


 


 


Unit 5 Unit 6 Unit 7 Unit 8 All Units
Month NonPregen (N) Pregen (N) NonPregen (N) Pregen (N) NonPregen (N) Pregen (N) NonPregen (N) Pregen (N) NonPregen (N) Pregen (N)
May 2,116 2 1,191 15 3,194 2 868 15 1,633 1 475 15 667 2 654 16 1,905 7 800 61
June 729 1 750 12 0 0 389 12 355 1 981 10 578 1 662 10 552 3 689 44
July 2,846 2 1,243 24 32,998 2 746 26 11,018 2 4,212 28 851 2 819 27 11,714 8 1,779 105
August 3,326 3 1,101 18 41,315 5 2,173 19 7,210 6 3,026 22 1,467 4 878 15 15,243 18 1,896 74  
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Table 6-10. Net and hydroacoustic entrainment rates (number/hour) collected during generation at R.B. Russell dam during 


April 1995 through February 1996. The TRK_LT5 is tracked fish less than 5 inches, the TRK_LT10 is tracked fish 


less than 10 inches, and TRK_ALL is all tracked fish. Fish were tracked from a range of 10 m to bottom. The EI>10m 


and EI>15 m correspond to echo integration of data from 10 m to bottom and 15 m to bottom, respectively. 


 
 


 
n 


 
  ts 


 
e 


 
LT5 


 
LT10 


 
all 


 
 


 
 


 
4/10/95 


 
5.28 


 
6 


 
206 


 
77 


 
289 


 
503 


 
 
 


 
 


4/11/95 
 


5.38 
 


6 
 


189 
 


26 
 


85 
 


176 
 


3,940 
 


3 
 


4/30/95 
 


2 
 


3 
 


287 
 


78 
 


157 
 


206 
 


5,056 
 


0 
 


5/8/95 
 


3.92 
 


1 
 


103 
 


61 
 


112 
 


166 
 


32,733 
 


0 
 


5/9/95 
 


4.00 
 


1 
 


97 
 


8 
 


15 
 


24 
 


729 
 


266 
 


5/10/95 
 


4.03 
 


1 
 


91 
 


16 
 


39 
 


63 
 


7,933 
 


366 
 


5/11/95 
 


4.00 
 


1 
 


102 
 


200 
 


464 
 


1043 
 


218,926 
 


28,563 
 


5/12/95 
 


4.12 
 


1 
 


103 
 


179 
 


535 
 


952 
 


148,913 
 


4,975 
 


5/15/95 
 


4.33 
 


1 
 


384 
 


122 
 


202 
 


330 
 


38,601 
 


754 
 


5/16/95 
 


4.33 
 


1 
 


220 
 


89 
 


196 
 


364 
 


58,969 
 


9,747 
 


6/19/95 
 


2.00 
 


1 
 


115 
 


92 
 


101 
 


120 
 


 
 


 
 


6/20/95 
 


4.00 
 


1 
 


66 
 


105 
 


373 
 


939 
 


 
 


 
 


8/28/95 
 


3.58 
 


1 
 


268 
 


783 
 


821 
 


823 
 


 
 


 
 


8/29/95 
 


3.88 
 


1 
 


77 
 


249 
 


277 
 


281 
 


 
 


 
 


1/29/96 
 


1.50 
 


1 
 


586 
 


0 
 


2 
 


2 
 


 
 


 
 


1/30/96 
 


2.98 
 


1 
 


470 
 


4 
 


5 
 


5 
 


 
 


 
 


1/31/96 
 


2.98 
 


1 
 


130 
 


1 
 


2 
 


2 
 


 
 


 
 


2/1/96 
 


2.98 
 


1 
 


293 
 


0 
 


2 
 


2 
 


 
 


 
 


2/12/96 
 


3.08 
 


1 
 


1,044 
 


17 
 


23 
 


23 
 


852 
 


650 
 


2/14/96 
 


3.08 
 


1 
 


4,528 
 


4 
 


5 
 


6 
 


1,445 
 


934 
 


2/15/96 
 


3.13 
 


1 
 


1,482 
 


1 
 


2 
 


4 
 


 
 


 
 


2/16/96 
 


3.08 
 


1 
 


1,994 
 


106 
 


153 
 


162 
 


723 
 


502 
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Jamie - add 13 figures here 
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Threadfin Shad and Blueback Herring 


Population Estimates 


 


Summary  
 


     Complete  assessment of the effects of  pumped storage operation requires that 


population  numbers of  abundant forage species  be determined.  However, it is difficult 


to estimate numbers of small, open water species using conventional fishery collecting 


gear.  Mobile hydroacoustics surveys were used to estimate numbers of  blueback herring 


and threadfin shad in JST Lake.  Mobile hydroacoustic surveys were used to  provide an 


estimate of the number of blueback herring in case the mark-recapture study failed to 


provide useful information. 


 


      Mark-recapture methods were used to estimate the number of adult blueback herring 


in JST Lake.   These methods  involve capturing a significant proportion of a population 


of unknown size, marking the captured individuals so that they can be later identified, 


releasing them  into the population at large, capturing members of the same population at 


a later time, and determining the proportion of the recaptured population that is marked. 


The population size can be estimated from the simple proportionality of  (total recaptured 


individuals)/ (recaptured  marked individuals) times the number of fishes initially marked. 


  The mark-recapture study determined that the number of adult blueback herring in JST 


in  May of 1996 was 84,165,737 with 95% confidence limits of  70,110,058 to 


100,830,552.  The mean length and 1 standard deviation of fish during marking was 140.3 


mm (5.5 in.) +/- 5.0 mm (0.20 in.), during the May-June recovery was 148.8 mm (5.9 in.) 


+/- 6.1 mm (0.24 in.) , and during the August recovery was 153.3  mm (6.0 in.) +/- 6.9 


mm (0.27 in. ).  


 


      Mobile hydroacoustics surveys utilize scientific grade equipment so that fish depth 


and acoustical size can be determined with great accuracy.  Mobile hydroacoustics is able 


to sample large areas of the lake relatively easily so that definitive statements can be made 


about the number and distribution of fishes that commonly occur in the open waters of a 


lake.  However, hydroacoustics sampling cannot determine the species composition of 


fish.  Species composition information must be provided by other gear types. 
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     The open water area of Strom Thurmond Reservoir was sampled in March and August 


1996 with mobile hydroacoustics and several types of nets to estimate species 


composition, population abundance, and size-structure of small, pelagic fishes of JST 


Lake.   Sampling was conducted after sunset by randomly traversing the open water 


region of the reservoir at a speed of 4-5 mph.  Species- and size-composition information 


from concurrent netting provided data to apportion hydroacoustics targets as  blueback 


herring, threadfin shad, or other fish species.  


 


     Results of the two mobile hydroacoustic surveys can be found in Appendices G and H. 


The spring fish abundance estimate was 138,129,575 and the summer estimate was 


1,364,104,921 fish, nearly ten times the spring estimate.   During the springtime sample, 


netting indicated that all species were more or less evenly distributed throughout JST 


Lake and that the proportions of blueback herring and threadfin shad were approximately 


equal (57 million threadfin shad and 68 million blueback herring).   The length frequency 


distribution of threadfin shad indicates that 98 percent of these were shad spawned in 


1996.    


 


      The threadfin shad population increased from 57 million to 1,322 million from the 


spring to summer estimate whereas the blueback herring population estimate declined 


from 68 million in spring to 42 million in August.  The August sample included a 


significant increase in juvenile fish (less than 90 mm long) but a precipitous decline in 


fish greater than 90 mm.  The mean size for  fish estimated in the March hydroacoustics 


sample was 120 mm with no indication of the presence of juveniles.  The March 


hydroacoustics population estimate and the May mark-recapture population estimate fall 


within each others 95 percent confidence limits and it is reasonable to expect many of the 


blueback herring in the 120 mm size estimated from the March mobile hydroacoustics 


estimate to recruit into the 140 mm size range of marked fish in May.   However, the 


August mobile hydroacoustics blueback herring population estimate appears to be 


inconsistent both with the March mobile hydroacoustic estimate and the May  mark 


recapture estimate.   The discrepancy  can be best explained by examining the netting data 


used to apportion the hydroacoustics targets into species-specific abundance estimates 


and considering the distribution of blueback herring within JST Lake in August.  Unlike 


in the spring, when blueback herring can be expected to occur in much of JST Lake, their 


distribution (particularly  of adults) in August appears to be restricted to cooler, deeper 
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water.  The  likelihood of adequately sampling blueback herring in August when they are 


concentrated into certain regions of JST Lake is less than when they are more uniformly 


distributed in spring.   Also, the netting data used to apportion hydroacoustics data by 


species is considerably less balanced in the summer when the number of small, open 


water fishes are overwhelmingly threadfin shad.   For example, blueback herring often 


represent less than 3 percent of the purse seine sample (Table 7-1) and the catch per net 


set for the deep sets of other types of netting is also generally low.   Consequently,  


August relative abundance estimates for blueback herring can be significantly impacted 


by  a shift of  small numbers of  blueback herring.  For example, only one blueback 


herring in the 60-90 mm size class was captured in all of the deep net sets,  whereas 49 


out of  a 200 fish subsample in a tailrace purse seine sample were in this same size range. 


  Nets are a notoriously  variable sampling gear and generally provide a poor basis for 


population estimates.  While the netting probably adequately describes pattern in year 


class progression and general spatial distribution patterns, it is unlikely to provide an 


adequate basis for apportioning mobile hydroacoustics targets into species.   ?? We use 


the May mark-recapture estimate for adults (84 million) as the basis of the population 


estimate for  blueback herring.   It is reasonable to assume that juvenile blueback herring 


would have recruited to the 1.5-inch size category by August.  The May  mark-recapture 


estimate has reasonably tight confidence limits, i.e., a range of  about 30 million fish for 


an estimate of 84 million, and the assumptions of mark-recapture estimation were met.  


The estimate is inflated to an unknown degree by mortality of adult fish between the May 


to August and recruitment of juvenile fish into the population.?? 


 


Table 7-1.  August summary proportions of blueback herring in purse seines. 
 


 
purse seine 


 
size class 


(mm) 


 
number 
samples 


combined 


 
blueback 
herring 
number 


 
threadfin 


shad number  


 
mean percent  
threadfin shad 


 
<60 


 
7 


 
39 


 
1562 


 
97.6 


 
60-90 


 
6 


 
491 


 
151 


 
75.5 


 
90-130  


 
2 


 
0 


 
4 


 
100 


 
>130 


 
2 


 
0 


 
0 


 
0 
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1 - of the 6 samples, 1 contained 48 blueback herring (tailrace station), 1 contained 1 


blueback herring, and 4 had 0's. 
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Blueback Herring Commercial Catch  


Summary 


 


      Blueback herring are an abundant commercially and recreationally important bait fish. 


 Commercial bait dealers capture blueback herring in large numbers and sell them to 


recreational fishermen and many recreational fishermen capture blueback herring for bait. 


 To fully assess the impacts of  pumped storage operation on blueback herring it is also 


important to describe and quantify  sources of mortality in addition  to entrainment.   


 


      Standard creel survey methods were employed to obtain commercial catch for 


blueback herring.   Nighttime interviews  were conducted at the boat ramp immediately 


downstream of  Richard B. Russell Dam on the South Carolina shore for completed trips 


only.  An instantaneous count of the total number of commercial fishermen was made in 


the tailrace at the peak of effort each night.   Up to five surveys per week were conducted 


during months of high commercial activity and at least one survey per week was 


conducted from July 1994 through May 1996.  


 


     Catch and effort peaked between August and October, the period when blueback 


herring are concentrated in the tailrace due to warm and stratified conditions throughout 


the reservoir.  Estimated monthly catch in the tailrace of Richard B. Russell Dam varied 


from 0 to 177,525 blueback herring.  Estimated commercial harvest of blueback herring 


in the last half of 1994 was 452,855,  in all of 1995 was 555,387, and through May of 


1996 was 15,820.   This study is attached as Appendix J. 
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Sport Catch  Creel Survey 


Summary  
 


     Fishermen harvest information, commonly called creel information or creel surveys, 


describes the temporal and spatial patterns in take of  sport fish.  Typically creel surveys 


provide information such as catch per unit effort and total harvest although the South 


Carolina DNR creel survey of J. Strom Thurmond Lake has included a questionnaire on 


the attitudes of fisherman towards  pumped storage operations.  This information can be 


employed to evaluate the effect of additional mortality sources, such as turbine mortality, 


 on the population structure of common sport fishes.  It can also be employed to describe 


how project operation can effect angling.  The South Carolina Department of Natural 


Resources (SCDNR)  conducted  creel surveys on Richard B. Russell Lake and J. Strom 


Thurmond Lake from January 1, 1991, through October 31, 1996 (Appendix K).  The 


Georgia Department of Natural Resources has conducted creel surveys in the Richard B. 


Russell tailwater from 1988 through 1996 (Appendix L).  


 


     Results of the SCDNR creel survey indicate that most anglers targeted largemouth bass 


and crappie in Richard B. Russell Lake and that these two species were caught in greatest 


number both in terms of number and weight.  Overall catch rates for all species combined 


ranged from 0.75 fish/hr (1995) to 0.94 fish/hr (1994).  In J. Strom Thurmond Lake, most 


anglers targeted largemouth bass, crappie, and hybrids.  However,  bluegill, crappie, 


largemouth bass, redear sunfish, hybrids, and white perch comprised the majority of the 


harvest from 1991 to the present by number and crappie, largemouth bass, hybrid bass, 


and striped bass by weight.  For the two reservoirs together, anglers have spent an average 


of approximately  $10 million per year on gas, bait, food, lodging, and miscellaneous 


items since 1991.  Patterns for those portions of 1996 documented in the reports did not 


appear to be significantly different in whole lake creel patterns.  The GADNR creel 


indicates that Morone spp (hybrid bass, striped bass, white bass, and white perch) 


dominate the creel  in the tailwater of Richard B. Russell Dam.   There appear to be 


differences in angler success patterns in the tailwater area of  Richard B. Russell Dam for 


striped bass and hybrid bass in 1996 with apparent reductions in angler harvest.   The 


results of the GADNR survey on JST indicated that most fishermen (58 percent) did not 


think that pumped-storage operation impacted fish success.  The results of the SCDNR 


survey indicated that most fishermen (53 percent) felt that pumpback operation did not 
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impact their fishing success.  Those anglers in both lakes  that felt pumpback operation 


had impacted fishing also felt that the numbers and size of fish caught had been reduced;  


however, many also felt that they did not know the effects of pumpback operation on their 


fishing success.  
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Improvements to the Fish Protection System 


 


     At the end of Phase II, the fish protection system  consisted of  the following 


components: a)  a high frequency sound repulsion system that repels blueback herring 


from the  pump-turbine intakes  (from the face of the downstream side of the dam 


downstream to a distance of about 50m);  b) banks of high-pressure sodium lights located 


on the Georgia  shoreline where water velocities are reduced;  c)  a bar screen veneer 


composed of panels of stainless steel wedge-wire on 2-inch  centers banded directly to the 


trashracks; and d)  operational guidelines that eliminate daytime pumping and recommend 


that pumping not begin before one hour after official sunset and end prior to one hour 


before official sunrise.   Evaluations of the fish protection  indicate that it had 


substantially reduced fish entrainment and should be an integral part of pumped storage 


operation at RBR Dam during Phase III sampling.  Prior to the beginning of Phase III the 


protection system was improved by expanding the sound repulsion system to include 


Units 7 and 8, the sound repulsion system was reconfigured,  the light system was 


expanded on the Georgia shore and a new bank of lights were installed on the South 


Carolina shore, the bar rack veneer was inspected and modified where needed to 


eliminate gaps around the outside border of the trashracks where the center-line distance 


between the bar rack veneer members exceeded two inches, and a berm was constructed 


about 600 feet downstream of the dam that extended laterally about 300 feet into the 


channel to redirect the flow to eliminate the vortex that appeared to attract blueback 


herring into Unit 8.  Although more data are required to confirm the efficiency of the fish 


protection system,  we did not observe any significant entrainment events during Phase III 


sampling similar to what was observed on a number of occasions during Pre-Phase III 


sampling.  The continued success of the fish protection system suggests that the present 


configuration of the fish protection system is optimal and should be employed during 


commercial level operation. 
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Mobile Hydroacoustics Summary 
 
Summary 
 
       Mobile hydroacoustics surveys utilize a scientific grade system that functions much 


like a depth finder except that the range and acoustical size of fish can be determined and 


recorded with great accuracy.  In a mobile hydroacoustics survey, a transducer that emits 


high frequency sound waves is attached to a boat.  The boat transverses a set of transects 


of known length.  Each time the boat passes over fish, the return echos are recorded and 


later analyzed.   From these echos it is possible to expand the number of fish sampled by 


the survey to estimate the number of fish in the lake.  Mobile hydroacoustics sampling is 


noninvasive (does not damage the fishes) and large areas of the lake can be sampled 


relatively easily so that definitive statements can be made about the number and 


distribution of fishes that commonly occur in the open waters of a lake.   Mobile 


hydoacoustics is particularly useful for  sampling the numbers and spatial distribution of 


small open-water fishes such as  threadfin shad and blueback herring that are particularly 


susceptible to entrainment. 
     Mobile hydroacoustic surveys were conducted in the tailrace and tailwater areas of the 


Richard B. Russell (RBR) Dam concurrently with the collection of gillnetting and 


electrofishing baseline data monthly over a ten-year period spanning 1986 to 1996.  The 


mobile hydroacoustics surveys were utilized to provide information on the distribution of 


fish over time and to compare the pre-pumpback and  pumpback fish distributions.  


Mobile hydroacoustics was also used to determine monthly population estimates for small 


open water fishes below RBR in 1996. 


     Monthly mobile hydroacoustic surveys were performed on established line-transects in 


the RBR tailrace and tailwater areas (provided as Appendix M).  This collection method 


was used consistently during the 10-year study period.  To ensure proper repetition of 


survey transects between collection events, both start and endpoint of each transect was 


marked with a reflective marker, and with latitude and longitude position using a Ground 


Positioning System (GPS).  The RBR tailrace area was defined as the lake area 


immediately adjacent to the base of the Russell Dam and extending approximately 0.25 


miles downstream of the dam.  This area was sampled by twelve parallel transects that 


began on the Georgia bank and extended to the South Carolina bank. The RBR tailwater 


area was defined as the lake area located approximately 0.25 to 4.5 miles below the 


Russell Dam.  Surveys in this area were performed along eleven parallel transects 
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extending from the Georgia bank to the South Carolina bank. Mobile hydroacoustic 


population estimates were performed in 1996 to provide an estimate of the open water 


fish population residing in the RBR tailrace and tailwater areas.  The surveys were 


conducted after sundown during a non-generation period and encompassed the area from 


the RBR Dam downstream to the mouth of Russell Creek. 


     An in depth review of the ten-year hydroacoustic database was performed to detect 


missing data points and possible errors.  The electronic database was obtained from WES 


and a copy of the original collection sheets were obtained from the various contractors 


used during the study.  These data were compared to detect missing data points in the 


database. Changes to the database were made to correct processing of the bottom in the 


data file during analysis or to correct scaling of the output. The errors detected during the 


quality assurance check of the data base were corrected using the best available 


information.  These corrections and missing data points did not appear to affect the 


quality of the data or its usefulness for application to the project. 


     Seasonal distribution of fish density in the RBR tailrace and tailwater areas was 


analyzed to observe overall trends.  Overall trends indicate low fish densities during the 


cooler winter months, followed by an increase in fish density during the spring months.  


Fish densities tend to peak between May and August, and decrease in the fall as water 


temperatures cool.  This pattern can be most easily explained by the movement of fish 


towards the RBR Dam in the spring and the annual recruitment of young fish during the 


summer.  The nighttime sampling surveys indicate that the maximum fish densities 


occurred during 1994 and 1996.  The nighttime data indicated slight shifts in fish 


distribution throughout the year.  The highest densities of fish were observed in the area 


immediately below the RBR Dam during the spring and summer months. Fish densities 


increased downstream as the water temperatures cool in the fall and winter months..  The 


daytime data indicated the same general trend.  In most of the surveys, the mean monthly 


depth of fish targets was deeper during daylight surveys than night surveys. The data 


indicate that daytime sampling detected only 25 percent of the fish densities observed 


during nighttime sampling. Statistical analysis of day vs night data indicates that 


approximately half the number of transects were necessary to predict density at night than 


during daylight;  tailrace night - 32 transects, tailrace day - 69 transects, tailwater night - 


18 transects, and tailwater day - 44 transects.  Based on these analyses it was determined 


that nighttime data was a more reliable predictor of actual fish density in the tailrace and 


tailwater areas. 
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     During the 10-year study period, many environmental and physical changes occurred 


in the project area including; drought, the addition of tailrace lights, tailrace channel 


dredging, the addition of fishing berms, the "Unit 8 vortex berm," and project generation 


and pumpback operations.  The 10-year data base was reviewed to detect changes in the 


tailrace and tailwater fishery associated with these changes.  Although the study was not 


originally designed to address these changes, portions of the data base were appropriate 


for this analysis. 


     A severe drought was experienced at the project in 1986-89.  The low water levels in 


the RBR tailrace may have accounted for the low densities of fish in the tailwater during 


these years by: 1) low water levels would have provided less actual habitat and would not 


be able to hold as many fish; 2) the shallow water level would have decreased the area of 


the water column sampled by hydroacoustics since the transducer did not sample the top 6 


feet of the water column; and 3) the shallow bar in the lower tailrace area would have 


restricted fish movement. 


     Since electrical generation at the RBR project  is related to turbine operation and 


tailrace flows, the total generation by month was examined for trends in comparison with 


fish densities for the tailrace night samples.  During years of relatively high generation, 


(1990,1993, 1995, and 1996), fish densities in the tailrace area decline.  Due to increased 


water velocities in the tailrace, it is likely that fish either repositioned into low velocity 


areas close to banks or possibly moved downstream to tailwater areas.  The increased 


tailrace velocities would especially have an impact on juvenile populations  residing in 


the tailwater, since their ability to fight the flows is lower than adults. 


     Another change that occurred during the study period was the addition of illumination 


to the RBR tailrace area. Lights were installed along the dam face, fishing pier, and along 


both banks of the tailrace. Based on the behavioral responses of blueback herring and 


threadfin shad to light,  the hydroacoustic data was examined to observe any trends 


associated with increased lighting. The percent of the total number of fish in segments 


near the Georgia bank increased after installation of the lights.  It was not determined if 


this relationship is statistically significant, or if lights were the only reason for this change 


in fish distribution in the tailrace. 


     Another influence that occurred during the study period was the physical change in the 


tailrace by dredging. The tailrace area was deepened by dredging during an eight month 


period that extended from September 1994 to March 1995.  Hydroacoustic data from the 
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periods before, during, and after dredging were examined to observe spatial changes in 


fish distribution throughout the RBR tailrace and tailwater that may be associated with 


dredging. Examination of both nighttime and daytime survey data revealed no spatial 


changes in the fish distributions in the tailrace or tailwater that can be related to dredging 


operations. 


     Phase II and III project pumpback operations were undertaken during the spring of 


1995 and 1996, respectively, at the RBR project. Variations in the monthly mean 


densities occurred over the 10 year period sampled and include densities lower during the 


Phase II and Phase III period than in 1994, although densities were lower in 1986-1987 


and equally low in 1989-1990.  Possible explanations for this decline in 1995 and 1996 


include: increasing generation at RBR Dam flushing the tailwater, entrainment, natural 


variability of threadfin shad and blueback populations in Thurmond Lake, or physical 


changes in the tailwater.   


     Monthly population estimates were initiated in January 1996 to provide an estimate of 


the number of fish in the RBR tailrace and that portion of the tailwater affected by 


pumpback operations. The population estimates allowed us to estimate the number of fish 


susceptible to entrainment during a 4 unit pumpback operation in the immediate vicinity 


of the intakes (above the boat exclusion buoyline) and in the tailwater area.  This 


information was compared with the monthly hydroacoustic estimates of pumpback 


entrainment during the Phase III period.  Hydroacoustic entrainment estimates related 


well to the mobile hydroacoustics fish population estimates for the 7 months in the Phase 


III period.  Highest populations of fish occurred during July and August when 


entrainment of threadfin shad was highest.  The entrainment estimates were regressed 


against the mobile hydroacoustic population estimates for the months where data were 


available, an R2 = 0.91 with P < 0.001 indicates a good relationship exists for the Phase 


III test period.  This relationship was also supported by the small mesh gillnetting.  


Catches of threadfin shad were substantially higher during moratorium sampling than 


during nonmoratorium sampling at the most upstream station of JST.  Approximately 11.0 


percent of the fish (predominantly threadfin shad and blueback herring) in the 1,344 acre 


area sampled were entrained monthly.  The mobile hydroacoustic sample area represents 


less than 2 percent of the area of Strom Thurmond Lake, and the population estimates for 


this area in March and August represent 2.9 percent and 1.9 percent of the lakewide 


population estimates for those months.  Entrainment estimates were also compared with 


line transect density estimates, however, the relationship was not as closely correlated as 


the population estimate data. 
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Population Modeling 


Summary 


    The impacts of operating  pumped storage at RBR Dam cannot be completely assessed 


by simply comparing the entrainment losses against estimates of population abundance.  


Risk assessment methods, combined with population modeling, must be used to quantify 


the risk that an impact may cause a population to decrease to extinction or to a threshold 


level.  In this approach a mathematical model is used to describe the dynamics of a target 


species.  Population vital statistics are randomly selected to predict 50-year population 


histories that appear to match the general pattern observed for the target species.  This 


process is repeated up to 1000 times.  The resulting trajectories can be analyzed 


statistically to determine the probability that over multiple runs a population may go 


extinct or reach a lower threshold.  Losses resulting from entrainment can be placed in 


this same framework and the impact can be couched as an increase in the probability of 


extinction or an increased probability that the low threshold will be reached. 


    Population model based risk assessment using the RAMAS population models was 


performed on the following five species/groups of fish :  threadfin shad, blueback herring, 


black crappie, hybrid bass, and striped bass (provided in Appendix N) .  Three risk 


assessments were prepared for each species/group.  Each risk assessment used a different 


method of determining entrainment totals that in turn will be compared to a common "no 


pumpback" operation alternative.   Common population data for each risk assessment was 


obtained from Phase III studies. 


      The approach described above was applied to five species identified by the CG:  


threadfin shad, blueback herring, striped bass, hybrid bass, and black crappie under three 


scenarios:  Phase III entrainment rates extrapolated to wet year, average year, and dry 


year entrainment total.  The dry year entrainment scenario (50 consecutive years of dry 


year entrainment) is presented as a worst case analysis.  For this worst case analysis, the 


risk assessment was generally similar for  four  of the five species (threadfin shad, 


blueback herring, black crappie, and hybrid bass).  For these four species, the 


probabilities of reaching a low threshold was never more than 5.5 percent, that is the 


effect of  pumped storage operation on these four species is slight.  For striped bass, the 


addition of entrainment losses increased the probability of an effect by 8 percent for the 
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worst case analysis.   While still small, this greater level of impact for striped bass is 


observed because the relative number of striped bass in JST Lake is small and the species 


is long-lived. 
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Predictions of Future Entrainment 


Summary 


     Entrainment samples provide estimates of the numbers of fish passing through the 


pump-turbines.   These rates can be used to describe entrainment patterns during the 


period of sampling, but also can be used to project possible entrainment by taking the 


entrainment rate obtained from monitoring and expanding by the numbers of hours of 


pumpback operation that can be expected under different future hydrological conditions.  


The amount of pumpback operation that will occur in the future is partially dependent 


upon basin inflows.  Higher basin inflows reduce the need for pumping operation to 


maintain the capacity of conventional generation.  Expansions to predict entrainment (all 


adjusted for survival) to future operation are based on the hourly fish passage rate 


obtained from netting samples for each month multiplied by the unit hours of operation 


anticipated for wet, average, and dry water years.  We emphasize that these projections 


are approximations because it is likely that reproduction and recruitment of fish within 


JST is also sensitive to hydrology so that different water years will exhibit differences in 


fish abundance and species composition.   Species likely to be impacted by turbine 


passage were evaluated using population modeling based risk assessment  as described in 


a previous section.   Impacts that are  proportionally small are difficult to assess with 


population modeling because the impact is small relative to the uncertainty in population 


vital statistics.  Various sensitivity analyses are conducted to dtermine how the use of a 


range of vital statistics would affect the results of the model.  We also compare 


entrainment numbers to population estimates and to commercial harvest, sport harvest and 


other sources of mortality  to allow entrainment totals to be placed in a relative context.   


For example, projected entrainment of 4,842,477 fishes weighing  20010 kg are projected 


to be killed under worst case operations for April through October.   This is 0.26 percent 


by number and 0.24 percent by biomass of the total of approximately ??1.807 billion fish 


in JST with a biomass of  8.4 million kilograms estimated to occur in JST during the late 


summer (by convention, the time period when many reservoir fishery assessments are 


made) of  1996.   For a 12 month entrainment scenario, approximately 0.46 percent by 


number and 0.43 percent  by weight of the fish in JST Lake can be reasonably expected to 


be killed by turbine passage during a dry year. 


        Anticipated entrainment totals, corrected for survival, for the different water years 
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differ  


 


substantially from 1,040,553 for a wet year to 4,842,477 under dry year conditions during 


April through October.  For the entire year (adjusted for survival), entrainment is 


estimated at 1,125,431 for a wet year and 8,067,489 for a dry year.   The average year 


predicted entrainment by number of  4,294,869 is  close to the dry  year prediction 


because the biggest difference between average and dry  year conditions is in the amount 


of spring time pumping when the entrainment  of fish by number is substantially less than 


in the late summer.   However, the difference by biomass between dry water year 


entrainment (20010 kg) and average water year entrainment (16002) is greater because 


larger fish are entrained during spring and early summer pumpback operation. 
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Phase III Data  Projected to Full Pumpback 


        Expansions to predict entrainment (all adjusted for survival) to future operation are 


based on the hourly fish passage rate obtained from netting samples for each month 


multiplied times the unit hours of operation anticipated for wet, average, and dry water 


years. Assessment of entrainment is made at a lakewide scale because the results of both 


mark-recapture studies for blueback herring and radio telemetry studies on striped bass 


and hybrid bass indicate that fish are widely distributed within the reservoir on an annual 


basis and are not restricted to one portion of the lake.   Localized and  seasonal effects on 


fish distributions are presented in the section on temperature habitat for striped bass. 


Tables 1-3 and 1-15  (not adjusted for survival) and Tables 1-4 and 1-19 (adjusted for 


survival) include columns in which both the numbers and biomasses of  netted fish are 


expanded to predict entrainment under different water years (note that referenced tables 


are presented in section 1 of this report).  The anticipated entrainment total losses, 


adjusted  for survival, for the different water years differ substantially from 1,040,553 fish 


for a wet year to 4,842,477 under dry year conditions during April through October (1-3). 


 For the entire year (adjusted for survival), entrainment losses are estimated at 1,125,431 


for a wet year and 8,067,489 for a dry year (Table 1-19).   The average year predicted 


entrainment by number of  4,294,869 fish is  close to the dry  year prediction of 4,294,869 


because the biggest difference between average and dry  year conditions is in the amount 


of spring time pumping when the entrainment  of fish by number is substantially less than 


in the late summer.   However, the difference by biomass between dry water year 


entrainment (20010 kg) and average water year entrainment (16002) is proportionally 


greater because larger fish are entrained during spring and early summer pumpback 


operation. 


     Entrainment samples provide estimates of the numbers of fish passing through the 


pump-turbines.   Species likely to be severely impacted by turbine passage were evaluated 


using population modeling based risk assessment.   Impacts that are  proportionally small 


are difficult to assess with population modeling because the impact is small relative to the 


uncertainty in population vital statistics.  Population modeling based risk assessment is 


presented in another section.  We also compare entrainment numbers to population 


estimates and to commercial harvest, sport harvest (Table 13-1), and other sources of 


mortality  to allow entrainment totals to be placed in a relative context.   For example, 


projected entrainment of 4,842,477 fishes weighing  20010 kg are projected to be killed 
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under worst case operations for April through October.   This is 0.26 percent by number 


and 0.24 percent by biomass of the total of approximately ??1.807 billion fish (Table 13-


2) with a biomass of  8.4 million kilograms estimated to occur in JST during the late 


summer (by convention, the time period when many reservoir fishery assessments are 


made) of  1996.   For the entire year, approximately 0.47 percent by number and 0.44 


percent by weight of the fish in JST Lake can be reasonably expected to be killed by 


turbine passage during a dry year.  These estimates assume that whole lake abundance 


estimates from 1996 are representative of abundances in other water years. 


      Population estimates (using two different methods)  and commercial harvest data are 


available for blueback herring against which the entrainment totals can be compared.  


Mobile hydroacoustics provides a total spring-time population estimate of  68 million fish 


with an average length of 120 mm.   Population estimate for blueback herring was based 


on the mark-recapture estimate.  It is reasonable to expect smaller blueback herring to 


have recruited to 1.5-inches long by August.   A total of 294,110 blueback herring of all 


sizes are projected to be killed during maximum pumpback operation (projected dry  year 


 operations) during April through October and about 313,069 can be reasonably expected 


to be killed during an annual cycle.  The entrainment mortality total for April through 


October  represents ??0.35 percent (294,110/84,000,000) of the total population.   On an 


annual basis, the entrainment mortality total is  ??0.37 (313069/84,000,000) percent of 


the total in  JST Lake.   Commercial harvest for 6 months of 1994 is 542,854 fish and for 


the full year in 1995 is 465,377 fish.  Harvest in 1996 was considerably reduced because 


of an abundance of the smaller size classes of fish that are not useable as bait by 


fishermen.  Turbine mortality of blueback herring during pumping operation is 


substantially less than commercial harvest.   The marked-recapture study to estimate the 


number of adult  blueback herring in the lake sacrificed 144,227 adult fish which is 49 


percent of the estimated mortality resulting from worst case pumpback operation.    


      Population estimates using mobile hydroacoustics are available for threadfin shad 


greater than 1.2 inches in both March and August of 1996.  The  March population  


estimate is 56,577, 931 fish and the August estimate is 1,322,185,433 fish.  The estimated 


turbine mortality loss of  threadfin shad under maximum pumpback operation during 


Phase III months is 4,426,610 or 0. 33 percent of the total or for an annual cycle 


7,035,204 individuals representing 0.53 percent of the total numbers using the August 


population estimate.  Threadfin shad have great reproductive potential and typically 


exhibit "boom and bust" cycles particularly when  reduced winter water temperatures 
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result in winter kill of this species.  The August estimate is used because entrainment of 


threadfin shad is highest in August and September during their period of maximum 


abundance. 


    No direct population estimates are available for  black crappie, white perch, striped 


bass, or hybrid bass.  However, creel surveys are available against which  entrainment of  


harvestable sizes of  these species can be contrasted.  In addition, routine gillnet surveys 


have been conducted for 11 years as part of baseline studies in JST Lake and offer a gage 


against which to measure pumpback entrainment at Richard B. Russell Dam.  Stocking 


goals are also known for striped bass and hybrid bass and can be used as a crude 


population estimate against which entrainment can be compared.   


     Under worst case (dry  year pumping operation), 55,618 total and 19,619 harvestable 


white perch are estimated to be killed by entrainment or impingement during the 


biologically active (Phase III) time period.   Separate estimates for annual entrainment are 


not presented because 98 percent of entrainment for this species occurs during the April 


through October time frame. This compares to an estimated total of  4,184,270 white 


perch obtained from cove rotenone expansions for 1994, the first year in which white 


perch become a significant proportion of the JST fish community.  White perch show the 


greatest potential for impact of any species investigated with 1.33 percent of the 


population being killed by pumping operation from April through October.  Separate 


annual estimates of entrainment mortality for white perch  are not presented because 98 


percent of the entrainment of this species occurs during the April through October time 


frame (Table 1-17).  Although lake wide numbers provide no evidence of impact, sport 


harvest of white perch for January through October of 1996 was estimated at 37,765 


which is approximately twice the entrainment totals of harvestable-size fish projected 


during worst case operation (Table 13-1).  White perch are the fish population most likely 


to be impacted by  pumped storage operation; however,  they have not been identified as a 


desirable sport fish.  As an additional consideration, it is likely that the population 


estimate used in the analysis (1994 cove rotenone areal expansions) substantially 


underestimate the abundance of this species.  The sport catch for this species was 3,900 in 


1994 compared to 37,765 for January through October 1996, suggesting an order of 


magnitude increase in the number of harvestable white perch in the three year period.  


Concomitantly, baseline monitoring using gillnets shows that the catch rate for this 


species has increased at all JST stations from 1992 to 1996. 
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     Black crappie entrainment mortality under worst case pumping scenarios is estimated 


to be 33,155 fish with 2,294 fish being of harvestable size.  Long-term sport harvest  of  


black crappie from 1983 to 1996 averages 254,798 fish/year with 196,053 black crappie 


caught from January to October of 1996.  Entrainment mortality loss of harvestable-sized 


fish is only  0.90 percent of the long term average sport catch and 1.15 percent of the 


estimated sport catch from January to October  1996 (Table 13-1).   The total number of  


black crappie entrained is 0.52 percent of the  long-term average abundance of black 


crappie in  JST Lake of  6,428,593 and 0.23 percent of the over 14 million black crappie 


were estimated for JST Lake in 1994, the most recent year in which cove rotenone data 


are available.  Separate annual estimates for  black crappie are not presented because 99 


percent of the entrainment mortality loss of this one species occurs during the April 


through October time frame (Table 1-17).  


     Striped bass entrainment and impingement mortality under April-October worst case 


pumping scenarios are estimated to be 1124 fish (1056 entrained and 68 impinged) with 


557 being of harvestable size (9-14 inches long) and 37 being of desirable size  (15 inches 


long or longer).   For an annual cycle, 1484 striped bass can be reasonably expected to be 


killed by entrainment and mortality  (1394 by  turbine mortality and 90 by impingement)  


with similar relative size composition presented for the April through October time frame. 


 The total population size of striped bass in JST Lake is unknown, although the 


management goal is to have an abundance of 3 striped bass per acre of lake area.  Using 


this as a general guide approximately 225,000 catchable striped bass could be reasonably 


expected to occur in JST Lake.  The worst case April through October mortality  total of 


594 for the two largest size-groups of striped bass is 2.6 percent  (594 / 225,000) of the 


management target.  The long term average sport harvest of striped bass is 18,504 


fish/year (Table 13-1).  April through October mortality of the largest two size classes of 


striped bass is 3.2 percent of harvest and mortality of the largest size group of striped bass 


(probably most representative of sport  harvest) compared to the sport harvest is 0.020 


percent (37 / 225,000).  Routine and moratorium gillnetting (an accepted fishery 


assessment tool)  has been conducted in JST Lake from 1986 to the present to provide 


relative estimates of spatial and temporal patterns of distribution of large, active fishes 


such as striped bass and hybrid bass.  Average catch of striped bass in gill nets is 187 


fish/year with 59 percent in the desirable length category (15 inches long and longer) or 


110 fish/year compared to 37 fish/year of the 15-inch and larger length group entrained 


by the dam.   Remarkably, the effects of the baseline netting program has substantially 


greater impact on the numbers of the largest length group of striped bass than does 
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operation of  pumped storage operation under worst-case (dry year)  operations.  


     Hybrid bass entrainment and impingement mortality under worst case pumping 


scenarios are estimated to be 616 fish  (536 by passage mortality and 80 by impingement) 


with 329 being of harvestable size (9-14 inches long) and 111 being of desirable size  (15 


inches long or longer).   For an annual cycle of operation, a total of  1016 hybrid bass can 


be reasonably expected to be killed (884 by passage mortality and 132 by impingement).  


The total population size of hybrid bass  bass in JST Lake is unknown, although the 


management goal is to have an abundance of  7 hybrid bass per acre of lake area.  Using 


this as a general guide approximately 525,000 catchable hybrid bass could be reasonably 


expected to occur in JST Lake.  The worst case April through October mortality  total of  


440 (360 by passage mortality and 80 by impingement) for the two largest size-groups of 


hybrid bass is 0.08 percent of the management target density.  The long term average 


sport harvest of striped bass is 60,304 fish/year.  April through October mortality of the 


largest two size classes of hybrid  bass (440) is 0.73 percent of harvest and mortality 


(111) of the largest size group of hybrid bass (probably most representative of sport  


harvest) compared to the sport harvest is 0.18 percent (Table 13-1).  Routine and 


moratorium gillnetting has been conducted in JST Lake from 1986 to the present.  


Average catch of hybrid bass in gill nets is 617 fish/year with 69.0 percent in the desirable 


length category (15 inches long and longer) or 426  fish/year compared to 109 fish/year of 


the same length group entrained by the dam.   Remarkably, like for striped bass, the 


effects of the baseline netting program has substantially greater impact on the numbers of 


larger hybrid bass than does operation of  pumped storage operation under worst case 


conditions. 
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Table 13-1.  JST creel survey harvest estimates total number by species. 


 
 
YEAR 


 
Striped 


Bass 


 
Hybrid 


Bass 


 
Crappie 


 
Largemouth 


Bass 


 
Yellow 
Perch 


 
White 
Perch  


1983 
 


4,103 
 


62,102 
 


210,893 
 


98,462 
 


0 
 


0  
1984 


 
2,568 


 
59,384 


 
396,190 


 
159,526 


 
0 


 
0  


1985 
 


13,018 
 


55,246 
 


285,366 
 


108,594 
 


5,447 
 


0  
1986 


 
5,691 


 
36,016 


 
189,311 


 
103,878 


 
2,350 


 
0  


1987 
 


29,274 
 


40,690 
 


246,063 
 


152,500 
 


8,072 
 


0  
1988 


 
No Creel 


 
 


 
 


 
 


 
 


 
  


1989 
 


4,374 
 


41,204 
 


249,844 
 


187,166 
 


5,293 
 


0  
1990 


 
13,531 


 
67,195 


 
415,446 


 
302,137 


 
15,438 


 
0  


1991 
 


30,424 
 


63,440 
 


250,119 
 


158,663 
 


4,662 
 


908  
1992 


 
11,056 


 
77,367 


 
252,813 


 
209,751 


 
3,894 


 
4,184  


1993 
 


35,234 
 


85,693 
 


168,669 
 


182,457 
 


5,861 
 


11,128  
1994 


 
46,525 


 
106,591 


 
183,994 


 
213,489 


 
3,633 


 
3,900  


1995 
 


29,717 
 


51,972 
 


267,610 
 


144,783 
 


9,509 
 


61,215  
1996* 


 
15,035 


 
37,058 


 
203,032 


 
70,783 


 
1,516 


 
67,816  


Total 
 


240,546 
 


783,958 
 
  3,319,350 


 
2,092,189 


 
65,675 


 
149,151  


AVG. 
 


18,504 
 


60,304 
 


255,335 
 


160,938 
 


5,970 
 


24,859 
 


* 1996 striped bass, hybrid bass, and white perch estimates are from the South Carolina 
DNR creel estimates and only include the area from the confluence of the Savannah and 
Broad Rivers downstream to Thurmond Dam.  The Georgia DNR creel estimate which 
includes the area from the confluence of the Savannah and Broad Rivers upstream to 
Russell Dam had a combined striped bass, hybrid bass, and white perch. harvest of 6,564 
fish, but does not include species specific estimates. 
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Table 13-2.  ??Projected numbers and percentages of fish killed by entrainment during commercial  pumped 
storage operation under dry (maximum), average, and wet (minimum) conditions and total fish numbers in 
JST.  Total fish in JST obtained by  combining arithmetic mean cove rotenone expansions (CR) excluding 
threadfin shad and blueback herring.  Threadfin shad estimates were obtained from August 1996 mobile 
hydroacoustics survey (HAT).   Estimates for adult blueback herring obtained from mark recapture study  
(MRB).  TT=cell total.  Entrainment numbers based on Phase III data, April to October.  


 


 
SIZE CLASS ALL 


SPECIES 


 
TOTAL # FISH BY SIZE 


IN JST1 


 
#/PERCENT 


ENTRAINED DRY 
YEAR MAXIMUM2 


 
#/PERCENT 
ENTRAINED 


AVERAGE YEAR 


 
#/PERCENT 


ENTRAINED WET 
YEAR MINIMUM 


 
1.2"-3.4" 


 


 
CR- 345,161,127 


HAT- 1,306,372,203  


TT- 1,651,533,330 


 
4,370,8343 


0.26% 


 
3,931,395 


0.23% 


 
983,264 


0.06% 


 
3.5"-5.4" 


 
CR- 36,770,382 


HAT- 15,560,376 


TT-52,330,758 


 
200,008 


0.37% 


 
155,351 


0.30% 


 
29,840 


0.06% 


 
5.5"-8.4" 


 
CR- 13,161,897 


HAT- 252,854 


MRB- 84,165,737 


TT- 97,580,488 


 
265,442 


0.31% 


 
203,783 


0.24% 


 
26,794 


0.03% 


 
≥ 8.5" 


 
CR- 5,361,769 


HA- 0 


TT- 5,361,769 


 
6,260 


0.12% 


 
4,390 


0.08% 


 
662 


0.01% 


 
TOTALS: 


 
CR- 400,615,422 


HA+MR-1,443,546,991 


TT-1,806,806,345 


 
4,842,544 


0.26%  


 
4,294,919 


0.23% 


 
1,040,560 


0.06% 


 


1 Population by size class determined by  5 years of cove rotenone sampling in JST Lake for species other 
than blueback herring and threadfin shad.  Proportion of fish less than 1.2 inches determined from 1986 & 
1987 cove rotenone studies and used to decrease long term mean number of fish.  Threadfin shad 
abundance & size information obtained from mobile hydroacoustic surveys conducted in August of 1996 
and blueback herring abundance obtained from May 1996 mark-recapture study.  2 Numbers and 
percentages for Phase III expanded data based on current projections for pumping unit hours for dry, mean, 
and wet water years.  
3 The efficiency of both the netting gear and the fixed-aspect hydroacoustics monitoring system drops off 


within the 2.0 inch size class (which includes fishes from 1.5 inches to 2.4 inches long). 
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Striped Bass Temperature Habitat 


Summary 


     Water temperature and dissolved oxygen (DO) monitoring and multi-dimensional 


water quality modeling both indicated temperature impacts associated with pumped-


storage operation in the tailwater area of RBR Dam.  These impacts were coincided with 


a decline in striped bass and hybrid bass harvest in 1996.  Water quality data collected 


from the critical summer period (July-September, 1992-1996) were examined to 


characterize tailwater and lakewide striped bass habitat dynamics in JST Lake.  Water 


quality dynamics relative to striped bass requirements are presented because they are 


better known and more restrictive than hybrid bass water quality requirements. 


 


     Two categories of striped bass habitat were defined by the following bounds:  


preferred habitat (water having DO greater than 3.0 parts per million and temperature less 


than 240 C) and restricted habitat (DO greater than 3.0 PPM and water temperature less 


than 270C).  Striped bass restricted habitat in the RBR tailwater did not decrease with 


RBR operations in 1996 compared to conditions in 1993, a year having similar lake 


elevation patterns to 1996.  However, a loss in striped bass preferred habitat was evident 


in the RBR tailwaters.  The loss in preferred habitat was related to an increase in the mean 


water temperature released from RBR Dam and increased bottom temperatures recorded 


in the RBR tailwaters. 


 


     Lakewide restricted habitat did not show a noticeable decrease in 1996 compared to 


1993.  Lakewide preferred habitat was lowest during September, 1996, but was similar to 


1993 estimates.  Preferred habitat was available in other portions of the lake other than 


the tailwater.  In 1996 water temperatures in the tailwater may have exceeded the 


preferred habitat criteria with a concomitant outmigration of striped bass and other cool 


water species into the main body of the lake.  Lakewide habitat volumes estimated from 


the CE-QUAL-W2 water quality model indicated less habitat in years when lake levels 


are lower.    
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Striped Bass Temperature Habitat 


Introduction 


     Striped bass have been successfully stocked into JST Lake and provide an important 


and viable sport fishery. However, summer mortality of striped bass has been widely 


documented due to a decrease in habitat associated with a temperature-oxygen squeeze 


(Zale,1990). An increase in bottom water temperatures, coupled with a decline in the 


striped bass harvest in the RBR tailwaters during the Phase III study, warranted further 


investigation into striped bass habitat in the RBR tailwaters and Strom Thurmond 


Reservoir. Water quality data was analyzed for the critical summer period July-August 


from 1992-1996 to determine if there was any change in striped bass habitat.     


 


Methods 


     Striped bass habitat was broken into two categories to allow a more complete 


analysis. The first habitat type is termed “preferred habitat” and is defined as having an 


upper avoidance temperature of 24 C and a lower dissolved oxygen avoidance 


concentration of 3 mg/l based on published literature (Crance, 1984; Van Den 


Avyle,1990).  These criteria describe the upper bonds of habitat conditions striped bass 


will select if made available to them. The second habitat type was termed “restricted 


habitat” which is defined as having an upper temperature limit of 27 C and a lower DO 


concentration of 3 mg/l.  Striped bass stop feeding when water temperatures reach 270C 


(Zale,1990).  


 


     Methods used in collecting limnological data in Richard B. Russell and Strom 


Thurmond Reservoirs can be found in the “Water Quality and Hydrodynamics Results” 


section of the Phase III Report.   Water quality data used in this analysis were taken from 


routine monthly samples throughout the lake at sampling stations as shown in Figure 2.3 


of the Water Quality Phase III Report. At each station water temperature, dissolved 


oxygen, pH, and conductivity were measured at 2-meter intervals from the water surface 
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to the lake bottom. The lake was divided into seven regions each containing at least one 


water quality station.  


 


     An  elevation-volume relationship was determined for each of the seven regions based 


upon a digital terrain map of the lake.  A regression equation was determined to 


approximate the elevation-volume relationship within each sub-region.  A second or third 


order polynomial (equation 1) was found to closely fit the data in each case (R2 > 0.98). 


The seven stations used in this analysis along with the coefficients defining the elevation-


volume relationship are listed in Table 14-1. Striped bass habitat is calculated 


volumetrically using the CE-QUAL-W2 model where 


   Vol  = storage volume in cubic meters. 


Elev = elevation in ft. 


C1,C2,C3 = elevation volume coefficients. 


     A total of about 100 observations of temperature and DO were integrated over JST 


Lake to obtain monthly estimates of average temperature, DO, and striped bass habitat 


volumes listed in Tables 14-2 to 14-4.  An elevation range and a corresponding volume 


was determined for each water quality observation.  The energy or mass associated with 


each observation was then categorized by habitat category and totaled for the entire lake. 


 


Results 


     There was no loss of restricted habitat in the RBR tailwaters during 1996 compared 


to previous years (Figures 1-3). However, a decline in preferred striped bass habitat was 


evident in the tailwater region of  RBR Dam during July and August, 1996. The loss of 


preferred habitat in the RBR tailwaters was related to an increase in mean water 


temperature released from RBR Dam (Water Quality Report Figure 4.24) and increased 


bottom temperatures recorded in the tailwaters during 1996 compared to previous years 


3)C2-C1(Elev=Vol C  
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(Water Quality Report Figures 4.6 and 4.7). Daily tailwater isotherms plotted August 23- 


September 2, 1996 indicate that when pump events are directly preceded by conventional 


generation, water temperatures decrease at all tailrace locations from PU04001 to P045 


(Water Quality Report Figure 3.9). 


 


     Lakewide restricted habitat did not show a noticeable decrease in 1996 compared to 


1993 (Tables 14-2 to 14-4). Similarities in limnological conditions between 1993 and 


1996 were also evident in July when deeper waters near the JST Dam supported higher 


DO concentrations compared to other years.  Restricted habitat was highest 


volumetrically in JST Lake during July 1994 with 68.5% of the lake available. During 


August, restricted habitat was highest during 1992 and 1994, respectively. The least year 


to year variation in restricted habitat occurred in September among the months analyzed. 


Higher concentrations of DO, resulting from unseasonably large discharges through JST 


Dam, increased striped bass habitat lakewide in September 1994 compared to other years 


studied.  


 


     Preferred habitat was highest during August, 1992 with 36.5% of the lake volume 


available. The increase in habitat during this period was mainly due to higher 


concentrations of DO available near the JST Dam (Figure 2). Preferred habitat was lowest 


volumetrically during September, 1996, but was similar to the lakewide habitat estimated 


in 1993.  


 


     Lake water elevation appeared to affect striped bass habitat.  Higher pool elevations in 


1994 during July and August could be a contributing factor to the increased volume of 


restricted habitat. Conversely,  lower lake elevations in September of 1993 and 1996 


occurred when preferred habitat was lowest. 
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Table 14-1.  Coefficients for JST Lake stage-volume relationship. 


 
Station 


 
c1 


 
c2 


 
c3 


 
015 


 
643.85 


 
216.0 


 
3.0 


 
020 


 
32565.07 


 
180.0 


 
2.0 


 
025 


 
294.099 


 
198.0 


 
3.0 


 
030 


 
937.87 


 
246.0 


 
3.0 


 
035 


 
36774.01 


 
267.0 


 
2.0 


 
039 or 040 


 
708.49 


 
276.0 


 
3.0 


 
045 


 
217.26 


 
276.0 


 
3.0 


 


Table 14-2.  JST Storage Volume Distribution for July, 1992-1996. 


 
 


Date 


 
 


Pool 
Ele- 


vation 


(ft) 


 
 


Storage 
Volume 


(m3 x 109) 


 
Percent 


Volume 


Tmp < 27oC 


DO > 3 mg/l 


(Restricted) 


 
Percent 


Volume 


Tmp < 24 oC 


 DO > 3 mg/l 


(Preferred) 


 
Mean 


Temp 


 


(C ) 


 
Mean 


DO 


 


(mg/l) 


 
7/20/92 


 
328.7 


 
3.11 


 
22.6 


 
22.4 


 
23.2 


 
5.2 


 
7/14/93 


 
328.2 


 
3.07 


 
37.3 


 
28.9 


 
23.2 


 
5.7 


 
7/5/94 


 
331.8 


 
3.36 


 
68.5 


 
19.9 


 
23.2 


 
5.3 


 
7/13/95 


 
329.2 


 
3.14 


 
26.6 


 
16.4 


 
23.5 


 
5.0 


 
7/15/96 


 
328.6 


 
3.09 


 
25.5 


 
12.3 


 
22.8 


 
5.2 
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Table 14-3.  JST Storage Volume Distribution for August, 1992-1996. 


 
 


 


Date 


 
 


Pool 
Ele-


vation 


(ft) 


 
 


Storage 
Volume 


(m3 x 
109) 


 
Percent 


Volume 


Tmp <27oC 


DO >3mg/l 


(Restricted) 


 
Percent 


Volume 


Tmp < 24oC 


 DO > 3mg/l 


(Preferred) 


 
Mean  
Temp. 


(C) 


 
Mean  
DO 


(mg/l) 


 
8/19/92 


 
327.6 


 
3.01 


 
50.8 


 
36.5 


 
23.6 


 
6.2 


 
8/12/93 


 
327.0 


 
2.99 


 
16.3 


 
11.2 


 
23.2 


 
4.6 


 
8/18/94 


 
332.8 


 
3.45 


 
49.4 


 
17.2 


 
24.3 


 
4.8 


 
8/14/95 


 
327.6 


 
3.01 


 
14.2 


 
7.8 


 
24.7 


 
5.0 


 
8/12/96 


 
328.5 


 
3.09 


 
15.0 


 
8.5 


 
24.1 


 
4.3 


 


 


Table 14-4.  JST Storage Volume Distribution for September, 1992-1996. 


 
Date 


 
Pool 
Ele-


vation 


(ft) 


 
Storage 
Volume


(m3  


x109) 


 
Percent 
Volume 


Tmp < 27oC 


DO > 3 mg/l 


(Restricted) 


 
Percent 


Volume 


Tmp < 24 oC 


 DO > 3 mg/l 


(Preferred) 


 
Mean 


Temp 


(C) 


 
Mean 


DO 


(mg/l) 


 
9/22/92 


 
330.1 


 
3.22 


 
57.6 


 
15.2 


 
23.7 


 
5.4 


 
9/13/93 


 
325.5 


 
2.85 


 
49.5 


 
7.6 


 
23.5 


 
5.0 


 
9/15/94 


 
330.5 


 
3.25 


 
47.3 


 
16.0 


 
24.1 


 
5.0 


 
9/11/95 


 
329.5 


 
3.17 


 
67.1 


 
13.3 


 
24.1 


 
5.2 


 
9/16/96 


 
325.8 


 
2.88 


 
69.4 


 
6.9 


 
24.5 


 
4.9 
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Jamie:  Figures from John Hains go here. 







Christie; Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis (gjobsis@americanrivers.org); Greg Mixon; Hal Beard;
Henry Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Jordan Johnson; Karla Reece
(Karla.Reece@noaa.gov); Kelly Miller; rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy
mahan (rmahan@sc.rr.com); Robert Stroud; Ron Ahle; Sam Stokes Jr.; Shane Boring; Steve Summer; STUTTS,
BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)
Subject: draft Fish Entrainment Report
All,
Attached is the draft Fish Entrainment Report for the Parr Hydro Project. Please review and submit

any comments or edits by Friday, May 8th. Also attached for your reference is a PDF document
containing appendices A, B, and C.
Thanks,
Kelly
Kelly Miller
Regulatory Coordinator

Office: 803.462.5633
www.KleinschmidtGroup.com

http://www.kleinschmidtusa.com/


From: ARGENTIERI, WILLIAM R
To: Henry Mealing; Shane Boring
Cc: Kelly Miller; STUTTS, BRANDON G
Subject: FW: Broad River RRH Spawning Aggregation
Date: Friday, May 08, 2015 4:46:31 PM

 
 
From: QUATTLEBAUM, MILTON 
Sent: Friday, May 08, 2015 4:39 PM
To: SUMMER, STEPHEN E; ARGENTIERI, WILLIAM R
Subject: FW: Broad River RRH Spawning Aggregation
 
FYI
 

From: Scott Lamprecht [mailto:LamprechtS@dnr.sc.gov] 
Sent: Friday, May 08, 2015 3:08 PM
To: Shane Boring; QUATTLEBAUM, MILTON
Subject: Broad River RRH Spawning Aggregation
 
***This is an EXTERNAL email. Please do not click on a link or open any attachments
unless you are confident it is from a trusted source.

 
Shane & Milton,
 
On Wed. May 6 we shocked the stretch below Parr Dam looking specifically for RRH juveniles (water
20 C, 3200 cfs).  We were not successful in capturing any.  However, we did collect 18 adults in
spawning condition; flowing tuberculate males and egg flowing females.  15 of these came in a small
area depicted in the attached file, located at Lat 34.253442  lon -81.326967 (slightly different than
google screen shot).  This shoot was characterized by fast flow and woody debris; downstream of a
slight bend in the river against Henderson Island.  The number of fish was significant in that it
represented one of the highest concentration of spawning condition fish I have seen.  This site is
worthy of further habitat characterization.   We could have collected more if we had more dippers
and could handle the boat better in the fast water.  We may have dipped 60% of the fish observed. 
This is with one boat only.  Pretty exciting.
 
Scott Lamprecht
Freshwater Fisheries Coordinator Region IV
SC Department of Natural Resources
305 Black Oak Road
Bonneau, SC 29431
843 825-3387
843 870-5810

 

mailto:BARGENTIERI@scana.com
mailto:Henry.Mealing@KleinschmidtGroup.com
mailto:Shane.Boring@KleinschmidtGroup.com
mailto:Kelly.Kirven@KleinschmidtGroup.com
mailto:BSTUTTS@scana.com
mailto:LamprechtS@dnr.sc.gov


From: Shane Boring
To: Bill Marshall; Kelly Miller
Subject: RE: Rocky Shoals Spider Lily Survey
Date: Thursday, May 21, 2015 3:07:05 PM

Thanks, Bill. Bill Stangler has indicated that we’re much less likely to see anything on day 2, and since
it’s a straight channel (no islands), we plan to hit it with a skeleton crew to make sure we cover the
study area. Point is, you won’t miss much on Day 2. We’ll count you in for Day 1.
Shane Boring
Environmental Scientist
Office: 803.462.5625
www.KleinschmidtGroup.com

From: Bill Marshall [mailto:MarshallB@dnr.sc.gov] 
Sent: Thursday, May 21, 2015 2:50 PM
To: Kelly Miller; Shane Boring
Subject: RE: Rocky Shoals Spider Lily Survey
Kelly and Shane,
I'd like to join you all for the Day 1/Tuesday survey if that still works for you. I cannot go on Day 2.
Looks like I do need to bring a boat.... but please let me know if do not need to bring a boat.
Thanks,
Bill

From: Kelly Miller [mailto:Kelly.Miller@KleinschmidtGroup.com] 
Sent: Thursday, May 21, 2015 12:58 PM
To: Shane Boring; Henry Mealing; Jordan Johnson; Jared Porter; STUTTS, BRANDON G; Caleb Gaston
(caleb.gaston@scana.com); BRESNAHAN, AMY; Bill Stangler (CRK@congareeriverkeeper.org); Bill Marshall; Katy
Langley
Subject: Rocky Shoals Spider Lily Survey
Good afternoon!
This email is only being sent to those members of the RT&E TWC that indicated an interest in
participating in the Rocky Shoals Spider Lily (RSSL) Survey. As promised, below are details about next
week’s survey.

Day 1 (Tuesday, May 26th)
Attendees: Shane Boring, Henry Mealing, Jordan Johnson, Jared Porter, Brandon Stutts, Amy

Bresnahan, Caleb Gaston, Bill Stangler, Bill Marshall (?)
Boats: 3 single kayaks (Henry), 1 single kayak (Shane), 1 single kayak (Brandon), 1 single kayak (Bill

S.), 1 single kayak (Amy B.), Kleinschmidt’s Riverhawk
Meeting location: Meet at the Columbia Rowing Club at 7:00am; Logan from River Runner Outdoor

Center will meet us there to load boats and transport up to the put-in
location at Haltiwanger Island

Field Equipment: All field equipment will be provided by Kleinschmidt; please bring your lunch and
snacks, and your kayak (if indicated)

Day 2 (Wednesday, May 27th)
Attendees: Jared Porter, Katy Langley, Brandon Stutts, Amy Bresnahan, Caleb Gaston, Henry Mealing

(?), Bill Marshall (?)
Boats: Riverhawk x2 (Katy and Jared), 1 single kayak (Brandon), 1 single kayak (Amy B.), 3 single

kayaks (Henry)
Meeting location: Meet at the Palmetto Trail parking area at the Alston gage at 8:00am; Jared will

mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=0FA4B1C4FEA748839EB466CC6CE57391-SHANE BORIN
mailto:MarshallB@dnr.sc.gov
mailto:Kelly.Kirven@KleinschmidtGroup.com
file:////c/www.KleinschmidtUSA.com
mailto:Kelly.Miller@KleinschmidtGroup.com
mailto:caleb.gaston@scana.com
mailto:CRK@congareeriverkeeper.org


meet Brandon at Fulmer Bottom at 7:30am to leave a car; take out at Fulmer
Bottom

Field Equipment: All field equipment will be provided by Kleinschmidt; please bring your lunch and
snacks, and your kayak (if indicated)

Tuesday will be a long day, so prepare accordingly. If you have any questions, or won’t be able to
join us as planned, please let myself or Shane know ASAP.
Thanks!
Kelly
Kelly Miller
Regulatory Coordinator

Office: 803.462.5633
www.KleinschmidtGroup.com

http://www.kleinschmidtusa.com/


From: Bill Marshall
To: Kelly Miller
Cc: Dick Christie
Subject: RE: draft Operations RCG meeting notes - 5/5/15
Date: Thursday, June 11, 2015 3:04:37 PM

Hi Kelly
In regard to the homework assignments from the May 5 meeting, Dick Christie says he has looked
into the issue of operation effects on downstream flows in regards to striped bass, and DNR does
have a concern that project flows may be disrupting or limiting striped bass spawning success (as
well as other diadromous fish species)  in the Congaree River. We recommend that this issue be
discussed as we go forward in the relicensing process.
Thanks,
Bill Marshall
SCDNR
 
 

From: Kelly Miller [mailto:Kelly.Miller@KleinschmidtGroup.com] 
Sent: Monday, June 08, 2015 10:34 AM
To: Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall; Bill Stangler
(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Bret Hoffman; Bruce Halverson; Byron Hamstead
(Byron_hamstead@fws.gov); Dick Christie; Frank_Henning@nps.gov; Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon; Henry Mealing; J. Hagood Hamilton Jr.
(jhamilton@scana.com); Jay Maher; Joe Wojcicki; Kelly Miller; Lorianne Riggin; Malcolm Leaphart
(mwleapjr@att.net); Pace Wilber (Pace.Wilber@noaa.gov); rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Scott Harder; Steve Summer;
STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov); Wayne and Ginny Boland
(wayneboland@bellsouth.net)
Subject: draft Operations RCG meeting notes - 5/5/15
 
Good morning all,
 
During the last Operations RCG meeting, held on May 5, 2015, the group discussed the possible
need for any additional edits for finalizing the model.  At this point, all revisions have been made and
the Parr-Fairfield Operations Model is now considered complete.  If you would like to have a copy of
the model, please let me know and I will make sure you receive one.
 

Attached are the draft notes from the May 5th Operations RCG meeting.  Please review and send any

comments or edits back to me by Monday, June 22nd.  Please note that the PowerPoint presentation
given during the meeting will be attached to the final notes.
 
Thanks,
Kelly
 
Kelly Miller
Regulatory Coordinator

Office: 803.462.5633
www.KleinschmidtGroup.com

mailto:MarshallB@dnr.sc.gov
mailto:Kelly.Kirven@KleinschmidtGroup.com
mailto:ChristieD@dnr.sc.gov
http://www.kleinschmidtusa.com/


 



From: Dick Christie
To: Kelly Miller
Subject: RE: Draft Waterfowl Surveys
Date: Thursday, July 02, 2015 4:47:46 PM

You Are welcome. Have a great holiday as well!

From: Kelly Miller [mailto:Kelly.Miller@KleinschmidtGroup.com] 
Sent: Thursday, July 02, 2015 3:25 PM
To: Dick Christie
Cc: Willie Simmons; Sam Stokes Jr.; Billy Dukes; Bill Marshall; Henry Mealing; ARGENTIERI, WILLIAM R; Alison
Jakupca
Subject: Re: Draft Waterfowl Surveys
Thanks for the quick response Dick. And as always, we appreciate DNR's continued participation in
the relicensing of Parr Hydro.
Hope you all have a great 4th of July!
Kelly

Sent from my iPhone

On Jul 2, 2015, at 3:17 PM, Dick Christie <ChristieD@dnr.sc.gov> wrote:

Hi Kelly - we can live with question #2 in the survey.

From: Kelly Miller [mailto:Kelly.Miller@KleinschmidtGroup.com] 
Sent: Thursday, July 02, 2015 11:28 AM
To: Dick Christie
Cc: Willie Simmons; Sam Stokes Jr.; Billy Dukes; Bill Marshall; Henry Mealing; ARGENTIERI, WILLIAM
R; Alison Jakupca
Subject: RE: Draft Waterfowl Surveys
Hi Dick,
Thank you for the comments you submitted regarding the waterfowl surveys. We agree
to delete question 4 from the Enoree survey. However, we have some concerns over
deleting question 2, as it is a common question asked for recreation surveys, and
provides information that FERC typically likes to see. We understand that Enoree can
be a busy area for waterfowl hunting, but would like to get the hunter’s perception on
how crowded they believe the area to be.
We would like to get a little more information from DNR on why this question should
be deleted from the survey. We will be glad to have a conference call with you to
discuss this issue. Please let me know your availability and I can schedule something in
the next two weeks. We hope to have these surveys finalized in the next few weeks so
that we can focus on our distribution methods prior to the start of waterfowl hunting
season.
As a side note, we distributed these surveys to the US Forest Service, as they also
expressed an interest in the waterfowl hunting areas. We are currently waiting to hear
back from them, and I will be glad to share their comments once received.
Thanks,
Kelly
Kelly Miller
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Regulatory Coordinator
Office: 803.462.5633
www.KleinschmidtGroup.com

From: Dick Christie [mailto:ChristieD@dnr.sc.gov] 
Sent: Monday, June 15, 2015 1:36 PM
To: Kelly Miller
Cc: Willie Simmons; Sam Stokes Jr.; Billy Dukes; Bill Marshall
Subject: RE: Draft Waterfowl Surveys
Hi Kelly - I have heard from DNR staff regarding the waterfowl surveys. We are good
with the surveys for Parr and Monticello. For the Enoree River survey, we are not
comfortable with questions 2 and 4 and request that they be deleted. Let me know if
you have any other questions. Thanks.

From: Kelly Miller [mailto:Kelly.Miller@KleinschmidtGroup.com] 
Sent: Friday, May 22, 2015 10:59 AM
To: Willie Simmons; Sam Stokes Jr.; Dick Christie; Bill Marshall; Billy Dukes
Cc: ARGENTIERI, WILLIAM R; Henry Mealing; Alison Jakupca
Subject: Draft Waterfowl Surveys
Good morning gentlemen,
Attached are three draft waterfowl surveys we have prepared for Enoree, Parr and
Monticello. Please review and let me know if you have any comments or edits.
Thanks!
Kelly
Kelly Miller
Regulatory Coordinator
Office: 803.462.5633
www.KleinschmidtGroup.com
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From: Lorianne Riggin
To: Kelly Miller; Alison Jakupca
Cc: Dick Christie; Bill Marshall; Greg Mixon
Subject: Habitat Enhancement Verbiage for Monticello SMP
Date: Thursday, September 03, 2015 9:08:42 AM
Attachments: Fisheries Habitat Enhancement Verbiage_Monticello SMP_final.docx

Howdy All!
Attached is the verbiage we are suggesting for the Monticello SMP.
Please let me know if you have any questions or require more info.

Thanks,
Lorianne

Lorianne Riggin
Office of Environmental Programs
South Carolina Department of Natural Resources
1000 Assembly Street, PO Box 167
Columbia, SC 29202
Cell 803-667-2488
www.dnr.sc.gov
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mailto:Kelly.Kirven@KleinschmidtGroup.com
mailto:Alison.Jakupca@KleinschmidtGroup.com
mailto:ChristieD@dnr.sc.gov
mailto:MarshallB@dnr.sc.gov
mailto:MixonG@dnr.sc.gov
http://www.dnr.sc.gov/aquaticed

Incorporate into Section 4.0 moved from the Permitting Handbook to the Monticello Shoreline Management Plan

Fisheries Habitat Enhancement

Enhancing aquatic habitat is an important aspect of freshwater fisheries management.  SCDNR may establish and maintain aquatic habitat such as, but not limited to, aquatic vegetation plantings, felled trees cabled along shorelines, artificial reefs or “fish attractors.”   Signage or buoys advising anglers and boaters of enhancement structures in the area may be used.  Structures in general shall not pose a hazard to navigation and will be designed and constructed to maintain adequate navigation clearance at normal low water elevations.  Any fisheries habitat enhancement activities will be coordinated with SCE&G.

Additional information on the Fish Habitat Enhancement Program can be found online at www.dnr.sc.gov/fish/ .  For questions regarding an existing fisheries habitat enhancement structure or the notification of a missing buoy/marker, please contact 803-661-4767.  



From: Lorianne Riggin
To: Alison Jakupca
Cc: Dick Christie; Bill Marshall; Greg Mixon; Bill Argentieri (bargentieri@Scana.com); BOOZER, THOMAS C; Henry

Mealing; Randy Mahan; Kelly Miller
Subject: RE: Habitat Enhancement Verbiage for Monticello SMP
Date: Monday, October 26, 2015 2:55:39 PM

Hey Alison,
I think that suits the intentions of SCDNR and SCE&G quite nicely. Kudos to the wordsmiths!
Thanks,
Lorianne

Lorianne Riggin
Office of Environmental Programs
South Carolina Department of Natural Resources
1000 Assembly Street, PO Box 167
Columbia, SC 29202
Cell 803-667-2488
www.dnr.sc.gov

From: Alison Jakupca [mailto:Alison.Jakupca@KleinschmidtGroup.com] 
Sent: Monday, October 26, 2015 2:52 PM
To: Lorianne Riggin 
Cc: Dick Christie ; Bill Marshall ; Greg Mixon ; Bill Argentieri (bargentieri@Scana.com) ; BOOZER,
THOMAS C ; Henry Mealing ; Randy Mahan ; Kelly Miller 
Subject: RE: Habitat Enhancement Verbiage for Monticello SMP
Hi Lorianne,
I hope that you are doing well. We revisited the Monticello fisheries habitat enhancement language
subsequent to the reservoir fluctuation/habitat enhancement meeting that was held on September

29th . We had a few tweaks for SCDNR’s consideration. Please let me know your thoughts and we
will get it incorporated into the SMP. Thanks and take care,
Alison
Alison Jakupca
Regulatory Coordinator

Kleinschmidt Associates
Office: 803.462.5628
www.Kleinschmidtusa.com

From: Lorianne Riggin [mailto:RigginL@dnr.sc.gov] 
Sent: Thursday, September 03, 2015 9:08 AM
To: Kelly Miller <Kelly.Miller@KleinschmidtGroup.com>; Alison Jakupca
<Alison.Jakupca@KleinschmidtGroup.com>
Cc: Dick Christie <ChristieD@dnr.sc.gov>; Bill Marshall <MarshallB@dnr.sc.gov>; Greg Mixon
<MixonG@dnr.sc.gov>
Subject: Habitat Enhancement Verbiage for Monticello SMP
Howdy All!
Attached is the verbiage we are suggesting for the Monticello SMP.
Please let me know if you have any questions or require more info.
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Thanks,
Lorianne

Lorianne Riggin
Office of Environmental Programs
South Carolina Department of Natural Resources
1000 Assembly Street, PO Box 167
Columbia, SC 29202
Cell 803-667-2488
www.dnr.sc.gov

http://www.dnr.sc.gov/aquaticed


From: Alex Pellett
To: Gerrit Jobsis; Kelly Kirven; Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall; Bill Stangler

(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov); Caleb
Gaston (caleb.gaston@scana.com); Chad Altman (altmankc@dhec.sc.gov); Dick Christie; Fritz Rohde
(Fritz.Rohde@noaa.gov); Greg Mixon; Hal Beard; Henry Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov);
Jordan Johnson; Karla Reece (Karla.Reece@noaa.gov); Lorianne Riggin; rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Robert Stroud; Ron Ahle; Sam Stokes Jr.;
Shane Boring; Steve Summer; STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)

Cc: Scott Harder
Subject: RE: Parr streamflow interactive plots
Date: Wednesday, January 27, 2016 3:48:58 PM

Thanks for the feedback,
I did not modify the data except as described in the footnote in my email below. My intent was to
clarify the information presented in figures 1-6 (in the top graph), and figures 7-12 (in the lower
graph).
If I understand correctly, the estimated flows have been lagged with a time delay, but they have not
been attenuated. The regional regression coefficients could possibly attenuate peaks and troughs
(better than straight area proration), but the regression coefficients couldn’t be used between the
Alston and Congaree gages. So perhaps the blue lines in the app (the red lines in Figures 1-12) are
flashier than they should be.
Figures 13-18 allow for comparison of upstream prorated flows to Congaree gage flows, and indeed
the prorated upstream flows tend to peak higher.
C. Alex Pellett
Hydrologist, South Carolina Department of Natural Resources
311 Natural Resources Drive
Clemson, SC 29631
Office: (864) 654 - 1671 ext 23
Fax: (864) 654 - 9168
Cell: (864) 722 - 3212

From: Gerrit Jobsis [mailto:gjobsis@americanrivers.org] 
Sent: Tuesday, January 26, 2016 4:16 PM
To: Alex Pellett ; Kelly Kirven ; Alison Jakupca ; ARGENTIERI, WILLIAM R ; Bill Marshall ; Bill Stangler
(CRK@congareeriverkeeper.org) ; BRESNAHAN, AMY ; Byron Hamstead (Byron_hamstead@fws.gov)
; Caleb Gaston (caleb.gaston@scana.com) ; Chad Altman (altmankc@dhec.sc.gov) ; Dick Christie ;
Fritz Rohde (Fritz.Rohde@noaa.gov) ; Greg Mixon ; Hal Beard ; Henry Mealing ; Jay Maher ; Jim
Glover (gloverjb@dhec.sc.gov) ; Jordan Johnson ; Karla Reece (Karla.Reece@noaa.gov) ; Lorianne
Riggin ; rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com) ; randy mahan
(rmahan@sc.rr.com) ; Robert Stroud ; Ron Ahle ; Sam Stokes Jr. ; Shane Boring ; Steve Summer ;
STUTTS, BRANDON G ; Tom McCoy (thomas_mccoy@fws.gov) 
Cc: Scott Harder 
Subject: RE: Parr streamflow interactive plots
Thanks Alex. This is a great way to look at the data. Just to make sure I am interpreting this correctly,
you didn’t do any routing to account for attenuation of flows from the upstream gages to the Parr
Reservoir headwaters. Assuming that’s right it means that shorter term inflow peaks (and probably
troughs too) are likely exaggerated from what would actually occur at the upstream project
boundary.
Gerrit
_____________________________________________
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Gerrit Jöbsis, American Rivers
Senior Director, Conservation Programs
215 Pickens Street
Columbia, SC 29205
(O) 803.771.7114 (C) 803.546.7926
Rivers connect us. Show your support for clean water and healthy rivers at www.AmericanRivers.org/Donate
Please consider the environment before printing this e-mail.

From: Alex Pellett [mailto:PellettC@dnr.sc.gov] 
Sent: Tuesday, January 26, 2016 3:53 PM
To: Kelly Kirven; Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall; Bill Stangler (CRK@congareeriverkeeper.org);
BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov); Caleb Gaston (caleb.gaston@scana.com); Chad
Altman (altmankc@dhec.sc.gov); Dick Christie; Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis; Greg Mixon; Hal
Beard; Henry Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Jordan Johnson; Karla Reece
(Karla.Reece@noaa.gov); Lorianne Riggin; rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com);
randy mahan (rmahan@sc.rr.com); Robert Stroud; Ron Ahle; Sam Stokes Jr.; Shane Boring; Steve Summer; STUTTS,
BRANDON G; Tom McCoy (thomas_mccoy@fws.gov)
Cc: Scott Harder
Subject: Parr streamflow interactive plots
Good afternoon,
First of all, thanks for the cordial welcome at the meeting last week. I really appreciate the efforts
members of the group made to introduce themselves and help me get oriented.
There was some interest among group members in getting a closer look at the inflow and outflow
datasets. Perhaps not everyone is eager to dig through spreadsheets, so I’ve prepared a few
supplementary graphs using the data which Kleinschmidt provided* (specifically, columns H & V of
“Inflow vs Outflow” and columns I & K of “Without Parr Influence”, from the Peaking Flows.xlsm file
distributed on CD).
The graphs can be accessed here: https://capellett.shinyapps.io/ParrDataViewer/
The first graph is inflow and outflow at the reservoir. The second graph is at the Congaree gage
downstream (estimated natural flow without Parr influence compared to gaged flow).
* With the following, minor, edits: 1) any hour missing data for the Congaree gage was removed
from the other datasets as well (73 hours). 2) The hour after the start of daylight savings time (2 am
in early March) each year was removed (6 hours). Why was this necessary? I blame the Windows
Operating System… I doubt this will effect interpretation of the graphs, just bringing it up for the sake
of completeness and clarity.
Cheers
C. Alex Pellett
Hydrologist, South Carolina Department of Natural Resources
311 Natural Resources Drive
Clemson, SC 29631
Office: (864) 654 - 1671 ext 23
Fax: (864) 654 - 9168
Cell: (864) 722 - 3212

From: Kelly Kirven [mailto:Kelly.Kirven@KleinschmidtGroup.com] 
Sent: Friday, January 22, 2016 2:46 PM
To: Alex Pellett <PellettC@dnr.sc.gov>; Alison Jakupca <Alison.Jakupca@KleinschmidtGroup.com>;
ARGENTIERI, WILLIAM R <BARGENTIERI@scana.com>; Bill Marshall <MarshallB@dnr.sc.gov>; Bill
Stangler (CRK@congareeriverkeeper.org) <CRK@congareeriverkeeper.org>; BRESNAHAN, AMY
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<Amy.Bresnahan@scana.com>; Byron Hamstead (Byron_hamstead@fws.gov)
<Byron_hamstead@fws.gov>; Caleb Gaston (caleb.gaston@scana.com) <caleb.gaston@scana.com>;
Chad Altman (altmankc@dhec.sc.gov) <altmankc@dhec.sc.gov>; Dick Christie
<ChristieD@dnr.sc.gov>; Fritz Rohde (Fritz.Rohde@noaa.gov) <Fritz.Rohde@noaa.gov>; Gerrit Jobsis
(gjobsis@americanrivers.org) <gjobsis@americanrivers.org>; Greg Mixon <MixonG@dnr.sc.gov>; Hal
Beard <BeardH@dnr.sc.gov>; Henry Mealing <Henry.Mealing@KleinschmidtGroup.com>; Jay Maher
<Jay.Maher@KleinschmidtGroup.com>; Jim Glover (gloverjb@dhec.sc.gov) <gloverjb@dhec.sc.gov>;
Jordan Johnson <Jordan.Johnson@KleinschmidtGroup.com>; Karla Reece (Karla.Reece@noaa.gov)
<Karla.Reece@noaa.gov>; Kelly Kirven <Kelly.Kirven@KleinschmidtGroup.com>; Lorianne Riggin
<RigginL@dnr.sc.gov>; rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com)
<randolph.mahan@scana.com>; randy mahan (rmahan@sc.rr.com) <rmahan@sc.rr.com>; Robert
Stroud <StroudR@dnr.sc.gov>; Ron Ahle <AhleR@dnr.sc.gov>; Sam Stokes Jr.
<SamStokesJr@dnr.sc.gov>; Shane Boring <Shane.Boring@KleinschmidtGroup.com>; Steve Summer
<ssummer@scana.com>; STUTTS, BRANDON G <BSTUTTS@scana.com>; Tom McCoy
(thomas_mccoy@fws.gov) <thomas_mccoy@fws.gov>
Subject: FW: Monticello/Parr Aerial Waterfowl Survey Summary 1-19-16
Attached is the correct waterfowl survey summary. Please disregard the previous attachment.
Thanks,
Kelly
Kelly Miller Kirven
Regulatory Coordinator

Office: 803.462.5633
Cell: 803.917.4528
www.KleinschmidtGroup.com

From: Kelly Kirven 
Sent: Friday, January 22, 2016 2:37 PM
To: Alex Pellett (PellettC@dnr.sc.gov) <PellettC@dnr.sc.gov>; Alison Jakupca
<Alison.Jakupca@KleinschmidtGroup.com>; ARGENTIERI, WILLIAM R <BARGENTIERI@scana.com>;
Bill Marshall (marshallb@dnr.sc.gov) <marshallb@dnr.sc.gov>; Bill Stangler
(CRK@congareeriverkeeper.org) <CRK@congareeriverkeeper.org>; BRESNAHAN, AMY
<Amy.Bresnahan@scana.com>; Byron Hamstead (Byron_hamstead@fws.gov)
<Byron_hamstead@fws.gov>; Caleb Gaston (caleb.gaston@scana.com) <caleb.gaston@scana.com>;
Chad Altman (altmankc@dhec.sc.gov) <altmankc@dhec.sc.gov>; Dick Christie (christied@dnr.sc.gov)
<christied@dnr.sc.gov>; Fritz Rohde (Fritz.Rohde@noaa.gov) <Fritz.Rohde@noaa.gov>; Gerrit Jobsis
(gjobsis@americanrivers.org) <gjobsis@americanrivers.org>; Greg Mixon (mixong@dnr.sc.gov)
<mixong@dnr.sc.gov>; Hal Beard (BeardH@dnr.sc.gov) <BeardH@dnr.sc.gov>; Henry Mealing
<Henry.Mealing@KleinschmidtGroup.com>; Jay Maher <Jay.Maher@KleinschmidtGroup.com>; Jim
Glover (gloverjb@dhec.sc.gov) <gloverjb@dhec.sc.gov>; Jordan Johnson
<Jordan.Johnson@KleinschmidtGroup.com>; Karla Reece (Karla.Reece@noaa.gov)
<Karla.Reece@noaa.gov>; Kelly Kirven <Kelly.Kirven@KleinschmidtGroup.com>; Lorianne Riggin
(RigginL@dnr.sc.gov) <RigginL@dnr.sc.gov>; rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com) <randolph.mahan@scana.com>; randy mahan (rmahan@sc.rr.com)
<rmahan@sc.rr.com>; Robert Stroud (StroudR@dnr.sc.gov) <StroudR@dnr.sc.gov>; Ron Ahle
<AhleR@dnr.sc.gov>; Sam Stokes (stokess@dnr.sc.gov) <stokess@dnr.sc.gov>; Shane Boring
<Shane.Boring@KleinschmidtGroup.com>; Steve Summer <ssummer@scana.com>; STUTTS,
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BRANDON G <BSTUTTS@scana.com>; Tom McCoy (thomas_mccoy@fws.gov)
<thomas_mccoy@fws.gov>
Subject: Monticello/Parr Aerial Waterfowl Survey Summary 1-19-16
Good afternoon,
Attached is a summary of the aerial waterfowl survey that was conducted at Monticello and Parr
reservoirs by the Savannah River Ecology Laboratory (SREL) on January 19, 2016. The next survey will
be conducted in early February, and a summary will be sent out soon after.
Thanks,
Kelly
Kelly Miller Kirven
Regulatory Coordinator

Office: 803.462.5633
www.KleinschmidtGroup.com
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From: Dick Christie
To: Kelly Kirven
Cc: Bill Marshall
Date: Tuesday, January 26, 2016 10:26:37 AM
Attachments: Draft American Eel Abundance Report 121715dcedits.docx

Hi Kelly - thanks for allowing us to review this draft report. The majority of our edits, attached, are
offered in an attempt to clarify the discussion.
Dick Christie
SCDNR
1771 Highway 521 bypass S.
Lancaster, SC 29720
(803)609-7014
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South Carolina Electric & Gas Company (SCE&G) is the Licensee of the Parr Hydroelectric Project (FERC No. 1894) (Project). The Project consists of the Parr Shoals Development and the Fairfield Pumped Storage Development. The developments are located along the Broad River in Fairfield and Newberry Counties, South Carolina.

The Project is currently involved in a relicensing process which involves cooperation and collaboration between SCE&G, as Licensee, and a variety of stakeholders including state and federal resource agencies, state and local government, non-governmental organizations (NGO), and interested individuals. SCE&G has established several Technical Working Committees (TWC's) with members from among the interested stakeholders with the objective of achieving consensus regarding the identification and proper treatment of relicensing issues in the context of a new license.

The Fisheries TWC requested that SCE&G perform American eel (Anguilla rostrata) collections during 2015 to document the relative abundance of this species in the Broad River directly downstream of the Parr Shoals Dam.

[bookmark: _Toc437414686]Relevant Life History Information

The American eel, Anguilla rostrata, is a catadromous species known to occur within river systems in South Carolina. The present distribution of American eels in South Carolina is primarily downstream of the fall line (Rhode et al. 2009). Mature American eels spawn in the ocean and the egg and pre-larval stages mature into the leptocephalus stage, where they drift with ocean currents for approximately a year before metamorphosing into the glass eel stage. Glass eels migrate across the continental shelf, eventually entering estuaries and tidal rivers, where they mature into elvers. Elvers migrate primarily at night and are able to overcome obstacles that often times prevent passage of other aquatic species. Vertical obstacles, such as a dams, can be traversed by small eels as long as the surface of the structure is textured and remains wet. As the small eels continue to mature into yellow eels, they may gradually move upstream over many years, with the greatest movement occurring during the moderate water temperatures of spring and fall (ASMFC 2000). Upstream migrations of small eels in the southeast appear to increase as water temperatures reach 15oC and continue until water temperatures reach approximately 22oC (USFWS 2014 and Haro 1991). 

Although the American eel currently does not have special status under state or federal regulations, it has been identified by the South Carolina Department of Natural Resources (SCDNR) as a priority species (SCDNR 2005). The federal status of this species is currently under review by the U.S. Fish and Wildlife Service (USFWS) and has been reviewed by the USFWS and National Marine Fisheries Service (NMFS) several times over the past decade.

[bookmark: _Toc437414687]Study Objective

The objective of this study was to document the relative abundance, size, and movement patterns of the American eel in the Broad River in the immediate area downstream of Parr Dam through the use of elver traps, an elver fyke net, and backpack electrofishing.

[bookmark: _Toc437414688]Methodology 

This study focused on collection of elvers in areas of the Broad River located immediately downstream of Parr Shoals Dam. Site selection for each collection method was based on attraction flows (dam leakage), safety for access and sampling, and input from the USFWS (USFWS 2014). Methodologies employed in this study were specified in the American Eel Abundance Study Plan (Appendix A).

Kleinschmidt personnel positioned two elver traps at the base of the dam in the west bank area and one trap on the east bank (directly downstream of the powerhouse). An elver fyke net was used to sample the flowing channel of water in the west channel of the Broad River. Kleinschmidt personnel also sampled the pools and channel areas on the west side of the river and directly downstream of the dam (with a focus on areas near each of the elver traps) with a backpack electrofisher (Figure 1).

Elver traps were constructed using the design of Haro (2006) (Appendix B). Traps consisted of wooden ramps lined with landscape fabric as climbing substrate (Enkamat), an attraction flow, and a covered 44 gallon collection bucket with a flow-through water supply. Our water source for the traps on the west bank was supplied by gravity flow of leakage through the Parr Shoals Dam spillway gates (Photo 1). A reservoir height of 260.75 feet or greater was required for sufficient leakage flow to fill the collection buckets and water the traps. One of the elver traps was fitted with double ramps that sampled in different directions to increase the chances of elvers finding and using the ramps (Photo 2) and one trap was fitted with a single ramp (Photo 3). Flow for the east bank trap was provided by an electric water pump. This trap was also fitted with double ramps that sampled in opposite directions to increase the chances of elvers using the ramps. 

Flow was delivered onto each of the ramps at a 45 degree angle over metal sheeting (Photo 4), so that any elvers that followed the flow up the ramp would then slide down the metal sheeting into the collection bucket. Hoses that provided attraction flow were secured at the bottom of the ramps using zip ties (Photo 5). Fine mesh screens were placed over the holes at the outlets of the collection buckets, to ensure that any elvers collected could not pass out of the traps.

Elver ramp traps were deployed and monitored from March 2, 2015 through June 12, 2015. Monitoring was also performed in the fall from October 9 to November 16, 2015. However, high flows during the month of October reduced the amount of time that the ramps effectively sampled during the fall sampling period. Traps were typically checked three times per week (Monday, Wednesday, and Friday), but only once or twice during high flow periods. Ramp flows and attraction flows were checked and repositioned as needed during each trap check event.

An elver fyke net was used to collect eels moving upstream through the west channel area (Photo 6). Kleinschmidt personnel identified an area of laminar flow and level bottom, with depths of approximately 2 to 3 feet that were ideal for use of a fyke net. The fyke net was initially placed in the main flow of the west channel. However, debris knocked the net over multiple times when it was set in this location, therefore the fyke net was moved to an area with moderate water velocity that was downstream and on the edge of the main west channel flow.

The fyke net was deployed and monitored from March 2, 2015 through June 12, 2015. Monitoring was also performed in the fall from October 9 to November 16, 2015. However, high flows during the month of October reduced the amount of time that the net was fished during the fall sampling period. The net was optimally checked three times a week (Monday, Wednesday, and Friday) and at least once or twice a week during high flow periods. 

Backpack electrofishing sampling was conducted on April 1, May 1, and May 13, 2015. One electrofishing effort was also conducted during the fall period on November 16, 2015. Each electrofishing effort was conducted for 600-800 seconds. One person operated the backpack shocker, and either one or two additional people assisted in netting fish during sampling. Backpack shocking was conducted in the pools and runs located in the west channel side of the dam, with a focus on areas close to the traps.
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[bookmark: _Toc438043074]Photo 1	Leakage flow and collection buckets used to provide water to west channel elver traps
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[bookmark: _Toc438043075]Photo 2	Double ramp elver trap used in west channel
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[bookmark: _Toc438043076]Photo 3	Single ramp elver trap used in west channel
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[bookmark: _Toc438043077]Photo 4	Nozzle setup for providing flows onto ramps





[image: ]

[bookmark: _Toc438043078]Photo 5	Examples of attraction flow at the base of ramps
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Elver Trap Sampling

Each of the three traps were in place for a total of 2,448 hours during the spring sampling event. The two west bank traps each sampled effectively (water flowing on ramp and attraction flow flowing at the base of the ramp) for a total of 1,499 hours. Downtime periods when the traps were not fishing were associated with low reservoir levels (< 260.75 ft.) that didn’t provide enough leakage flow to supply attraction flows to the ramps. Downtime periods were also associated with instances of flooding that completely submerged and/or damaged the traps, and instances where debris clogged up nozzles, blocking flow from reaching the ramps. The east bank trap fished effectively for a total of 1,900 hours during the spring sampling event (Table 1). Downtime was caused by flooding that completely submerged the trap, and by the electric water pump being damaged during the sampling periods. Within several days of being set in the fall, all three traps were flooded out. A single ramp trap was reset in the west channel on October 16, 2015. However this trap and the east bank trap spent the majority of October underwater due to high flows, and therefore did not spend much time sampling (Table 1). No eels were collected with the elver traps. 

Fyke Net Sampling

The fyke net fished effectively for a total of 2,304 hours during spring sampling (Table 1). Vandals pulled the net onto the bank on two occasions during the study. The fyke net caught approximately two hundred fish and approximately thirteen crayfish, including longnose gar, piedmont darter, redbreast sunfish, bluegill, young of year smallmouth bass, bullhead species, and shiner/minnow species. No eels were collected in the fyke net. The fyke net fished effectively for one week during the fall sampling period, catching minnow/shiner species and a piedmont darter (Table 1). No eels were collected with the fyke net.

Backpack electrofishing sampling

Fish collected during backpack electrofishing efforts include shorthead redhorse, gizzard shad, bluegill, redbreast sunfish, white crappie, smallmouth bass, and piedmont darter. One 250 mm American eel was collected on the May 1, 2015 electrofishing effort (Table 2). This fish was in the “yellow eel” lifestage, and was collected approximately 40 meters from the west channel double ramp trap. A visual inspection of the eel showed no elastomer tags. No elvers were collected during this study. The combined catch per unit of effort (CPUE) for all three springtime electrofishing efforts was 1.7 eels/hour. No eels were collected during the fall electrofishing effort. The total CPUE over all four electrofishing efforts was 1.3 eels/hour.

[bookmark: _Toc437414699]Table 1	Time that elver ramps and fyke net spent fishing in the Broad River

		

		TIME EFFECTIVELY SAMPLED (HOURS)



		 

		SPRING SAMPLING

		FALL SAMPLING



		Double Ramp Trap – West Bank

		1,499

		44



		Single Ramp Trap – West Bank

		1,499

		271



		Double Ramp Trap – East Bank

		1,900

		155



		Fyke Net- West Channel

		2,304

		170









[bookmark: _Toc437414700]Table 2 	Dates, sampling time, and number of eels collected during four backpack electrofishing events in the Broad River



		DATE

		SAMPLING TIME (SECONDS)

		

		NUMBER OF EELS COLLECTED



		4/1/2015

		800

		

		0



		5/1/2015

		608

		

		1



		5/13/2015

		710

		

		0



		11/16/2015

		600

		

		0








[bookmark: _Toc437414690]Discussion

A one-year study was conducted in 2015 to determine the relative abundance, size and movement patterns of American eel in the Broad River  immediately downstream from the Parr Dam. Despite using a variety of sampling methods , and sampling when Wwater temperatures ranged from 7-24 oC during the spring sampling period, . This suggests that the traps and the fyke net were set for the entire duration of the target temperature range (15-22 oC) identified by the USFWS for American eel upstream movement  only one American eel was collected.  The  results  of this study  single American eel collected during electrofishing and the lack of any elvers collected in the traps suggest that while American eels are present in the area downstream of Parr Shoals dam, they they do not appear to be are not abundant. 

The low numbers of eels collected could have resulted for several reasons, including low numbers of American eels in the vicinity of the project or inefficient samplingmethods. These are discussed further.

Low numbers of American eel This lack of abundance collected could be related to the actual abundance of eels near the Project. There are a number of downstream blockages that hinder eels from reaching Parr Shoals Dam (i.e. other dams). In 2012, a total of six eels were collected downstream of the Columbia Hydroelectric Project dam (located on the Broad River 23.5 miles downstream of Parr Shoals Dam) by eel ramps and electrofishing (SCDNR 2013). The 2012 backpack electrofishing CPUE at the Columbia dam was 2.35 eels/hour, which is comparable to the CPUE of 1.3 eels/hour experienced at Parr Shoals Dam in 20154.  According to Rhode et al. (2009), “American eel are widespread and common in the Coastal Plain and the Piedmont up to the first migration barrier”.   

Low numbers of American eels collected could also be a result of the difficulty of catching eels. Much of the sampling effort targeted elvers, and it is possible that in the time it takes for most eels to reach the Parr project, they have matured into yellow eels. The lack of observed American eels could also relate to the life history of the fish. Elvers mature into yellow eels over the course of approximately 14 months. Eels greater than 90 mm are likely to have transitioned from the elver lifestage into yellow eels (Machut 2006, as cited in Pitman and Schmidt 2012), and all thirteen eels collected downstream of the Columbia dam from 2010-2012 were greater than 100 mm. Many elvers that enter the ACE Basin could mature into yellow eels over the time spent reaching Parr Shoals Dam. Collecting yellow eels with fyke nets and by boat or backpack electrofishing can be challenging.   	Comment by Windows User: Do you mean life history of sampling methods? Are you suggesting that the elver traps were not successful because they targeted a life stage (elvers) that may not be present at Parr?  If that is the case, you are implying that other sampling methods (eel pots, boat electrofishing) may be needed to accurately sample yellow eels and you probably don’t want to go there. I think Ron has collected a few eels with boat electrofishing, which would also confirm low numbers of eels and should probably be mentioned here.   

According to SCDNR, American eel are rare in the piedmont of the State (http://www.dnr.sc.gov/fish/species/americaneel.html), and regardless of the reasons, results and conclusions of this study appear to be consistent with the current understanding of American eel distribution in South Carolina. 
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From: Alison Jakupca
To: Bob Perry; Bill Marshall; Dick Christie; Willie Simmons; Billy Dukes; brockH@dnr.sc.gov; Sam Stokes Jr.;

CoatesJ@dnr.sc.gov; BranhamW@dnr.sc.gov; arnolde@dnr.sc.gov
Cc: Tommy Boozer; COLLINS, SCOTT E; Henry Mealing; rammarell@scana.com; RANDOLPH MAHAN; Bill Argentieri

(bargentieri@Scana.com); Kelly Kirven; gene.delk@scana.com
Subject: Parr Hydroelectric Project December 8th Meeting Notes
Date: Thursday, January 28, 2016 3:53:58 PM
Attachments: final_120815_SCDNR meeting notes 1-28.doc

Good Afternoon All,
 
Yesterday, Bill Marshall provided me with a few clarifications to the meeting notes from our
December 8th Meeting.  I have attached revised meeting notes to this email.  These notes are in final
form, however if you have any additional edits or clarifications, please do not hesitate to provide
them to me.  I would like to get them finalized by next Thursday, February 4th if possible. 
 
In summary I have made the following changes to clarify the notes based on SCDNR’s comments:  
 

Deleted the second bullet under: Discussion Points – Monticello Reservoir which previously
stated: “SCDNR said that currently, Monticello Reservoir is not listed as a WMA.” 
Modified the third bullet under Discussion Points – Monticello Reservoir to read: “The water
and islands of Monticello Reservoir, up to the high water mark, are currently classified as
WMA.  This WMA allows for waterfowl hunting only, during appropriate seasons.  Hunters
will be allowed access to the shoreline to perform tasks such as retrieving downed birds.”

·         Modified the fourth bullet under Discussion Points – Monticello Reservoir to read: “The
group agreed that the Recreation Lake should be classified as an SCDNR Wildlife
Sanctuary.  This would allow SCDNR law enforcement to enforce the “no hunting”
designation. “

 
Thanks, and please let me know if you have any additional edits by next Thursday.  Take care,
Alison
 
Alison Jakupca
Regulatory Coordinator

Kleinschmidt Associates
Office: 803.462.5628
www.Kleinschmidtusa.com
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Purpose of Meeting

· Identify what lands and waters within the Project Boundary Line (PBL) are classified as Wildlife Management Areas (WMA) by SCDNR.  Discuss whether the current classifications need to be adjusted.


· Discuss with SCDNR inconsistencies between the current Parr Project Shoreline Management Plan (SMP) and the Memorandum of Agreement with SCDNR, specifically regarding hunting within the PBL.  Develop or work toward a new agreement with SCDNR that is consistent with the new SMP being developed as part of relicensing.


· Discuss the parcel of land currently classified under the existing SMP as “Future Recreation.” 


Discussion Points- Monticello Reservoir

· Bob Perry said that through this meeting, SCDNR would like to establish consistency within their agency, specifically regarding how lands and waters associated with the Parr Project are classified and enforced.  He said as a general rule, SCDNR likes to provide as many recreation opportunities as possible to their constituents.


· The water and islands of Monticello Reservoir, up to the high water mark, are currently classified as WMA.  This WMA allows for waterfowl hunting only, during appropriate seasons.  Hunters will be allowed access to the shoreline to perform tasks such as retrieving downed birds. 


· The group agreed that the Recreation Lake should be classified as an SCDNR Wildlife Sanctuary.  This would allow SCDNR law enforcement to enforce the “no hunting” designation.  

· Primitive camping will continue to be allowed year-round on the islands in Monticello Reservoir.


· SCE&G will coordinate with SCDNR to gather information on persons engaging in prohibited activities on Monticello Reservoir per the Shoreline Management Plan (i.e., jet-skiing, parasailing, etc.), so that SCE&G may issue a trespass violation to the offending party.

Discussion Points – Parr Reservoir


· Currently, a portion of Parr Reservoir is listed as a WMA.


· The group discussed lands and waters within the PBL on Heller’s and Cannon’s Creeks, west of the current WMA classification.  It was discussed to include these lands and waters in the Parr Reservoir WMA, with waterfowl, small game, and deer (archery only) hunting allowed, during appropriate seasons.


· SCDNR expressed their main cause for concern on Parr Reservoir was hunters who put their boats in at Heller’s and Cannon’s Creeks, camp on the non-WMA lands, but travel to the WMA lands and illegally hunt waterfowl on Sundays.


· SCDNR suggested including the lands located above Highway 34, up to the PBL near Henderson Island, in the Parr Reservoir WMA. It was discussed to include these lands in the Parr Reservoir WMA, with waterfowl, small game, and deer (archery only) hunting allowed, during appropriate seasons.


· SCE&G will coordinate with SCDNR to gather information on persons engaging in prohibited activities on Parr Reservoir per the Shoreline Management Plan (i.e., jet-skiing, parasailing, etc.), so that SCE&G may issue a trespass violation to the offending party.


· The group discussed the parcel of land on Parr Reservoir currently classified as Future Recreation.  SCE&G’s desire is to either remove this land from the PBL or reclassify it as Project Operations, since it is located close to the V.C. Summer Nuclear Plant, and is not a feasible location for recreation development due to safety reasons.  Due to safety reasons and lack of access, Bob Perry said that SCDNR would be sympathetic to the reclassification of the land as Project Operations.  He indicated this is SCDNR’s preferred option, rather than the removal of the land from the PBL.


· Bob Perry mentioned the need for SCDNR to research their rights regarding prohibiting hunting on Sundays.
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From: Dick Christie
To: Kelly Kirven
Cc: Bill Marshall; Bill Post; Ron Ahle; Chad Holbrook
Subject: FW: draft American Eel Abundance Report
Date: Monday, February 01, 2016 11:48:28 AM
Attachments: American eel data from 5 year Lower Broad River Study.xlsx

Hi Kelly - attached are Ron's data for American eel (yellow) collected in the Broad River. I think we
could conclude 1) that the abundance of yellow American eels at Parr appears to be pretty low
(CPUE = 3.5/h of electrofishing), but populations appear to be higher than the data presented in the
report would indicate; 2) boat electrofishing appeared to be more effective at capturing yellow eels
than either the elver trap, the the fyke net, or the backpack electrofisher. Let me know if you have
any questions.

mailto:ChristieD@dnr.sc.gov
mailto:Kelly.Kirven@KleinschmidtGroup.com
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Sheet1

		American eel data from 5 year Lower Broad River Study

		Sample ID		type		Date		Reach #		Habitat		Habitat notes		Latitude		Longitude		Frequency		Effort (sec)		species		n

		2A-F-10-SWD		boat		10/23/2009		2A		SHORELINE/WOODY DEBRIS		windy, rippled water		34 13' 22.87" N		81 16' 26.74" W		high		1200		AEL		2				21 american eels captured in Five years

		2B-SP-10-SWD		boat		4/26/10		2B		SHORELINE/WOODY DEBRIS				34 07' 55.08" N		81 08' 10.39" W		high		1200		AEL		1

		1-SP-10-GS		boat		5/12/10		1t		GRAVEL SHOALS		near dam, lots of blue catfish not counted		34 15' 34.53" N		81 19' 49.03" W		high		1200		AEL		2

		2A-SP-10-SWD		boat		5/13/10		2A		SHORELINE/WOODY DEBRIS				34 13' 36.78" N		81 16' 037.91" W		high		1200		AEL		1

		1-F-10-SWD		boat		11/2/10		1t		SHORELINE/WOODY DEBRIS		rising water		34 15' 35.16" N		81 20' 16.91" W		high		1200		AEL		1

		1-SP-11-GS		boat		4/21/11		1t		GRAVEL SHOALS		near dam, high water, BLC abundant		34 15' 35.56" N		81 19' 49.64" W		high		1200		AEL		1

		1-SP-11-SWD		boat		4/21/11		1t		SHORELINE/WOODY DEBRIS		high water, sample done at confluence w bypass		34 14' 37.2" N		81 19' 24.92" W		high		1200		AEL		1

		2B-SP-11-SCR		boat		5/6/11		2B		SIDE CHANNEL RIFFLE/RUN		woody debris		34 8' 26.6" N		81 8' 35.27" W		high		1200		AEL		1

		2A-SP-11-RS		boat		5/9/11		2A		ROCKY SHOALS				34 13" 42.79" N		81 16' 38.53" W		high		1200		AEL		1

		1-SP-12-GS		boat		4/3/12		1t		GRAVEL SHOALS		near dam, BCF not abundant		34 15' 31.7 ' N		81 19' 47.2" W		high		1200		AEL		3

		1-SP-12-RS		boat		4/3/12		1t		ROCKY SHOALS				34 14' 29.3" N		81 19' 7.1" W		high		1200		AEL		1

		1-SP-13-GS		boat		4/18/12		1t		GRAVEL SHOALS		near dam, BCF abundant		34 15' 31.7 ' N		81 19' 47.2" W		high		1200		AEL		1

		2A-SP-13-SWD		boat		4/23/13		2A		SHORELINE/WOODY DEBRIS				34 11' 49.1" N		81 12' 58.2" W		high		1200		AEL		1

		2a-F-13-SWD		boat		10/3/13		2a		SHORELINE/WOODY DEBRIS				34 13' 30" N		81 16' 27" W		high		1200		AEL		1

		2a-SP-14-SWD		boat		5/5/14		2a		SHORELINE/WOODY DEBRIS				34 14' 14"N		81 17' 39"W		high		1200		AEL		1

		1t-SP-14-GS		boat		5/6/14		1t		GRAVEL SHOALS		WATER TURBID		34 15' 35"N		81 19' 49"W		high		1200		AEL		2
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From: Bill Marshall
To: Kelly Kirven
Cc: Dick Christie; Byron Hamstead
Subject: RE: draft Monticello Mussel Report
Date: Friday, February 05, 2016 5:27:31 PM

Hi Kelly,
Here, below, I have some additional information that needs to be included in the Monticello mussel
report.
Three of the mussel species found in Monticello reservoir, the Carolina Creekshell, Carolina Lance,
and Eastern Creekshell, are described in the mussel report as having some status of conservation
concern. This is noted with references in report sections 6.6, 6.1 and 6.5 respectively. In addition to
what’s referenced in the mussel report, there is the 2015 South Carolina State Wildlife Action Plan
(SWAP), which also reports these as species of concern. The SWAP lists and ranks “species of
greatest conservation need” and these mussels rank as follows:
Carolina Creekshell – highest priority
Carolina Lance – moderate priority
Eastern Creekshell – moderate priority
Here are related links to the 2015 SWAP:
http://dnr.sc.gov/swap/index.html
http://dnr.sc.gov/swap/main/chapter2-priorityspecies.pdf
Let me know if you have questions.
Thanks,
Bill Marshall
SCDNR

From: Kelly Kirven [mailto:Kelly.Kirven@KleinschmidtGroup.com] 
Sent: Thursday, January 21, 2016 10:25 AM
To: Alison Jakupca ; ARGENTIERI, WILLIAM R ; Bill Marshall ; Bill Stangler
(CRK@congareeriverkeeper.org) ; BRESNAHAN, AMY ; Byron Hamstead (Byron_hamstead@fws.gov)
; Caleb Gaston (caleb.gaston@scana.com) ; Chad Altman (altmankc@dhec.sc.gov) ; David Eargle
(eargleda@dhec.sc.gov) ; Gerrit Jobsis (gjobsis@americanrivers.org) ; Greg Mixon ; Henry Mealing ;
Jay Maher ; Jim Glover (gloverjb@dhec.sc.gov) ; Karla Reece (Karla.Reece@noaa.gov) ; Kelly Kirven ;
Lorianne Riggin ; rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com) ; randy
mahan (rmahan@sc.rr.com) ; Sam Stokes Jr. ; Scott Castleberry (castlews@dhec.sc.gov) ; Shane
Boring ; Steve Summer ; STUTTS, BRANDON G ; Tom McCoy (thomas_mccoy@fws.gov) 
Subject: draft Monticello Mussel Report
All,
Attached for your review is the draft Monticello Mussel Report. Please provide any comments or

edits to this report by Friday, February 5th. We will discuss this report at the upcoming RTE TWC
meeting (date TBD).
Please note that the Word version is included for comment and the PDF version is included because
it has site photos in Appendix B.
Thanks,
Kelly
Kelly Miller Kirven
Regulatory Coordinator

mailto:MarshallB@dnr.sc.gov
mailto:Kelly.Kirven@KleinschmidtGroup.com
mailto:ChristieD@dnr.sc.gov
mailto:byron_hamstead@fws.gov


Office: 803.462.5633
Cell: 803.917.4528
www.KleinschmidtGroup.com

http://www.kleinschmidtusa.com/


From: Bill Marshall
To: Kelly Kirven
Subject: Parr Project RTE Species Desktop Assessment
Date: Thursday, March 17, 2016 4:07:47 PM
Attachments: Final Parr RTE Desktop Assessment 12-7-15 (Marshall edits).pdf

Hi Kelly,
In follow-up to our last meeting, I’ve added comments to the attached PDF suggesting edits on 4
pages. My suggested edits mainly address text where the reference to 2015 SWAP can replace the
2005 CWCS. I also thought it made sense to add the State Priority Levels to the table of bird species
in Section 4.5.
To find my comments, look for yellow comment clouds on the follow pages -- PDF pages 10, 36, 47,
and 67.
Let me know if you have questions.
Thanks,
Bill

mailto:MarshallB@dnr.sc.gov
mailto:Kelly.Kirven@KleinschmidtGroup.com
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PARR HYDROELECTRIC PROJECT 
FERC NO. 1894 


RARE, THREATENED AND ENDANGERED SPECIES DESKTOP ASSESSMENT 
SOUTH CAROLINA ELECTRIC & GAS COMPANY 


1.0 INTRODUCTION 


The Parr Hydroelectric Project (Project) (FERC No. 1894) is located along the Broad River in 


Newberry and Fairfield counties, South Carolina and is owned and operated by South Carolina 


Electric & Gas Company (SCE&G). The Project consists of two developments, including the 


Parr Shoals Development and the Fairfield Pumped Storage Development. The Project location 


is depicted in Figure 2-1. 


In preparation for relicensing, SCE&G consulted with local, state and Federal agencies and other 


interested stakeholders to identify potential impacts of Project operations on natural resources. A 


Rare, Threatened and Endangered Species Technical Working Committee (“RT&E TWC” or 


“TWC”) was formed and is comprised of representatives from the United States Fish and 


Wildlife Service (USFWS), National Marine Fisheries Service (NMFS), South Carolina 


Department of Natural Resources (SCDNR), South Carolina Department of Health and 


Environmental Control (SCDHEC), non-governmental organizations (NGOs), SCANA/SCE&G 


and other interested individuals. In addition to several field surveys for selected species, the 


TWC agreed upon a literature-based assessment to summarize the status of federally and state 


listed rare, threatened and endangered species (RT&E) occurring in the Parr Hydroelectric 


Project vicinity. As outlined in the RT&E Species Study Plan (Appendix A), the objective of this 


assessment was to identify those species potentially occurring in the Project vicinity, which 


includes habitats within the Project Boundary and in the downstream reach of the Broad River 


that is influenced by the Project (Richland County), based on review of occurrence data and 


habitat requirements. We also note that site-specific surveys are being conducted for American 


eel and Broad River spiny crayfish, and as such, only life history information is included for 


these species. 
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2.0 CONSULTATION HISTORY 


During initial consultation, the USFWS provided county-level listings of RT&E species 


occurring in the two county regions surrounding the Project (Fairfield and Newberry counties; 


Appendix B). At the May 16, 2013 RT&E TWC meeting, the TWC discussed several species 


that should be addressed during relicensing (meeting notes are in Appendix C). SCDNR 


requested that the TWC add eight species to this analysis that are not state or federally-listed, but 


are considered state conservation priority species (Table 4-3). Based on a review of the initial  


draft of this report, two additional mussel species that are not state or federally listed but are state 


conservation priority species (yellow lampmussel and Roanoke slabshell) were also added to this 


analysis (Table 4-3). The TWC agreed that SCE&G would conduct a literature-based review to 


determine habitat requirements for each of these species and compare those requirements with 


typical habitat types known to occur in the study area for this report. 


The RT&E TWC met again on October 22, 2013 to discuss the Rare, Threatened and 


Endangered Species Desktop Assessment Study Plan (study plan in Appendix A; meeting notes 


in Appendix C). At this meeting, the TWC agreed to extend the study area to include areas of the 


Broad River downstream of the Project Boundary. More specifically, they agreed that the study 


area would include habitats within the Project Boundary (Project Area) (Figure 2-1), as well as 


the reach of the Broad River from Parr Shoals Dam through Frost Shoals, near Boatwright Island 


(Figure 2-2). This area encompasses three counties in South Carolina: Newberry, Fairfield and 


Richland counties. 


In addition, the USFWS revised their initial species list and included several Federal At-Risk 


species and several species of “Birds of Conservation Concern” for the southeast region (email 


dated August 24, 2015). We reviewed this list and updated this analysis to include all of the 


species requested by the USFWS. 







 


 
DECEMBER 2015 - 3 -  


 


FIGURE 2-1 PARR HYDROELECTRIC PROJECT LOCATION MAP 
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FIGURE 2-2 DOWNSTREAM RT&E STUDY AREA 
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3.0 METHODOLOGY 


As an initial step, the USFWS county-level listings for Newberry, Fairfield and Richland 


counties were reviewed to identify species potentially occurring in the study area that are 


federally listed as threatened or endangered under the US Endangered Species Act of 1972 


(ESA), or are candidates for such listing. Additionally, at the request of USFWS, county-level 


listings for Newberry, Fairfield and Richland counties were reviewed to identify species 


potentially occurring in the study area that are considered at-risk species. USFWS also requested 


that a number of birds that are included on the 2008 Birds of Conservation Concern list be 


included for review. SCDNR county-level listings for the three counties were also reviewed to 


identify species that are state listed under the South Carolina Nongame and Endangered Species 


Conservation Act of 1974. Bald eagle, which was removed from the federal endangered species 


list in 2007, was included in the assessment because of its continued protection under the Bald 


and Golden Eagle Protection Act of 1938. As previously noted, ten species that are considered 


priority species in the SCDNR’s Comprehensive Wildlife Conservation Strategy (SCDNR 2006), 


and are documented as occurring in the three counties of interest, were also added to the analysis 


(Table 4-3). Known ranges, life history and habitat requirements for each of these species were 


then summarized and compared to conditions occurring in the study area to determine the 


potential for occurrence and to identify potential Project effects. 


 


  



MarshallB

Sticky Note

Change this reference to --SCDNR's State Wildlife Action Plan (SCDNR 2015)
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4.0 SPECIES DESCRIPTIONS AND ANALYSIS  


4.1 FEDERALLY LISTED SPECIES – THREATENED OR ENDANGERED 


Eleven species that are federally listed as threatened or endangered, or are candidates for such 


listing, are included on the USFWS county-level listings for the three counties of interest  


(Table 4-1). None of the federally listed species on Table 4-1 have critical habitat designated in 


the study area. Life history information and habitat requirements for these species, as well as 


their status within the study area and potential to be affected by continued operation of the 


Project, are summarized below. 


TABLE 4-1 FEDERALLY LISTED AND CANDIDATE SPECIES OCCURRING IN RICHLAND, 
FAIRFIELD, AND NEWBERRY COUNTIES, SOUTH CAROLINA 
(SOURCE: USFWS 2013A) 


 


COMMON NAME SCIENTIFIC NAME FEDERAL 
STATUS1    


STATE 
STATUS2 COUNTIES 


Birds 
Bald eagle Haliaeetus 


leucocephalus 
P T Newberry, Fairfield, 


Richland 
Red-cockaded 
woodpecker 


Picoides borealis E E Richland 


Wood stork Mycteria americana E E Newberry, Richland 
Fish 
Atlantic sturgeon Acipenser oxyrinchus 


oxyrinchus 
E E Richland 


Shortnose sturgeon Acipenser brevirostrum E E Richland 
Mammals 
Northern long-eared bat Myotis septentrionalis T   


Invertebrates 
Carolina heelsplitter Lasmigona decorata E  Newberry, Fairfield, 


Richland 
Plants 
Canby's dropwort Oxypolis canbyi E  Richland 
Georgia aster Symphyotrichum 


georgianus 
C  Fairfield, Richland 


Rough-leaved loosestrife Lysimachia 
asperulaefolia 


E  Richland 


Smooth coneflower Echinacea laevigata E   Richland 
 
1  Federal Status – E (listed as Endangered under ESA); T (listed as Threatened under ESA); C (Candidate for 


Federal listing); SC (Federal Species of Concern); P (Federally protected). 
2 State Status – E (state listed as endangered); T (state listed as threatened) 







 


 
DECEMBER 2015 - 7 -  


4.1.1 BALD EAGLE 


The bald eagle was removed from the federal list of threatened species in 2007 (USFWS 2007a) 


but remains protected as a state endangered species under the South Carolina Nongame and 


Endangered Species Conservation Act, and federally under the Bald and Golden Eagle 


Protection Act and Migratory Bird Treaty Act (16 U.S.C.668-668d) (72 FR 37345-37372). Bald 


eagles are found throughout North America, typically around water bodies, where they feed 


primarily on fish and carrion. Studies suggest that reservoirs, especially those associated with 


hydroelectric facilities, are particularly attractive to foraging bald eagles (Brown 1996). Eagles 


nest in large trees near water and typically repair and use the same nest for several years, 


(Degraaf and Rudis 1986). In South Carolina, the distribution of eagle nesting has expanded 


from the coast to encompass more inland areas. This expansion has been attributed to the 


construction of approximately 491,000 acres of large reservoirs in the state since the early 1900s 


(Wilde et al. 2003). In South Carolina, the number of estimated nesting pairs has increased from 


13 in 1977 to 181 in 2003 (Wilde et al. 2003). 


Status in the Study Area 


Bald eagles are commonly observed in the study area (SCE&G 2010), with Monticello and Parr 


reservoirs, as well as the lower Broad River, providing abundant foraging habitat. In addition, 


nine bald eagle nests are known to occur in the study area and the surrounding vicinity (SCE&G 


unpublished data) (Figure 4-1). 
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FIGURE 4-1  EAGLE NEST LOCATIONS IN THE VICINITY OF THE PARR PROJECT  
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Determination of Effect 


Continued operation of the Project is not likely to result in negative effects on eagle foraging or 


nesting. SCE&G tracks bald eagle nesting in the Project Area and utilizes this information to 


minimize potential impacts of various shoreline management activities on eagle nests. 


Specifically, SCE&G refrains from issuing shoreline permits for activities within 660 ft of an 


active nest during the nesting season (September through May) and 330 ft during the non-nesting 


season. This policy is in adherence to the USFWS habitat guidelines for nesting bald eagles 


(USFWS 2007b). SCE&G also frequently consults with USFWS Ecological Services staff 


regarding proposed activities in the vicinity of known nests. 


4.1.2 RED-COCKADED WOODPECKER 


The red-cockaded woodpecker (RCW) is endemic to open, mature, and old growth pine 


ecosystems in the southeastern United States (USFWS 2003). Over 97% of the pre-colonial era 


RCW population has been eradicated, leaving only roughly 14,000 RCWs living in about 5,600 


colonies scattered across eleven states, including South Carolina. RCW decline is generally 


attributed to a loss of suitable nesting and foraging habitats, including longleaf pine systems, due 


to logging, agriculture, fire suppression, and other factors (USFWS 2003). Suitable nesting 


habitat generally consists of open pine forests and savannahs with large, older pines and minimal 


hardwood midstory or overstory. Living trees, especially older trees that are susceptible to red-


heart disease making them more easily excavated, provide the RCWs preferred nesting cavities. 


Suitable foraging habitat consists of open-canopy, mature pine forests with low densities of small 


pines, little midstory vegetation, limited hardwood overstory, and abundant bunchgrass and forb 


groundcover (USFWS 2003). 


Status in the Study Area 


There are no known reports of RCWs in areas surrounding the Project or along the lower Broad 


River. Further, there is no known longleaf pine savanna habitat in the study area. 
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Determination of Effect 


Based on the lack of suitable habitat, it is very unlikely that this species occurs in the study area 


and thus would not be affected by continued operation of the Project. 


4.1.3 WOOD STORK 


The wood stork is a large, colonial wading bird and is the only stork species that breeds in the 


United States (USFWS 1996). It was federally listed as endangered in 1984, primarily due to loss 


of wetland habitat throughout its range, but recently its status has been proposed for downlisting 


from endangered to threatened due to significant population recovery (USFWS 2012b). It uses a 


variety of wetlands for nesting, feeding, and roosting. Nesting colonies (rookeries) in South 


Carolina are typically surrounded by extensive palustrine forested wetlands. Nests are usually 


located in the upper branches of large black gum or cypress trees, and several nests are typically 


located in each tree. Like most wading birds, storks feed primarily on small fish. Shallow, open 


water is required for successful foraging, and depressions where fish become concentrated 


during periods of falling water levels are particularly attractive sites. Currently, nesting of the 


species in the United States is thought to be limited to the coastal plain of South Carolina, North 


Carolina, Georgia, and Florida (Murphy and Hand 2013), which is consistent with recent survey 


work that found no nesting on the adjacent Saluda Hydroelectric Project (Kleinschmidt 2005). 


Status in the Study Area 


Periodic foraging of wood storks has been documented in the adjacent Saluda River Basin 


(Kleinschmidt 2005). Shallow backwaters in the study area, particularly in the upper reaches of 


the Parr Reservoir, may provide foraging habitat for transient wood storks. Although habitat is 


present, wood stork use of these areas has not been documented. 


Determination of Effect 


Project operations are expected to result in no effects on wood storks or their habitat. In fact, 


fluctuating water levels in Parr Reservoir could enhance foraging habitat by periodically trapping 


fish in shallow pool areas. 
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4.1.4 ATLANTIC STURGEON 


The Atlantic sturgeon is a large (up to 5.5m in length), long-lived (up to 60 years) anadromous 


species that was historically present in the Santee Basin at least as far inland as the fall line 


(Newcomb and Fuller 2001). The Carolina Distinct Population Segment of Atlantic sturgeon, 


which includes the Santee Basin population, is federally listed as endangered (77 FR 5914), 


primarily due to overharvesting for flesh and eggs (caviar) during the early to mid-20th Century, 


as well as habitat degradation and blockage of access to historical spawning grounds 


(NMFS1998a). 


The Atlantic sturgeon is considered estuarine anadromous, spending most of it life in estuarine 


and ocean environments and undertaking spawning migrations into riverine systems during late-


winter and spring months (NMFS 1998a; Marcy et al. 2005). Spawning typically occurs over 


hard bottoms of clay, rubble, or gravel, with flowing water and temperatures of 14 - 24°C. After 


spawning, females typically return to estuarine environments within 4 to 6 weeks, while males 


may remain in the river through the fall. Juveniles of this species remain in the natal rivers for 


three to five years before migrating to the ocean (Marcy et al. 2005). 


Status in the Study Area 


Atlantic sturgeon were historically present at least as far inland as the fall line (Newcomb and 


Fuller 2001). Current upstream distribution in the Santee Basin is thought to be limited by the 


lack of passage for Atlantic sturgeon at the Santee Cooper Dams1. This information indicates that 


this species does not occur in the Project study area. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. 


                                                 
1 Bill Post (SCDNR), personal communication, April 24, 2014. 
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4.1.5 SHORTNOSE STURGEON 


The shortnose sturgeon is federally listed as endangered and is thought to have occurred 


historically in the reach of the Broad River encompassed by the Project (Welch 2000, Newcomb 


and Fuller 2001). Shortnose sturgeon are amphidromous (semi-anadromous) spending portions 


of their life cycle in low salinity estuaries and portions in freshwater rivers (NMFS 1998b; 


Kynard 1997; Buckley and Kynard 1985). Shortnose sturgeon begin migrating to spawning areas 


of inland riverine reaches in the spring (typically mid-February through March in South 


Carolina) when water temperatures rise above 9 °C (Kynard 1997, Hall et al. 1991). Shortnose 


sturgeon spawning has been documented in the Congaree River near the City of Columbia over 


substrates of sand, gravel and rock, at temperatures ranging from 9.7-15.6°C, and dissolved 


oxygen concentrations of 10.6-12.5 mg/L (Collins et al. 2003). 


Status in the Study Area 


Population groups of shortnose sturgeon are known from downstream of the Santee-Cooper 


dams in the lower Santee and Cooper rivers (Collins et al. 2003). An additional dam-locked 


spawning population of shortnose sturgeon has been documented in the Santee-Cooper lakes 


(with Lake Marion and its tributaries harboring the most significant number of fish) and 


upstream in the Congaree River. Radio-telemetry studies have documented migration of 


shortnose sturgeon as far upstream on the Congaree as the Blossom Street Bridge adjacent to the 


City of Columbia (Finney et al. 2006). However, consultation with SCDNR Diadromous Fish 


Program staff suggests that this occurrence was based on a small number of observations (2 fish) 


and that their radiotelemetry data suggest that shortnose sturgeon activity is primarily limited to 


areas downstream of Granby Lock and Dam2. Granby Lock and Dam is located approximately 


one mile downstream of the Blossom Street Bridge and approximately five miles downstream of 


the Columbia Hydroelectric Project Fishway (fishway). The fishway was designed to provide 


passage of blueback herring and American shad to historic spawning grounds in the Broad River 


downstream of Parr Shoals Dam and was intended to be “sturgeon friendly”. Shortnose sturgeon 


have not been documented upstream of the Blossom Street Bridge in recent history, nor have any 


been documented passing into the study area through the fishway since annual monitoring began 


in 2007. In August of 2015, the Water Quality, Fish, and Wildlife Resource Conservation Group 


                                                 
2 Bill Post (SCDNR), personal communication, April 24, 2014. 
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(RCG) identified that peaking flows from the Project could impact spawning habitat for 


shortnose sturgeon downstream in the Congaree River. SCE&G is examining this issue and will 


include those results in the Determination of Effect for this species prior to filing the Final 


License Application. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species within the 


study area due to a likely lack of occurrence. It should be noted, however, that SCE&G is 


currently performing a study to determine if peaking flows from the Project influence a 


documented shortnose sturgeon spawning area downstream of the study area in the Congaree 


River. As previously noted, this Determination of Effect will be updated prior to issuance of the 


Final License Application, pending results of the aforementioned study. 


4.1.6 NORTHERN LONG-EARED BAT  


The northern long-eared bat is a species federally listed as threatened (USFWS 2015b). The full 


range of this species spans much of the eastern and north central United States as well as the 


majority of Canada. The main cause of their population decline is disease; specifically white-


nose syndrome (USFWS 2015b). White-nose syndrome has spread rapidly since its first 


occurrence throughout the northeastern and midwestern United States. 


Northern long-eared bats exhibit “delayed fertilization,” in which the female stores the male’s 


sperm after mating through the hibernation period (USFWS 2015b). In spring, after hibernation 


has ended, the stored sperm fertilizes a female’s egg. The females migrate south and roost in 


small communities of 30 to 60 bats (USFWS 2015b). The northern long-eared bat gives birth to 


one pup that is able to fly 18 to 21 days after birth. This bat hibernates in the winter in humid 


caves with a constant air temperature and spends summers roosting in trees and snags (USFWS 


2015b). Males and non-reproductive females may roost in cooler areas such as caves. 
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Status in the Study Area 


As of April 2015, the USFWS lists the following South Carolina counties within the range of the 


Northern long-eared bat: Laurens, Anderson, Pickens, Greenville, Spartanburg, Oconee, 


Abbeville, Cherokee, Union, and York (USFWS 2015b). Currently, the species is not known to 


occur within the study area, although there is the possibility it could migrate further down in the 


state. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. If northern long-nose bat does occur, but has not been 


documented, its presence would likely be limited to the hibernation period. There are no known 


hibernation caves located within the Project Boundary and SCE&G does not plan to alter the 


shoreline classifications to accommodate extensive development. 


4.1.7 CAROLINA HEELSPLITTER 


The Carolina heelsplitter is the only South Carolina freshwater mussel currently listed as 


federally endangered (Price 2006). Although it was once found in large rivers and streams, the 


Carolina heelsplitter is now restricted to cool, clean, shallow, heavily shaded streams of 


moderate gradient. Stable streambanks and channels, with pool, riffle and run sequences, little or 


no fine sediment, and periodic natural flooding, appear to be required for the Carolina 


heelsplitter. 


Status in the Study Area 


Carolina heelsplitter is known to occur in isolated populations distributed in the Savannah, Pee 


Dee, and Catawba drainages and is not known to occur in the Broad River Basin (Price 2006) or 


within the study area. 
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Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. 


4.1.8 CANBY’S DROPWORT 


Canby’s dropwort is a perennial plant that grows in coastal plain habitats including wet 


meadows, wet pineland savannas, ditches, sloughs, and around the edges of cypress-pine ponds 


(USFWS 2010). The healthiest populations seem to occur in open bays or ponds, which are wet 


most of the year and have little or no canopy cover. Ideal soils for Canby's dropwort have a 


medium to high organic content and a high water table. They are also acidic, deep, and poorly 


drained. 


Status in the Study Area 


Canby’s dropwort is a coastal plain species and thus would not be expected to occur in the 


portion of Richland County occupied by the study area. This assumption is consistent with result 


of surveys by Nelson (2006, 2007), which failed to document the species on the adjacent V.C. 


Summer Nuclear Station site. 


Determination of Effect 


Because Canby’s dropwort is not expected to occur in the study area, continued operation of the 


Project would likely result in no effect on the species. 


4.1.9 GEORGIA ASTER 


Georgia aster is classified as a candidate for federal listing as threatened or endangered by the 


USFWS (2013b). Habitat for this species consists of dry, rocky woodlands, woodland borders, 


roadbanks, and powerline rights-of-way (Weakley 2012). It is thought to be a relict species of the 


post oak-savanna communities that existed in the southeast prior to fire suppression. 
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Status in the Study Area 


Although no site-specific occurrence data are available for the study area, Nelson (2006, 2007) 


found no Georgia aster on the adjacent V.C. Summer Nuclear Station but concluded that suitable 


habitat exists on the site. Georgia aster is also known from several locations on the nearby 


Sumter National Forest (USDA 2010). 


Determination of Effect 


Habitat for Georgia aster may exist within the Project study area; however, potential occurrences 


would be limited to terrestrial sites, which should not be affected by continued operation of the 


Project. 


4.1.10 ROUGH-LEAF LOOSESTRIFE 


Rough-leaf loosestrife generally occurs in the ecotones or edges between longleaf pine uplands 


and pond pine pocosins (areas of dense shrub and vine growth usually on a wet, peaty, poorly 


drained soil), on moist to seasonally saturated sands, and on shallow organic soils overlaying 


sand (NatureServe 2013). Rough-leaf loosestrife has also been found on deep peat in the low 


shrub community of large Carolina bays (shallow, elliptical, poorly drained depressions of 


unknown origin). The grass-shrub ecotone, where rough-leaf loosestrife is found, is fire-


maintained, as are the adjacent plant communities (longleaf pine-scrub oak, savanna, flatwoods, 


and pocosin). Suppression of naturally occurring fire in these ecotones, results in shrubs 


increasing in density and height and expanding to eliminate the open edges required by this 


plant. 


Status in the Study Area 


The pine pocosin and Carolina bay environments required by this species do not occur in the 


Piedmont; therefore, rough-leaf loosestrife is extremely unlikely to occur in the study area. 
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Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. 


4.1.11 SMOOTH CONEFLOWER 


Smooth coneflower is typically found in open woods, cedar barrens, roadsides, clearcuts, dry 


limestone bluffs, and power line rights-of-way, usually on magnesium and calcium rich soils 


associated with amphibolite, dolomite or limestone (in Virginia), gabbro (in North Carolina and 


Virginia), diabase (in North Carolina and South Carolina), and marble (in South Carolina and 


Georgia) (USFWS 2012a). Smooth coneflower occurs in plant communities that have been 


described as xeric hardpan forests, diabase glades, or dolomite woodlands. Optimal sites are 


characterized by abundant sunlight and little competition in the herbaceous layer. Natural fires, 


as well as large herbivores, historically influenced the vegetation in this species' range. Many of 


the herbs associated with smooth coneflower are also sun-loving species that depend on periodic 


disturbances to reduce the shade and competition of woody plants. 


Status in the Study Area 


The diabase glade habitat required by this species is not known to occur in areas around 


Monticello and Parr reservoirs or along the lower Broad River. Although no site-specific surveys 


have been performed, surveys by Nelson (2006, 2007) failed to document smooth coneflower on 


the adjacent V. C. Summer Nuclear Station Project area and concluded that appropriate habitat 


for the species does not occur on the site. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. 
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4.2 FEDERALLY LISTED SPECIES – AT-RISK SPECIES 


The USFWS lists an additional fifteen species as At-Risk Species for the three counties of 


interest (Table 4-2). Only life history information is included in this section for Broad River 


spiny crayfish and the American eel, since site-specific surveys are being performed. 


Rafinesque’s big-eared bat is not discussed in this section, as it is also a South Carolina state-


listed species, and is discussed under section 4.3. Robust redhorse is a state conservation priority 


species, and is discussed under section 4.4. Life history information and habitat requirements for 


the eleven remaining species, as well as their status within the study area and potential to be 


affected by continued operation of the Project, are summarized below. 


TABLE 4-2 FEDERALLY LISTED AT-RISK SPECIES OCCURRING IN RICHLAND, FAIRFIELD, 
AND NEWBERRY COUNTIES, SOUTH CAROLINA 


COMMON NAME SCIENTIFIC NAME COUNTIES 
Amphibians 
Chamberlain’s dwarf 
salamander 


Eurycea chamberlaini Richland 


Crustaceans 
Broad River spiny crayfish Cambarus spicatus Fairfield, Richland 
Fish 
American eel Anguilla rostrata Newberry, Fairfield, Richland 
Blueback herring Alosa aestivalis Newberry, Fairfield, Richland 
Robust redhorse Moxostoma robustum Richland 
Mammals 
Rafinesque’s big-eared bat Corynorthinus rafinesquii Richland 
Tri-colored bat Perimyotis subflavus Newberry, Fairfield, Richland 
Mollusks 
Savannah lilliput Toxolasma pullus Newberry, Richland 
Plants 
Bog spicebush Lindera subcoriacea Richland 
Ciliate-leaf tickseed Coreopsis integrifolia Richland 
Purple balduina Balduina atropurpurea Richland 
Sandhills lily Lilium pyrophilum Richland 
Spathulate seedbox Ludwigia spathulata Richland 
Wire-leaved dropseed Sporobolus teretifolius Richland 
Reptiles 
Southern hognose snake Heterdon simus Richland 
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4.2.1 CHAMBERLAIN’S DWARF SALAMANDER 


Chamberlain’s dwarf salamander is a distinct species similar to the more common dwarf 


salamander. Chamberlain’s dwarf salamander varies from the more common species by being 


lighter in color, with a yellow underside that is void of markings. This species is very small, 


averaging approximately 2.5 cm in total length (SCDNR 2015). 


Chamberlain’s dwarf salamander deposits eggs in aquatic habitats and has aquatic larvae that 


inhabit wetlands until metamorphosis. It is usually found in wet areas, such as seepages near 


small streams and wetlands, under leaf litter and small debris (SCDNR 2015). 


Status in the Study Area 


Although Chamberlain’s dwarf salamander is known to exist in Barnwell, Allendale and Pickens 


counties in South Carolina, little data exists on the population status of the species (SCDNR 


2015). The full range of the species is not completely known. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area and because no significant changes are proposed for Project 


operations. Wetland and stream areas will not negatively change under continued Project 


operations. 


4.2.2 BROAD RIVER SPINY CRAYFISH 


The Broad River spiny crayfish distribution is thought to be limited to lotic environments in the 


Broad River drainage (Eversole 1990). Although collections are limited, Broad River spiny 


crayfish have been found in association with leaf litter and other organic debris located along 


stream banks, primarily over unstable sandy substrates that lack rooted aquatic vegetation. In the 


Project Vicinity, this species has been collected in the Little River, a tributary to the Broad River, 


in Fairfield County (Eversole 1990). 
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4.2.3 AMERICAN EEL 


The American eel, Anguilla rostrata, is a catadromous species known to occur within river 


systems in South Carolina. Mature American eels spawn in the ocean and the egg and pre-larval 


stages mature into the leptocephalus stage, where they drift with ocean currents for 


approximately a year before metamorphosing into the glass eel stage. Glass eels migrate across 


the continental shelf, eventually entering estuaries and tidal rivers, where they mature into elvers. 


Elvers migrate primarily at night and are able to overcome obstacles that often times prevent 


passage of other aquatic species. Vertical obstacles, such as a dam, can be traversed by small eels 


as long as the surface of the structure is textured and remains wet. As the small eels continue to 


mature into yellow eels, they may gradually move upstream over many years, with the greatest 


movement occurring during the moderate water temperatures of spring and fall (ASMFC 2000). 


Although the American eel currently does not have special status under state or federal 


regulations, it has been identified by the South Carolina Department of Natural Resources 


(SCDNR) as a priority species (SCDNR 2005). The federal status of this species has been further 


reviewed by the U.S. Fish and Wildlife Service and National Marine Fisheries Service several 


times over the past decade and the species is considered “at risk”. American eel are also listed as 


a target species in the Columbia Fishway Prescription. Currently, an area potentially conductive 


to eel passage exists along the west corner of the Columbia Dam. 


4.2.4 BLUEBACK HERRING 


The blueback herring is a diadromous fish that ranges along the Atlantic Coast from Nova Scotia 


to Florida. It can be found in the Atlantic Ocean as well as coastal rivers and streams (SCDNR 


2013). As a diadromous fish, the blueback herring spends its adult life at sea and migrates up 


freshwater rivers and streams to spawn. Spawning area spans the tidal zone to as far upstream as 


100 miles (SCDNR 2013). 


During spawning the female releases as many as 250,000 eggs in shoreline areas of hard 


substrate (SCDNR 2013). The eggs are then fertilized by the male. After the spawning season of 


April and May, adult blueback herring return to the ocean. Freshly hatched blueback herring 


remain in the rivers for several months before moving to sea (SCDNR 2013). 
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Status in the Study Area 


Blueback herring are known to occur in watersheds throughout South Carolina, including the 


Santee River Basin, where the Project is located. Currently, blueback herring do not occur in the 


Project Vicinity, however the construction of the Columbia Hydroelectric Project Fishway, 


completed in 2006, allows for the possibility of this species to occur in the Project Vicinity 


within the term of the new license. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. If blueback herring begin to use the Columbia Fishway to 


move upstream during the new Project license, SCE&G and USFWS will likely consult to 


determine potential impacts to the species. 


4.2.5 TRI-COLORED BAT 


The tri-colored bat is very small and exhibits delayed fertilization. In the spring, the female 


fertilizes an egg with stored sperm and gives birth in the fall to twins (NatureServe 2015l). The 


pups are able to fly within a month and remain with the mother for another week for foraging. 


Once young tri-colored bats learn how to forage for insects they leave their mothers and are 


independent (NatureServe 2015l). 


This bat ranges throughout most of the eastern United States, southeastern Canada, and into 


eastern Mexico and Central America (NatureServe 2015l). Most tri-colored bats roost in trees 


during the summer and hibernate in cave, mines, and rock crevices during the winter 


(NatureServe 2015l). 


Status in the Study Area 


The tri-colored bat is considered common in South Carolina, and is found statewide (SCDNR 


2015). 
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Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area and because SCE&G does not plan to significantly change 


the Project shoreline uses. There are no known hibernation caves located within the Study Area 


and SCE&G does not plan to alter the shoreline classifications to accommodate extensive 


development. 


4.2.6 SAVANNAH LILLIPUT 


The Savannah lilliput, a freshwater mussel, is a long-term brooder, brooding in August with 


hybrid bluegill suitable as fish hosts (NatureServe 2015o). The Savannah lilliput tends to inhabit 


shallow water, usually at the edges of very shallow streams, rivers and lakes, and backwaters. 


This mussel is rarely found in deeper lake waters and tends to be found in mud or silty sand 


(NatureServe 2015o). It will move up and down as water levels fluctuate. 


Historical records show the species living in the Ocmulgee and Altamaha Rivers in Georgia, 


Savannah River in South Carolina, Catawba River and Beaver Creek in North Carolina, Wateree 


River in South Carolina, University Lake (Cape Fear River system) in North Carolina, and Neuse 


River in North Carolina (NatureServe 2015o). Savannah lilliput is known to occur in Allendale, 


Calhoun, Clarendon, Orangeburg, and Saluda counties, South Carolina (NatureServe 2015o). 


Status in the Study Area 


Savannah lilliput has been found in the Saluda River Basin, in Lake Greenwood and in Cloud’s 


Creek, and in the Savannah River. It has also been documented in the lower Congaree River, the 


upper Santee River, and upper Lake Marion (SCDNR 2015). The species has not been 


documented as occurring in the Broad River, or in Parr and Monticello reservoirs. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. 
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4.2.7 BOG SPICEBUSH 


The bog spicebush is a recently described multi-stemmed deciduous shrub that can grow up to 4 


meters tall (USFS 2015). Tiny yellow-green flowers are produced in clusters of three to four 


during mid-March and small bright red fruits mature during late summer. Plants are often clonal 


and spread by suckering (USFS 2015). 


Bog spicebush occurs throughout the southeast Coastal Plain, from southeastern Virginia through 


the sandhills of the Carolinas; to Georgia, the Florida Panhandle, and south Alabama; and in 


south Mississippi and southeastern Louisiana (NatureServe 2015j). The plant inhabits 


permanently moist to wet, shrub-dominated seepage wetlands, open, quaking bogs in pinelands, 


shrub thickets of seepages, typically near the heads of streams and along the banks of small 


braided streams. It is usually not found outside of the wettest portions of rare sphagnous bog 


habitats, on very acidic soils that are high in organic matter and permanently saturated 


(NatureServe 2015j). 


Status in the Study Area 


Bog spicebush has been documented in Aiken, Barnwell, Lexington, and Richland counties, 


although it may currently be extirpated in Richland County (NatureServe 2015j). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area and because SCE&G does not plan to significantly change 


Project operations or the Project shoreline uses. Currently wetland areas would stay in their 


current condition and any individuals would continue to exist there. 


4.2.8 CILIATE-LEAF TICKSEED 


The ciliate-leaf tickseed is a perennial herb with bright yellow ray flowers surrounding a purple-


red disk (NatureServe 2015e). Blooming typically occurs from August through November, but 


occasionally occurs as early as July. Habitat for ciliate-leaf tickseed is generally described as 


forested wetlands (NatureServe 2015e). This species can be found along streambanks and 
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floodplains of blackwater streams; edges of swamp forests bordering longleaf pinelands or 


bordering brackish marshes; moist sand banks and low flat floodplains of rivers and creeks; low, 


heavily wooded bluffs above rivers; wooded edge of parking area for boat ramp and edge of 


creek, surrounded by floodplain forest; in wet loam of shaded, roadside depressions; in moist, 


semi-shaded sandy loam along edge of mesic woods; and along forestry road adjacent to 


bottomland (NatureServe 2015e). Ciliate-leaf tickseed occurs from southeastern South Carolina 


south to the Panhandle of Florida. 


Status in the Study Area 


Historically, ciliate-leaf tickseed has been reported in only three counties in southeastern South 


Carolina, including Berkeley, Charleston and Horry counties (NatureServe 2015e). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of habitat in the study area for this species. SCE&G does not plan to significantly change 


Project operations or the Project shoreline uses, so any current wetland areas would remain in 


their current condition and provide marginal habitat for this species. 


4.2.9 PURPLE BALDUINA 


Purple balduina is an autumn-blooming perennial herb with yellow ray flowers surrounding a 


dark purple disk (NatureServe 2015c). Habitat for the species is classified as spring brook, 


forested wetland, herbaceous wetland, scrub/shrub wetland, forest/woodland, savanna, and 


woodland-conifer. The plant is often associated with longleaf pine or slash pine and is found in 


wet pine flatwoods, savannahs, peaty hillside seepage bogs, and pitcherplant bogs (NatureServe 


2015c). 


Purple balduina is distributed in southeastern and southcentral Georgia and northeast Florida. It 


has also historically been found in southeast North Carolina and northcentral South Carolina 


(NatureServe 2015c). 
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Status in the Study Area 


Purple balduina is listed as occurring in Richland County, South Carolina. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. Further, SCE&G does not plan to significantly change 


Project operations or the Project shoreline uses. Wetland areas would stay in their current 


condition and any individuals would continue to exist there. 


4.2.10 SANDHILLS LILY 


Sandhills lily is a perennial herb with showy, pendant flowers that range in color from yellow to 


orange to dusky red and spotted with magenta (NatureServe 2015i). This plant flowers late July 


through mid-August and capsules mature in October. Habitat is almost exclusively restricted to 


narrow transition zones between dry longleaf pine uplands and wet, wooded creeks and 


streamheads (NatureServe 2015i). It can also occur on herb and shrub-dominated side slopes and 


floodplains in streamhead and small depression pocosins, sandhill seeps, Coastal Plain small 


stream swamps, and wet, maintained rights-of-way (NatureServe 2015i). 


Sandhills lily ranges in distribution from southeastern Virginia to southcentral South Carolina, 


with most populations occurring in the Sandhills region on the interior Coastal Plain of 


southeastern North Carolina (NatureServe 2015i). 


Status in the Study Area 


Sandhills lily is known to occur in Chesterfield County, and possibly Richland County, in South 


Carolina (NatureServe 2015i). This species has not been documented within the Study Area. 
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Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area and because SCE&G does not plan to significantly change 


Project operations or the Project shoreline uses. 


4.2.11 SPATHULATE SEEDBOX 


Spathulate seedbox is a perennial herb with soft-hairy herbage and prostrate, creeping stems that 


often intermingle, forming extensive mats (NatureServe 2015k). Small flowers, which lack true 


petals, emerge and last from June through October. This species is most likely self-pollinating 


and spreads vegetatively by rooting from the nodes of stems. Habitat includes bogs, forested 


wetlands, herbaceous wetlands, and riparian areas (NatureServe 2015k). Spathulate seedbox is 


often found along exposed shores and bottoms of sinkhole ponds, bogs and depression meadows. 


This species occurs in Georgia, Florida, Alabama, and South Carolina (NatureServe 2015k).  


Status in the Study Area 


Within South Carolina, this species is known to occur within Aiken, Barnwell, Lexington, 


Richland, and Saluda counties (NatureServe 2015k). There is a possibility this plant could occur 


downstream of Parr Shoals Dam, in Richland county. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area and because SCE&G does not plan to significantly change 


Project operations or the Project shoreline uses. Wetland areas would stay in their current 


condition and any individuals would continue to exist there. 


4.2.12 WIRE-LEAVED DROPSEED 


The wire-leaved dropseed is a densely tufted perennial grass that flowers from July through 


September (NatureServe 2015n). Habitat types include bog, forested wetland, herbaceous 


wetland, forest-conifer, forest/woodland, and savanna. Wire-leaved dropseed occurs in 
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southeastern North Carolina and northeastern South Carolina, south to southern Georgia, and 


west to extreme southeastern Alabama (NatureServe 2015n). 


Status in the Study Area 


The species occurs in six counties in South Carolina, including Horry, Georgetown, Lexington, 


Kershaw, Richland and Chesterfield (NatureServe 2015n). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area and because SCE&G does not plan to significantly change 


Project operations or the Project shoreline uses. 


4.2.13 SOUTHERN HOGNOSE SNAKE 


Southern hognose snake is stocky with dark blotches and a sharply upturned snout (NatureServe 


2015g). Females mature at two-three years and lay clutches of six-ten eggs. Some individuals 


have been known to live well into their second decade, and generation length is approximately 


five to ten years. Southern hognose snake inhabits open, dry habitats, with well-drained, sandy, 


or sandy-loam soils, such as those occurring at sand ridges, stabilized coastal sand dunes, pine 


flatwoods, mixed oak-pine woodlands and forests, scrub oak woods, old fields and river 


floodplains (NatureServe 2015g). This snake spends a majority of its time burrowed in the soil. 


Southern hognose snake occurs on the Coastal Plain from eastern North Carolina to southern 


Florida, west to southeastern Mississippi (NatureServe 2015g). 


Status in the Study Area 


The southern hognose snake occurs in many counties throughout South Carolina, including 


Richland County, downstream of the Project (NatureServe 2015g). 
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Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species even though it 


likely occurs in the study area. SCE&G does not plan to significantly change Project operations 


or the Project shoreline uses, therefore the current habitats of the Project should not change 


significantly. 


4.3 STATE LISTED SPECIES 


Three species that are state-listed as threatened or endangered are included on the SCDNR 


county-level listings for the three counties of interest (Table 4-2). Life history information and 


habitat requirements for these species, as well as their status within the study area and potential 


to be affected by continued operation of the Project, are summarized below. 


TABLE 4-3   STATE-LISTED SPECIES OCCURRING IN RICHLAND, FAIRFIELD, AND NEWBERRY 
COUNTIES, SOUTH CAROLINA 


 


COMMON NAME SCIENTIFIC NAME FEDERAL 
STATUS1 


STATE 
STATUS2 COUNTIES 


Amphibians 


Pine Barrens tree frog Hyla andersonii  T Richland 


Mammals 
Rafinesque's big-
eared bat 


Corynorhinus 
rafinesquii  E Richland 


Fish 


Carolina darter Etheostoma collis SC T Fairfield, Richland 


 
1  Federal Status – E (listed as Endangered under ESA); T (listed as Threatened under ESA); C (Candidate for 


Federal listing); SC (Federal Species of Concern); P (Federally protected). 
2 State Status – E (state listed as endangered); T (state listed as threatened). 


4.3.1 PINE BARRENS TREE FROG  


The pine barrens tree frog inhabits the swamps, bogs, and acidic brownwater streams of the New 


Jersey Pine Barrens, as well as the pocosins (shrub bogs) of the Carolinas (Conant and Collins 


1991). This species is intolerant of closed-canopy conditions and is restricted to localized 







 


 
DECEMBER 2015 - 29 -  


wetlands such as hillside seepage bogs within dry uplands, pine barrens, and headwater swamps 


and disperses along drainages within these areas (NatureServe 2013). Non-breeding habitat 


generally is in pine-oak areas adjacent to breeding habitat. Important egg-laying and larval 


habitats include open cedar swamps and sphagnaceous, shrubby, acidic, seepage bogs on 


hillsides below pine-oak ridges. 


For southeastern populations, typical habitats are characterized by the topography, soils, and 


vegetation of the Carolina Sandhills, with pocosin or evergreen shrub swamps established along 


seeps and small streams within the surrounding longleaf pine-oak forest. Breeding habitat in 


South Carolina has been described as low vegetation with dense growth of Sphagnum mosses. 


Cely and Sorrow (1983) found that occurrences in South Carolina appeared to be restricted to the 


Fall Line Sandhills at elevations ranging between 61 and 122 m. 


Status in Study Area 


The area surrounding the Project lacks the Carolina sandhills habitat and associated bogs and 


pocosins required by this species; therefore it is extremely unlikely that Pine Barren tree frog 


would occur in the study area. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. 


4.3.2 RAFINESQUE’S BIG-EARED BAT 


Rafinesque’s big-eared bat is a colonial bat species native to the southeastern U.S. Two 


subspecies are recognized in South Carolina, Corynorhinus rafinesquii rafinesquii in the 


mountains and Corynorhinus rafinesquii macrotis along the Coastal Plain (Bunch et al. 2006). 


Rafinesque’s big-eared bat is nocturnal, feeding primarily on moths by echolocation. Coastal 


plain and sandhills populations of the species utilize I-beam and T-beam bridges for roosting. 


Roosting in mountainous regions of the state occurs in large hollow trees (typically large tulip 


poplars), abandoned buildings and mines, rock shelters, and caves. Habitat in the Blue Ridge 


Mountains includes rock outcrops, mesic and cove hardwood forests, forested bottomlands, 
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bottomland agricultural fields, dry deciduous forests, pine woodlands, and forested riparian 


areas. Coastal zone and sandhills habitats include black gum stands, bald cypress swap forests, 


maritime forests, and mature hardwood and mixed forests (Bunch et al. 2006). 


Status in the Study Area 


The range of Rafinesque’s big-eared bat in South Carolina includes the coastal plain and 


sandhills regions and the extreme northwestern Blue Ridge, with the piedmont representing a gap 


in the species’ distribution (Bunch et al. 2006). As such, it is extremely unlikely that this species 


would occur in the study area. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area and because it is a terrestrial species. SCE&G does not 


propose to make major changes to shoreline classifications or encourage development within the 


Project. 


4.3.3 CAROLINA DARTER 


The Carolina darter exists only in the Piedmont region from south-central Virginia through North 


Carolina into north-central South Carolina (Hayes and Bettinger 2006); it is state-listed as 


threatened and a federal species of concern. It occurs in small to moderately sized streams in 


areas of low current velocity, typically in backwaters among submerged tree roots or under 


leaves, where it feeds primarily on Chironomid larvae and micro-crustaceans. Preferred 


substrates are usually characterized by mud, sand, and sometimes bedrock (Rohde et al. 2009). 


Status in the Study Area 


The Carolina darter has been collected at several locations in the lower Broad River, including 


one that appears to be a tributary to Parr Reservoir (Rohde et al. 2009). However, extensive 


sampling by SCE&G and SCDNR in both Parr and Monticello reservoirs and in the downstream 


reach have failed to document this species (Kleinschmidt 2013a), suggesting that it may not 


occur in the study area or occurs in extremely low numbers not detected by previous sampling. 
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Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. 


4.4 SELECTED SOUTH CAROLINA CONSERVATION PRIORITY SPECIES 


As previously noted, ten species that are considered state conservation priority species were also 


added to the analysis based on consultation with SCDNR and USFWS staff (Table 4-3). Life 


history information and habitat requirements for these species, as well as their status within the 


Project Vicinity and potential to be affected by continued operation of the Project, are 


summarized below. 


TABLE 4-4 SELECTED STATE CONSERVATION PRIORITY SPECIES  


COMMON NAME SCIENTIFIC NAME STATE PRIORITY 
LEVEL1 


FEDERAL 
STATUS2 


Newberry burrowing crayfish Distocambarus youngineri Highest ARS 
Robust redhorse Moxostoma robustum Highest ARS 
Piedmont darter Percina crassa High  
Seagreen darter Etheostoma thalassinum High  
Highfin carpsucker Carpiodes velifer Highest  
Quillback Carpiodes cyprinus High  
Santee chub Hybopsis zanema High  
Striped bass Morone saxatilis Moderate  
Yellow lampmussel Lampsilis cariosa Highest  
Roakoke slabshell Elliptio roanokensis High  


 
1 Refers to conservation priority level as listed in SCDNR’s Comprehensive Wildlife Conservation Strategy 


(SCDNR 2006). 
2 ARS – At-Risk-Species. Refers to species that the USFWS has been petitioned to list and for which a positive 90-


day finding has been issued (listing may be warranted), yet no Federal protections currently exist. 
 


4.4.1 NEWBERRY BURROWING CRAYFISH 


The Newberry burrowing crayfish is a terrestrial crayfish of the genus Distocambarus and is 


endemic to South Carolina (Eversole and Welch 2006). Although knowledge of its habitat 
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requirements is limited, Newberry burrowing crayfish has typically been found in poorly drained 


areas where the ground is saturated during the rainy season (November – March) (Eversole and 


Welch 2006; Hobbs and Carlson 1985). The species has been documented from a range of site 


types including low, moist woodlands, a machine-maintained powerline, and a manicured lawn. 


Sites are generally isolated from floodplains and streams, although some have been found in low 


moist areas near the headwaters of streams (colluvial valleys). Analyses performed by Welch and 


Eversole (2002) found a close association between occurrence of Newberry burrowing crayfish 


and the presence of a perched water-table, as well as presence of Chewacla, Worsham, Toccoa-


Cartecay, Enon, and Sedgefield soil types (Eversole and Welch 2006). 


Status in the Study Area 


Currently, the Newberry burrowing crayfish is known from only 14 sites, all of which are located 


in Newberry County (Eversole and Welch 2006). The known range of the species encompasses 


portions of the Tyger, Enoree, Lower Broad, and Saluda River basins. Because this species is 


generally isolated from floodplains and streams, it is not expected to occur in the Project Area or 


in the downstream reach of the Broad River influenced by the Project. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. 


4.4.2 ROBUST REDHORSE 


The robust redhorse is a large, heavy-bodied sucker which was presumed extinct until being 


“rediscovered” during the initial stages of relicensing at Georgia Power’s Sinclair Hydroelectric 


Project (FERC No. 1951). Fisheries scientists knew little about its life history and habitat 


requirements. As a result, Georgia Power Company, along with state and federal resource 


agencies, other hydropower interests, and the Georgia Wildlife Federation, formed the Robust 


Redhorse Conservation Committee (RRCC) in 1995 to guide recovery efforts for the species in 


lieu of listing under the ESA. Subsequent research has produced valuable information about the  
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robust redhorse and its habitat requirements. However, much research is still needed, as little is 


known about the habitat preferences of juvenile robust redhorse. 


Based on recent studies, it appears that adult robust redhorse typically inhabit areas of the river 


where the current is moderately swift. Preferred habitat is riffle areas or in/near outside bends, 


where depths are greater and accumulations of logs and other woody debris are present (Evans 


1997). Spawning typically occurs at water temperatures from 18 to 24° C, usually over gravel 


substrate in both deep and shallow water (Hendricks 1998). 


Status in the Study Area 


At this time, natural populations of robust redhorse are not known to exist in the Broad River 


(Lamprecht and Scott 2013). Stocking of fingerlings began in 2004 at sites both above and below 


the Parr Shoals Dam (Lamprecht and Scott 2013), and robust redhorse have since been 


documented in both Parr and Monticello reservoirs, as well as the reach of the Broad River 


downstream of Parr Shoals Dam (Table 4-6). In addition, robust redhorse use of the fishway at 


the Columbia Hydroelectric Project has been documented (Kleinschmidt 2009, 2010, 2012, 


2013, 2014), suggested that robust redhorse from the Congaree and potentially other areas of the 


lower Santee Basin are utilizing habitat in the reach of the Broad downstream of Parr Shoals 


Dam during the spawning season. 


Determination of Effect 


Habitat for robust redhorse is potentially affected by Project flow releases and will be assessed as 


part of the proposed Instream Flow Incremental Methodology (IFIM) Study. Because it is listed 


as one of the key species for flow alterations, proposed changes to downstream flows should 


benefit the species. 


4.4.3 PIEDMONT DARTER  


The piedmont darter is one of two species in the genus Percina found in South Carolina (Hayes 


and Bettinger 2006). It is typically found in cool to warm moderately-sized streams and rivers,  
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usually in riffles with gravel or rock substrates (Rohde et al. 2009). Though a riffle dweller, this 


darter does not seem to favor extremely strong currents. 


Status in the Study Area 


The piedmont darter has been documented in the reach of the Broad River downstream of Parr 


Shoals Dam within the study area (Table 4-6). 


Determination of Effect 


Habitat for piedmont darter is potentially affected by Project flow releases and will be assessed 


as part of the proposed IFIM Study. This species is included in the IFIM analysis and proposed 


changes to downstream flows may benefit the species. 


4.4.4 SEAGREEN DARTER 


The seagreen darter is restricted to the Santee River drainage of the Carolinas (Hayes and 


Bettinger 2006). This species inhabits lower elevation tributaries in the mountain regions and is 


also found over a broad area of the upper piedmont in the Carolinas. It is less frequently found 


below the fall line in tributaries of the Congaree River. The seagreen darter favors a habitat of 


rock, rubble or gravel riffles in large creeks and rivers with moderate to swift currents, but has 


adapted to wide variations in temperature and water clarity. 


Status in the Study Area 


The seagreen darter has been documented in the reach of the Broad River downstream of Parr 


Shoals Dam within the study area (Table 4-6). 
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Determination of Effect 


Habitat for seagreen darter is potentially affected by Project flow releases and will be assessed as 


part of the proposed IFIM Study. This species is included in the IFIM analysis and proposed 


changes to downstream flows may benefit the species. 


4.4.5 HIGHFIN CARPSUCKER 


The highfin carpsucker is distributed throughout the Lake Michigan drainage and Mississippi 


River Basin from Pennsylvania south to Louisiana (Self and Bettinger 2006). It also occurs on 


the Atlantic Slope from the Cape Fear River to Savannah River drainages and Gulf Slope 


drainages from Choctawhatchee River, Alabama and Florida to the Pearl River, Louisiana and 


Mississippi. The Atlantic Slope and Gulf Slope populations likely differ at the species level from 


those of the Mississippi and Lake Michigan drainages. In South Carolina, the highfin carpsucker 


occurs in the Broad and Congaree rivers in the upper Santee River Basin and the Savannah 


River. Historically the highfin carpsucker also occurred in the Pee Dee River; however, that 


population may have since been extirpated. The highfin carpsucker inhabits rivers in areas with 


moderate or swift current over sand or a gravel substrate (Rohde et al. 2009). 


Highfin carpsucker population size and trends are not well known (Self and Bettinger 2006). 


There appear to be healthy populations with recruitment in the Broad River, Congaree River, and 


Savannah River. Preservation of populations in the Santee River is extremely important to the 


global preservation of the species given declining populations in the Cape Fear River and Pee 


Dee River (Self and Bettinger 2006). 


Status in the Study Area 


This species has been documented in both Parr Reservoir and the reach of the Broad River 


downstream of the Project (Table 4-6). 
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Determination of Effect 


Habitat for highfin carpsucker is potentially affected by Project flow releases and will be 


assessed as part of IFIM Study. This species is included in the IFIM analysis and proposed 


changes to downstream flows may benefit the species. 


4.4.6 QUILLBACK 


The quillback is found in warm, low- to moderate-gradient reaches of most major rivers, 


including upper portions of associated reservoirs (Lamprecht and Bettinger 2006). Quillback 


occur over varied substrates in rivers, but seldom over mud. They tend to occupy calm water; 


however, quillback may shift to swifter and deeper depths during low water. Quillback 


reportedly spawn in riffles, calm stream reaches and in floodplain bayous, laying eggs on gravel, 


sand, mud and organic matter. Quillback feed on insect larvae and other benthic organisms. 


The quillback is distributed from the Great Lakes region in the St. Lawrence River, Hudson Bay 


and Mississippi River basins from Quebec to Alberta, Canada; south to Louisiana and west to 


Wyoming in the United States (Lamprecht and Bettinger 2006). It also occurs on the Atlantic 


slope from the Delaware River, New York, to the Altamaha River, Georgia. In gulf slope 


drainages, it occurs from the Apalachicola River in Florida and Georgia to the Pearl River in 


Louisiana. The southern Atlantic slope populations in South Carolina are reported in the upper 


portions of the three major South Carolina drainages: the Pee Dee, Santee, and Savannah. Fish 


from these populations are likely distinct from those of the interior basin and gulf slope 


drainages (Lamprecht and Bettinger 2006). 


Status in the Study Area 


Quillbacks have been documented in both Parr and Monticello reservoirs, as well as the 


downstream reach of the Broad River (Table 4-6). 
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Determination of Effect 


Habitat for quillback is potentially affected by Project flow releases and will be assessed as part 


of the proposed IFIM Study. This species is included in the IFIM analysis and proposed changes 


to downstream flows may benefit the species. 


4.4.7 SANTEE CHUB  


The Santee chub is restricted to the Santee River drainage within South Carolina, primarily in the 


piedmont and Blue Ridge foothills (Hayes and Bettinger 2006). A few populations of Santee 


chub found in the coastal plain represent an undescribed species known as the “thinlip” chub. 


Outside of South Carolina, “thinlip” chub is also found in the Cape Fear River drainage of North 


Carolina. The Santee chub inhabits small to medium sized streams with sand and rocky runs or 


current-swept pools. This species seems to be able to tolerate more turbid and warm waters than 


its close relative, the big-eye chub, Hybopsis amblops. 


Status in the Study Area 


Santee chub has been documented in the reach of the Broad River downstream of Parr Shoals 


Dam within the study area (Table 4-6). 


Determination of Effect 


Habitat for Santee chub is potentially affected by Project flow releases and will be assessed as 


part of the proposed IFIM Study. This species is included in the IFIM analysis and proposed 


changes to downstream flows may benefit the species. 


4.4.8 STRIPED BASS 


The striped bass is an anadromous species native to the Atlantic slope, with natural populations 


residing in saltwater and migrating to medium to large freshwater rivers annually to spawn. It has 


been widely introduced or has remnant populations in impounded river systems, with some 


systems, including the Santee River Basin, supporting naturally-reproducing, damlocked 


populations (Sessions et al. 2006). In freshwater, they prefer to occupy areas with clean sandy 
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bottoms, fine gravel and rock. Adult striped bass have a thermal tolerance of six to 27° C, but 


seek temperatures between 18 to 25°C when available. During spawning, striped bass occupy 


shallow rocky and gravely areas with strong turbulent water flow. Striped bass eggs are 


semibouyant; they drift and sink slowly requiring moderate current to keep the eggs from settling 


to the bottom and dying before they are hatched in one to three days. Optimum water 


temperatures for successful striped bass egg hatching and survival is 17 to 18°C (Sessions et al. 


2006). 


Status in the Study Area 


Striped bass are regularly observed passing through the Columbia Hydroelectric Project fishway 


into the reach of the Broad downstream of Parr Shoals Dam (Kleinschmidt 2009, 2010, 2011, 


2012, 2013) and have been documented from the study area during electrofishing (Table 4-6). 


Determination of Effect 


Habitat for striped bass is potentially affected by Project flow releases and will be assessed as 


part of the proposed IFIM Study. This species is included in the IFIM analysis and proposed 


changes to downstream flows may benefit the species. The effect of downstream peaking flows 


on spawning habitat for this species is also being addressed as part of a downstream flow study. 


4.4.9 YELLOW LAMPMUSSEL 


The yellow lampmussel is a freshwater species that is found primarily in medium to large rivers 


and streams. Preferred habitat includes a variety of substrates such as silt or sand, gravel bars, 


and in the bedrock cracks of both large and small rivers and streams (Price 2006b). The range of 


this species extends from the Ogeechee River in Georgia to Nova Scotia, with distribution in 


South Carolina spanning the Savannah, Broad, Wateree, Congaree, and Pee Dee River basins 


(Bogan and Alderman 2008, Price et al. 2009, Kleinschmidt 2013b). 


Gravid yellow lampmussels observed in the Congaree River in 2007 were reported to release 


their glochidia between June and July (Price et al. 2009). These animals are long-term brooders 


that attract piscivorous hosts with mantle lure display. Broad River host trials indicate that 
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Moronids like striped bass and white bass are likely natural hosts for yellow lampmussel, though 


Centrarchids may also be viable hosts (Price et al. 2009). 


Status in the Study Area 


In 2007, 60 sites were surveyed for mussels on the Broad and Congaree rivers from Cayce on the 


Congaree to five river miles south of the North Carolina border on the Broad. Six sites were 


surveyed between Parr Dam and Columbia Dam, and seven sites were sampled in the Parr 


Reservoir. However, only nine individuals were collected from three sites located two-three river 


miles downstream of the confluence of the Broad and Saluda rivers (Price et al. 2009). Alderman 


(2006) documented similar numbers of yellow lampmussels from the upper Congaree River, 


with 3 live individuals documented at five sites between the Broad/Saluda confluence and the 


Cayce Boat Landing. 


In 2012, 13 sites just downstream from the Parr Shoals Dam were surveyed on the northeast side 


of Hampton Island (Alderman and Alderman 2012). This survey reported two sites where yellow 


lampmussel was present (CPUE ranging from 0.5-0.57 mussels/surveyor-hour). This location 


represents the uppermost extent of yellow lampmussel’s known range in the Broad River (Table 


4-6). 
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Determination of Effect 


Alderman and Alderman (2012) reported that the mussel assemblage directly downstream of the 


Parr Shoals Dam represents the highest freshwater mussel diversity recorded in the Broad River 


Sub-basin in North and South Carolina upriver from the Columbia Hydroelectric Project. 


Further, the tailrace is the only location above the Columbia Hydroelectric Project where yellow 


lampmussel appears to have persisted. Although densities of yellow lampmussel were low, the 


overall abundance and diversity of mussels observed suggests that the tailrace may actually be 


serving as a sanctuary for freshwater mussels. 


4.4.10 ROANOKE SLABSHELL 


The Roanoke slabshell is found in large rivers, but can occasionally be found in small creeks.  


The Roanoke slabshell is able to tolerate large variations in flow levels and higher water 


temperatures, making it able to survive in some locations near dams and hydroelectric plants. It 


has experienced large die offs when the plants generate extremely low flows and cause levels of 


oxygen to drop (Price 2006). 


The host fish for this species are still somewhat speculative, but it is thought that it parasitizes a 


diadromous fish host. Moreover, host studies conducted for Roanoke slabshell only showed 


successful transformation on blueback herring (most successful), gizzard shad, and white perch 


although a suite of taxa (ictalurids, cyprinids, centrarchids, catastomids, and anguillids) were 


considered (Price et al. 2009). 


Status in the Study Area 


In 2007, 60 sites were surveyed for mussels on the Broad and Congaree rivers from Cayce to five 


river miles south of the North Carolina border. Six sites were surveyed between Parr Shoals Dam 


and Columbia Dam seven in Parr Reservoir, and 13 sites below the Columbia Dam near the 


confluence of the Broad and Saluda rivers. Of these 60 sites, Roanoke slabshell was restricted to 


194 live individuals from eight sites below the Columbia Dam (CPUE ranging from 1-62 


mussels/surveyor-hour) and one individual from one site in Cherokee County, SC (Price et al. 


2009). 
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In 2012, 13 sites just downstream from the Parr Shoals Dam were surveyed on the northeast side 


of Hampton Island (Alderman and Alderman 2012). This survey reported nine sites where 


Roanoke slabshell were present (CPUE ranging from 4-18 mussels/surveyor-hour), representing 


the healthiest, upper-most, extent of its presently known range in the Broad River (Alderman 


2009) (Table 4-6). 


Determination of Effect 


As previously noted, Alderman and Alderman (2012) reported that the mussel assemblage found 


in the Parr tailrace represents the highest freshwater mussel diversity recorded in the Broad River 


Sub-basin in North and South Carolina upriver from the Columbia Hydrelectric Project. Further, 


the tailrace was the only location upstream of Columbia Hydroelectric Project dam where 


Roanoke slabshell has been documented (Alderman and Alderman 2012, Price 2010). Finally, 


juvenile Roanoke slabshell were documented by Alderman and Alderman (2012), suggesting that 


reproduction and recruitment are occurring in the tailrace area. These data suggest that the 


Project is unlikely to be resulting in any negative effects to the Roanoke slabshell population in 


the tailrace, but rather may be serving as a refuge for this and other mussel species. 


TABLE 4-5 DOCUMENTED OCCURRENCE OF SELECTED STATE CONSERVATION PRIORITY 
FISH SPECIES IN MONTICELLO RESERVOIR, PARR RESERVOIR AND THE 
DOWNSTREAM REACH OF THE BROAD RIVER (SOURCE: NORMANDEAU 2007, 
2008, 2009; SCANA 2013; BETTINGER ET AL. 2003; KLEINSCHMIDT 2013A; 
ALDERMAN AND ALDERMAN 2012) 


 
COMMON NAME SCIENTIFIC NAME PARR MONTICELLO BROAD RIVER 


Robust redhorse Moxostoma robustum x x x 
Piedmont darter Percina crassa   x 
Seagreen darter Etheostoma thalassinum   x 
Highfin carpsucker Carpiodes velifer x   
Quillback Carpiodes cyprinus x x x 
Santee chub Hybopsis zanema   x 
Striped bass Morone saxatilis   x 
Yellow lampmussel Lampsilis cariosa   x 
Roanoke slabshell Elliptio roanokensis   x 
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4.5 BIRDS OF CONSERVATION CONCERN 


In 2008, the USFWS published a report entitled Birds of Conservation Concern 2008, with the 


goal of accurately identifying the migratory and non-migratory bird species (beyond those 


already designated as federally threatened or endangered) that represent the USFWS’ highest 


conservation priorities. The USFWS requested that birds from the Piedmont Bird Conservation 


Region (BCR), (Table 4-7) be included in this assessment, as this is where the Project is located. 


Life history information and habitat requirements for these species, as well as their status within 


the Project Vicinity and potential to be affected by continued operation of the Project, are 


summarized below. 


TABLE 4-6 BIRDS OF CONSERVATION CONCERN IN THE PIEDMONT BIRD CONSERVATION 
REGION 


COMMON NAME SCIENTIFIC NAME 


Peregrine falcon Falco peregrinus 
Black rail Laterallus jamaicensis 
Short-eared owl Asio flammeus 
Whip-poor-will Caprimulgus vociferous 
Loggerhead shrike Lanius ludovicianus 
Brown-headed nuthatch Sitta pusilla 
Bewick’s wren Thryomanes bewickii 
Sedge wren Cistothorus platensis 
Wood thrush Hylocichla mustelina 
Blue-winged warbler Vermivora cyanoptera 
Prairie warbler Setophaga discolor 
Cerulean warbler Setophaga cerulean 
Swainson’s warbler Limnothlypis swainsonii 
Kentucky warbler Geothlypis formosa 
Bachman’s sparrow Aimophila aestivalis 
Henslow’s sparrow Ammodramus henslowii 
Rusty blackbird Euphagus carolinus 


   


4.5.1 PEREGRINE FALCON 


Peregrine falcon, a medium-sized bird of prey, is slate-grey on the head and back, barred and 


spotted on the chest and belly, with distinctive black “sideburns” (USFWS 2015c). Birds acquire 


adult plumage in their second year, but do not reproduce until age three. Nesting starts in late 


March, when females lay three to five eggs, which are identified by a pale rose color with brown 
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blotches (USFWS 2015c). Incubation lasts approximately 33-34 days. If the first clutch of eggs 


is destroyed, a second clutch may be laid. Chicks remain in the nest six to seven weeks after 


hatching and are cared for by both parents (USFWS 2015c). 


Historically the peregrine falcon ranged throughout the eastern United States from the Great 


Lakes and eastern Maine, south to Georgia and Alabama (USFWS 2015c). Peregrines usually 


nest on high, remote cliff ledges, with the nest site, or “eyrie” consisting of a shallow depression 


in the rocks and soil, sometimes surrounded with twigs and grass. 


Status in the Study Area 


The peregrine falcon is only known to occur within Greenville and Pickens counties, South 


Carolina (SCDNR 2015). Typically, peregrines are only seen in South Carolina during the winter 


season or during their migration. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 


4.5.2 BLACK RAIL 


The black rail is a small, blackish marshbird with a black bill, red eyes and a distinct white-


speckled back (Cornell 2015c). The black rail nests in high portions of salt marshes, shallow 


freshwater marshes, wet meadows, and flooded grassy vegetation. Eggs are usually laid in  
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clutches of six to ten and are a creamy white with brown spots. Incubation lasts approximately 


16 to 20 days (Cornell 2015c). 


Black rails range from southern New England to the Gulf States, and spend winters throughout 


the southern Atlantic coast states to Central America (Cornell 2015c). 


Status in the Study Area 


In South Carolina, there is only one confirmed nesting record, from 1903 (SCDNR 2015). 


Calling locations are spotty, with Bear Island WMA in Colleton County supporting the most 


significant population to date. SCDNR counted a total of 38 black rails in 1991-1992 along the 


coast of South Carolina, during an extensive marsh bird survey (SCDNR 2015). Black rails have 


also been reported in isolated wetlands in the Upstate (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because the 


species and its preferred habitats are not present within the Project Area. 


4.5.3 SHORT-EARED OWL 


The short-eared owl is found throughout North America, South America, Europe and Asia, and 


on many oceanic islands (Cornell 2015d). Preferred habitat includes open country, such as 


prairie, meadows, tundra, moorlands, marshes, savanna, and open woodland (Cornell 2015d). 


Nests are scratched out on the ground and surrounded by grass. Clutch size ranges from one to 


eleven eggs and incubation lasts from 26-29 days (Cornell 2015d).  


Status in the Study Area 


The short-eared owl resides within South Carolina during the winter months, and not during 


breeding season (SCDNR 2015). 
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Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 


4.5.4 WHIP-POOR-WILL 


The whip-poor-will has a very distinctive call and is more commonly heard than seen. It is most 


active at dawn and dusk and spends the day roosting in trees. While roosting, the whip-poor-will 


prefers lower limbs of trees so as to be better camouflaged and sits with its body parallel to the 


limbs, unlike most birds (NatureServe 2015b). 


The whip-poor-will’s clutch size is 2 eggs on a nest of leaf litter directly on the ground. Eggs 


incubate for 19 to 21 days and chicks leave the nest at 17 to 20 days of age (NatureServe 2015b). 


Whip-poor-will chicks are downy and capable of feeding themselves at hatching. Females 


typically leave the nest at 7 to 9 days to start a second nest (NatureServe 2015b). The range of 


the whip-poor-will spans Central Canada to the Atlantic Coast and south to Oklahoma and 


Georgia; wintering in the Southeast United States and Central America (NatureServe 2015b). 


Status in the Study Area 


The whip-poor-will is a winter resident along the South Carolina coast and migrates northward to 


the middle and eastern sections of the state in April (SCDNR 2015). The bird has also been 


documented in Spartanburg, Union, Chesterfield, Lee, Dorchester, and Richland counties, South 


Carolina (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 
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4.5.5 LOGGERHEAD SHRIKE 


The loggerhead shrike averages 23 cm long with a coloring similar to mocking birds; upper side 


gray with a white underside (NatureServe 2015h). In late April to early May, the bird begins 


building its nest made of thick twigs woven together and padded by feathers, hair, or cotton. A 


typical clutch consists of 4 to 6 eggs and incubation usually lasts 16-18 days. The young fledge 


in about 17-20 days and are independent in 36 days (NatureServe 2015h). 


 


The loggerhead shrike is a fairly common bird throughout most of North America ranging from 


southern Canada to Mexico and from the Pacific to Atlantic coast (NatureServe 2015h). It 


typically winters from Virginia to Florida, but is common in these areas year-round as well. 


Status in the Study Area 


The loggerhead shrike is a permanent resident throughout South Carolina, except at higher 


elevations (SCDNR 2015). It is most abundant in the Coastal Plain, especially within the “farm 


belt” area of the Inner Coast Plain (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 


4.5.6 BROWN-HEADED NUTHATCH 


The brown-headed nuthatch has a brown crown with blue-gray wings and back. The average size 


is 10 to 11 cm in length (NatureServe 2015m). During nesting season, the brown-headed 


nuthatch uses holes or snags in trees, usually dead, but rely on nesting boxes when dead trees are 


unavailable. The brown-headed nuthatch is monogamous for the breeding season, and sometimes 


for several consecutive seasons. The female typically lays three to nine eggs and the male 


protects the nest (NatureServe 2015m). 
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Brown-headed nuthatch is a non-migratory species and primarily exist in the southeast region of 


the United States and the Bahamas (NatureServe 2015m). The brown-headed nuthatch’s habitat 


consists of mature forests and are pine specialists. Currently, the brown-headed nuthatch is not 


Federally listed, but populations are declining due to habitat loss from logging and fire 


prevention (NatureServe 2015m). 


Status in the Study Area 


The brown-headed nuthatch commonly breeds in western South Carolina, utilizing the loblolly-


shortleaf pine forests of the Upper Coastal Plain and the longleaf-slash pine forests of the Lower 


Coastal Plain (SCDNR 2015). This species spends a majority of its time in open, mature old-


growth forest, especially where natural fire patterns have been maintained (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 


4.5.7 BEWICK’S WREN 


Bewick’s wren is a medium sized wren with a long tail and long, slender bills (Cornell 2015a). 


Nests are usually built in cavities in trees or on ledges. Females usually lay three to eight eggs 


per brood sometimes producing as many as three broods in a breeding season (Cornell 2015a). 


Bewick’s wren prefers brushy and scrub type habitat and are often found in thickets in open 


country or open woodlands near streams (Cornell 2015a). This species is flourishing in western 


North America, but its populations have steadily declined in the east. A possible cause for 


population decline is the increase in the house wren, which typically remove eggs from existing 


nests (Cornell 2015a). 
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Status in the Study Area 


Bewick’s wren was historically found in central South Carolina, although it is likely extirpated 


from the state (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. 


4.5.8 SEDGE WREN 


The sedge wren is a small wren measuring 10 to 12 cm with a short, thin bill. Male sedge wrens 


are very territorial and build multiple nests within their territory for females (NatureServe 


2015d). Nests consist of round balls of grasses and sedges with an entrance on the side. After 


selecting her nest, the female sedge wren pads the nest with feathers and fur (NatureServe 


2015d). A female sedge wren typically lays four to eight eggs per brood. Females incubate the 


eggs alone for approximately 14 days and continues to care for young alone. Young typically 


leave the nest after 12 to 14 days (NatureServe 2015d). 


As the name suggests, the sedge wren prefers wet fields and marshes with tall grasses and sedges 


(NatureServe 2015d). The sedge wren typically breeds in central northern United States and 


central Canada and winters in the southeast region of the United States (NatureServe 2015d). 


Status in the Study Area 


The sedge wren is a common winter resident of the Coastal Plain region (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because its 


preferred wintering habitats are not present within the Project Area. 
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4.5.9 WOOD THRUSH 


The wood thrush has brown upper parts with a spotted white breast and are typically 19 to 21 cm 


in length with a short tail and straight bill. During nesting season, the female initiates the nest  


building by developing a platform of grass will walls of woven grass, leaves, or stems (Cornell 


2015e). Nests are usually located in shrubs for support from branches as well as coverage from 


foliage. A female wood thrush typically lays three to four eggs per brood and will usually have 


two broods in a breeding season (Cornell 2015e). A new nest will be made for the second brood, 


and wood thrush pairs generally remain monogamous throughout the season (Cornell 2015e). 


 


The wood thrush prefers mature deciduous forests with large trees and a moderate understory 


and is a fairly common bird throughout the eastern region of the United States (Cornell 2015e). 


However, its populations have been steadily declining for several years, possibly due to nest 


parasitism from the brown-headed cowbird (Cornell 2015e). 


Status in the Study Area 


The wood thrush is distributed statewide with higher concentrations of breeding in the Piedmont 


and Mountain regions of the state (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 


4.5.10 BLUE-WINGED WARBLER 


The Blue-winged warbler is a small songbird commonly found in the eastern United States. 


Nests are generally built on the ground and well concealed by tall grasses and vines (NAS 2015). 


A usual clutch for the blue-winged warbler is four to seven eggs. The female incubates the eggs 


for 10 to 11 days and then both male and female feed the young (NAS 2015). Chicks remain in 


the nest for eight to 11 days. The blue-winged warbler often cross breeds with the golden-winged 


warbler resulting in fertile offspring (NAS 2015). 
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Blue-winged warblers spend their breeding season in the northeast and occupy the southeast 


during the winter (NAS 2015). They prefer the overgrown pastures of abandoned farmlands and 


forest clearings. Currently, they are suffering parasitism from brown-headed cowbirds, but 


populations appear stable (NAS 2015). 


Status in the Study Area 


The blue-winged warbler occurs in low densities as a breeding bird in South Carolina’s 


Appalachian Mountains (SCDNR 2015). It is migratory along the coastal areas, and overwinters 


in Central America and the Caribbean (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 


4.5.11 PRAIRIE WARBLER 


The prairie warbler is a medium sized warbler commonly found throughout the eastern United 


States (USFS 2001). Nests are an open cup shape of woven plants located between 1 and 10 feet 


from the ground (USFS 2001). Birds are monogamous for the breeding season, but typically 


select new mates each year. Females incubate three to five eggs for 11 to 15 days. The hatchlings 


fledge after 8 to 10 days, but remain dependent upon both parents for another month. Prairie 


warblers produce one brood per year (USFS 2001). 


Preferred habitat includes open, brushy areas, fields, and Christmas tree farms (USFS 2001). 


Prairie warblers are also found in disturbed areas which are deemed suitable five years after the 


disturbance of fire or clearing. An absence of a high canopy is important for this species of 


warbler (USFS 2001). 


Status in the Study Area 


The prairie warbler is found throughout the state of South Carolina (SCDNR 2015). 
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Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because the 


species and its preferred habitats are not present within the Project Area. 


4.5.12 CERULEAN WARBLER 


The cerulean warbler is a small bird that prefers the tall trees of deciduous hardwood forests of 


the eastern United States (USFWS 2006). Female cerulean warblers will typically lay three to 


four eggs per brood and incubate for 11 to 13 days (USFWS 2006). Once hatched, both parents 


assist in feeding and care of the young until they leave the nest after nine to 11 days. Cerulean 


warblers generally produce only one brood per year, however if the original nest is destroyed, a 


second attempt may be made (USFWS 2006). 


Cerulean warblers breed in the northeast and then migrate southeast for the winters (USFWS 


2006). Populations are in a steady decline due to habitat loss. Much of the historical forest 


habitat has been cleared for human development (USFWS 2006). 


Status in the Study Area 


The cerulean warbler’s breeding distribution includes the northwest corner of the South Carolina 


Mountain Ecoregion. Otherwise, it is only found throughout South Carolina as a passage migrant 


(SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because its 


preferred breeding habitats are not located in the Project Area. Also, SCE&G does not propose to 


significantly change the shoreline classification or encourage development in the Project Area. 


4.5.13 SWAINSON’S WARBLER 


Female Swainson’s warblers build bulky nests at an average height of six feet in various 


vegetation, typically near dense vines or shrubs (Meyer 2006). Females lay an average of three 
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eggs per brood. One brood per year is typical, though renesting in the event of a failed first 


attempt is common. The female Swainson’s warbler incubates the eggs for 13 to 15 days and 


chicks leave the nest after 10 to 12 days (Meyer 2006). 


Swainson’s warbler is commonly found in bottomland hardwood forests. In the breeding season, 


they prefer the southeastern United States and migrate south to the Caribbean for the winter. 


Preferred habitat includes forests near rivers, swamps, or floodplains (Meyer 2006). Coniferous 


and deciduous forests with canebreaks are also desirable locations. 


Status in the Study Area 


Swainson’s warbler is an uncommon breeder in South Carolina, inhabiting bottomlands in the 


Coastal Plain and rhododendron thickets in the mountains (SCDNR 2015). It is known to occur 


in Abbeville, Beaufort, Berkeley, Charleston, Chesterfield, Dorchester, Greenville and Pickens 


counties (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because its 


preferred habitats are not present in the study area. 


4.5.14 KENTUCKY WARBLER 


During nesting season, the female Kentucky warbler builds her nest on or near the ground hidden 


and supported by shrubs or fallen branches (Cornell 2015b). A typical clutch size consists of 


three to six eggs which are incubated solely by the female for 12 to 13 days. Once hatched, the 


young are cared for by both parents for the eight to ten days before they fledge as well as another 


week after leaving the nest (Cornell 2015b). 


The Kentucky warbler’s range spans from the Great Plains to the Atlantic Coast, wintering in 


Central America (Cornell 2015b). Preferred habitat for this species of warbler include woods 


with dense, humid thickets, areas near rivers and edges of swamps (Cornell 2015b). Currently 


suffering from habitat loss, the Kentucky warbler is also prone to parasitism by the brown-


headed cowbird. 
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Status in the Study Area 


The Kentucky warbler is a common breeder found throughout South Carolina, with breeding 


activity confirmed in all but a few counties of the state (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 


4.5.15 BACHMAN’S SPARROW 


Bachman’s sparrow, distinguished by “buffy” brownish-gray under plumage that is tinged with 


reddish streaks, is monogamous throughout the year, typically yielding two broods each breeding 


season (USFWS 2015a). A female sparrow build a nest of grasses at, or just above, ground level 


and lays a clutch of three to four eggs and incubates for 12 to 14 days. After hatching, both 


parents care for the young until they leave the nest after nine to ten days (USFWS 2015a). 


Bachman’s sparrow spans the Coastal Plain and Piedmont of the southeastern United States. This 


species historically preferred mature pine forests, the majority of which have been logged 


(USFWS 2015a). Today, pine forests with a more open understory are the usual habitat for this 


sparrow. Populations have been seen to increase in the year immediately after a fire and decline 


after three years post-fire. The Bachman’s sparrow southern populations are non-migratory while 


the northern populations have a short migration in the winter (USFWS 2015a). 
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Status in the Study Area 


Bachman’s sparrow can be found throughout the Piedmont and Coastal Plain regions of the state, 


specifically Charleston, Georgetown and Jasper counties (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 


4.5.16 HENSLOW’S SPARROW 


Henslow’s sparrow is believed to be monogamous for the breeding season and produces two 


broods each year (NatureServe 2015a). The male sparrow suggests several different locations in 


areas of dense, tall grass in open fields and meadows. The female selects the site she prefers and 


begins building a nest on or near the ground and well hidden in the dense grasses and weeds 


(NatureServe 2015a). Typical clutch size is three to five eggs per brood and is incubated by the 


female for nine to 11 days. Once hatched, both male and female parents care for the young. The 


Henslow’s sparrow remains in the nest for nine to ten days after hatching (NatureServe 2015a). 


Henslow’s sparrow is a rare bird whose populations are in decline. Historically, the habitat 


preferred by this species included open, moist meadows, coastal plains, and salt marshes, but in 


recent years they have been less frequently observed in coastal areas (NatureServe 2015a). The 


Henslow’s sparrow breeds in the Central and Northeast United States and migrates to the 


Southeast, primarily the Gulf Coast, for winter (NatureServe 2015a). 


Status in the Study Area 


Henslow’s sparrows winter throughout the Coastal Plain, extending inland from the coast 


through the Sandhills (SCDNR 2015). This species is unlikely to be found within the study area, 


as it is generally limited to areas below the fall line in South Carolina. 
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Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because its 


preferred habitats are not present in the study area. 


4.5.17 RUSTY BLACKBIRD 


The female rusty blackbird is in charge of building the nest. Nests are typically a bulky cup 


shape of sticks and coarse grasses (NatureServe 2015f). They are placed in the mid to upper 


sections of small conifer trees. Rusty blackbird nests are often in or near wetlands. The female 


lays three to five eggs and she alone incubates the eggs for roughly two weeks (NatureServe 


2015f). While the female incubates the eggs, the male will often feed her in the nest or on a 


nearby branch. Both parents care for and feed the hatchlings. Rusty blackbird chicks remain in 


the nest for 10 to 12 days (NatureServe 2015f). 


Rusty blackbirds winter in the southeastern United States in flooded forests, wooded wetlands, 


and swamps (NatureServe 2015f). Breeding occurs in the boreal forests of Canada, specifically 


in patchy wetland areas with small coniferous trees (NatureServe 2015f). 


Status in the Study Area 


The rusty blackbird is a fairly common winter visitor to the Piedmont and Coastal Plain, with 


lesser numbers occurring in the Mountain region of South Carolina (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 
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5.0 SUMMARY 


The original approved Study Plan for this Rare, Threatened, and Endangered Species Desktop 


Assessment (October 2014) was expanded based on an August 24, 2015 USFWS request to 


include several bird species considered to be of conservation concern for Piedmont Bird 


Conservation Region, as well as several Federal At-Risk Species.  We addressed the potential 


project effects on each of those species in the report.  Some of the species could occur in the 


Project boundary, but none of those species should be impacted by Project operations and are not 


protected by state or federal law. 


Of the 13 state- and federally-listed and candidate species originally identified by the USFWS, 


habitat requirements and known occurrence data suggest that only the bald eagle likely occurs in 


the study area with any regularity. Wood storks may periodically utilize portions of the study 


area of seasonal foraging (primarily by post-dispersal migrants during the summer months); 


however, this usage is expected to be sporadic and ephemeral. Habitat for Georgia aster has been 


noted on the adjacent V.C. Summer Nuclear Station site and on nearby U.S. Forest Service lands, 


suggesting that habitat may also exist within the Project study area. Potential occurrences of 


Georgia aster would be limited to terrestrial sites, which would not be affected by continued 


operation of the Project. Finally, several fish species that are not state- or federally-listed, but are 


classified as priority conservation species have been documented from the study area. Habitat 


requirements for these species will be assessed as part of the proposed IFIM study. Information 


from this study will be considered in developing Protection, Mitigation, and Enhancement 


measures. 
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PARR HYDROELECTRIC PROJECT 


(FERC NO. 1894) 


 


RARE, THREATENED AND ENDANGERED SPECIES STUDY PLAN 


 


SOUTH CAROLINA ELECTRIC & GAS COMPANY 


 


 


 


1.0 INTRODUCTION 


South Carolina Electric & Gas Company (SCE&G) is the Licensee of the Parr Fairfield 


Hydroelectric Project (FERC No. 1894) (Project). The Project consists of the Parr Hydro 


Development and the Fairfield Pumped Storage Development. Both developments are located 


along the Broad River in Fairfield and Newberry Counties, South Carolina (Figure 1).  


The Project is currently involved in a relicensing process which involves cooperation and 


collaboration between SCE&G as the licensee and a variety of stakeholders including state and 


federal resource agencies, state and local government, non-governmental organizations (NGOs), 


and interested individuals. Collaboration and cooperation of stakeholders is essential to the 


identification of and treatment of operational, economic, and environmental issues associated 


with a new operating license for the Project. SCE&G has established several Technical Working 


Committees (TWCs), including members from among the interested stakeholders, with the 


objective of achieving consensus regarding the identification and proper treatment of these 


resource issues in the context of a new license. 


In preparation for relicensing, SCE&G formed a Rare, Threatened and Endangered Species 


Technical Working Committee (“RT&E TWC” or “TWC”), which is comprised of interested 


stakeholders who are working with SCE&G to identify potential issues, make biological study 


recommendations, and provide technical and experience-based input related to rare, threatened 


and endangered (RT&E) species potentially residing in the Project area. SCE&G is planning to 


conduct a literature-based study to compile existing information on federally and state listed 


RT&E species in the immediate project area. SCE&G will use this information in developing 


their license application for Federal Energy Regulatory Commission (FERC). 
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2.0 STUDY OBJECTIVES 


The objective of this study is to characterize the present status of RT&E species at the Parr 


Fairfield Hydroelectric Project by providing information regarding the availability of RT&E 


habitat and characterize the known status of RT&E species within the Project boundary and 


Project vicinity. The presence or absence of select species will be verified through targeted field 


studies, including the Rocky Shoals Spider Lily Study, the Spiny Crayfish Study, and the 


Monticello Mussel Study.      


3.0 GEOGRAPHIC AND TEMPORAL SCOPE 


This study will focus on all areas within the FERC Project boundary, including Parr and 


Monticello reservoirs, the immediate vicinity of the Project in Fairfield and Newberry counties, 


and the area downstream of Parr Shoals Dam extending to and including Frost Shoals in 


Richland County. RT&E species that are deemed as potentially occurring within the Project Area 


and from Parr Shoals Dam extending to and including Frost Shoals, near Boatwright Island, 


along with the known presences of available RT&E habitat, will be evaluated. As this study is a 


desktop exercise, no field reconnaissance will be implemented. The study is scheduled to 


commence in 2015.   
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FIGURE 1 PARR-FAIRFIELD PROJECT LOCATION MAP
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4.0 COLLECTION METHODS AND ANALYSIS 


In order to appropriately characterize the present status of RT&E species in the Project vicinity, 


information will be collected from various sources, including the South Carolina Department of 


Natural Resources (SCDNR) and the U.S. Fish and Wildlife Service (USFWS) RT&E databases.  


As an initial step, a list of RT&E species documented as occurring in the counties surrounding 


the Project and downstream (Newberry, Fairfield and Richland) will be compiled based on the 


USFWS and SCDNR county level listings. Additional key species may be added at the request of 


TWC members, if agreed to be appropriate. The federal, state and global status of each of these 


species will be summarized, along with counties of occurrence. As a second step, known ranges 


of these species, along with occurrence data from the SCDNR Natural Heritage Program and 


other survey data, will then be used to eliminate species occurring in the counties but not in the 


Broad River Basin. Habitat requirements of each of the remaining species will then be 


summarized and compared to available habitat within the Project boundary and the area 


downstream of the Parr Shoals Dam extending to and including Frost Shoals, near Boatwright 


Island. This analysis will yield a list of species that potentially occur within the Broad River 


Basin, and that have suitable habitat within the Project Boundary and downstream of the Parr 


Shoals Dam extending to and including Frost Shoals, near Boatwright Island.   


5.0 SCHEDULE 


Research and data collection efforts will begin no later than the spring of 2015. A final report 


summarizing the study findings including the compiled spreadsheets will be issued within 120 


days of the completion of data collection. Study methodology and timing may be adjusted based 


on consultation with resource agencies and interested stakeholders.  


6.0 USE OF STUDY RESULTS 


Study results will be used as an information resource during discussion of relicensing issues and 


developing potential Protection, Mitigation and Enhancement measures with the SCDNR, 


USFWS, RT&E TWC and other relicensing stakeholders.  


 







 


 


APPENDIX B 
USFWS COUNTY LEVEL LISTING FOR FAIRFIELD, 


NEWBERRY AND RICHLAND COUNTIES 







South Carolina List of At‐Risk, Candidate, Endangered, and Threatened Species ‐ Fairfield County 


* Contact National Marine Fisheries Service (NMFS) for more information on this species


** The U.S. Fish and Wildlife Service (FWS) and NMFS share jurisdiction of this species


ARS At‐Risk Species ‐ Species that the FWS has been petitioned to list and for which a positive 90‐day


finding has been issued (listing may be warranted); information is provided only for conservation 


actions as no Federal protections currently exist.


BGEPA Federally protected under the Bald and Golden Eagle Protection Act


C FWS or NMFS has on file sufficient information on biological vulnerability and threat(s) to support


proposals to list these species


CH Critical Habitat


E Federally Endangered


P ‐ CH Proposed critical habitat in the Federal Register


S/A Federally protected due to similarity of appearance to a listed species


T Federally Threatened


COUNTY CATEGORY COMMON NAME SCIENTIFIC NAME STATUS


Amphibian


Bird Bald eagle  Haliaeetus leucocephalus BGEPA


Crustacean Little River (Broad River spiny) crayfish Cambarus spicatus ARS


Fish Blueback herring Alosa aestivalis ARS


Insect


Mammal


Mollusk Carolina heelsplitter Lasmigona decorata E


Plant Georgia aster Symphyotrichum georgianum C
Reptile


These lists should be used only as a guideline, not as the final authority.  The lists include known occurrences and areas where 


the species has a high possibility of occurring.  Records are updated as deemed necessary and may differ from earlier lists.  


For a list of State endangered, threatened, and species of concern, please visit https://www.dnr.sc.gov/species/index.html.


Fairfield None Found


None Found


None Found


None Found


April 2013







South Carolina List of At‐Risk, Candidate, Endangered, and Threatened Species ‐ Newberry County 


* Contact National Marine Fisheries Service (NMFS) for more information on this species


** The U.S. Fish and Wildlife Service (FWS) and NMFS share jurisdiction of this species


ARS At‐Risk Species ‐ Species that the FWS has been petitioned to list and for which a positive 90‐day


finding has been issued (listing may be warranted); information is provided only for conservation 


actions as no Federal protections currently exist.


BGEPA Federally protected under the Bald and Golden Eagle Protection Act


C FWS or NMFS has on file sufficient information on biological vulnerability and threat(s) to support


proposals to list these species


CH Critical Habitat


E Federally Endangered


P ‐ CH Proposed critical habitat in the Federal Register


S/A Federally protected due to similarity of appearance to a listed species


T Federally Threatened


COUNTY CATEGORY COMMON NAME SCIENTIFIC NAME STATUS


Amphibian


Bird Bald eagle Haliaeetus leucocephalus BGEPA


Bird Wood stork  Mycteria americana E


Crustacean Newberry burrowing crayfish (Saluda) Distocambarus youngineri ARS


Fish


Insect


Mammal


Mollusk Savannah lilliput Toxolasma pullus ARS


Mollusk Yellow lance Elliptio lanceolata ARS


Plant


Reptile


These lists should be used only as a guideline, not as the final authority.  The lists include known occurrences and areas where 


the species has a high possibility of occurring.  Records are updated as deemed necessary and may differ from earlier lists.  


For a list of State endangered, threatened, and species of concern, please visit https://www.dnr.sc.gov/species/index.html.


Newberry
None Found


None Found


None Found


None Found


None Found


None Found


April 2013







South Carolina List of At-Risk, Candidate, Endangered, and Threatened Species - Richland County  


6/18/2014


* Contact National Marine Fisheries Service (NMFS) for more information on this species


** The U.S. Fish and Wildlife Service (FWS) and NMFS share jurisdiction of this species


ARS At-Risk Species - Species that the FWS has been petitioned to list and for which a positive 90-day
finding has been issued (listing may be warranted); information is provided only for conservation 
actions as no Federal protections currently exist.


BGEPA Federally protected under the Bald and Golden Eagle Protection Act


C FWS or NMFS has on file sufficient information on biological vulnerability and threat(s) to support
proposals to list these species


CH Critical Habitat


E Federally Endangered


P or P - CH Proposed for listing or critical habitat in the Federal Register


S/A Federally protected due to similarity of appearance to a listed species


T Federally Threatened


COUNTY CATEGORY COMMON NAME SCIENTIFIC NAME STATUS
Amphibian Chamberlain’s dwarf salamander Eurycea chamberlaini ARS
Bird Bald eagle Haliaeetus leucocephalus BGEPA
Bird Red-cockaded woodpecker Picoides borealis E


Crustacean
Little River (Broad River spiny) crayfish Cambarus spicatus ARS


Fish American eel Anguilla rostrata ARS
Fish Atlantic Sturgeon* Acipenser oxyrinchus* E
Fish Blueback herring Alosa aestivalis ARS
Fish Robust redhorse Moxostoma robustum ARS
Fish Shortnose sturgeon* Acipenser brevirostrum* E
Insect 
Mammal
Mollusk Savannah lilliput Toxolasma pullus ARS
Plant Bog spicebush Lindera subcoriacea ARS
Plant Canby's dropwort Oxypolis canbyi E
Plant Carolina-birds-in-a-nest Macbridea caroliniana ARS
Plant Ciliate-leaf tickseed Coreopsis integrifolia ARS
Plant Georgia aster Symphyotrichum georgianum C
Plant Purple balduina Balduina atropurpurea ARS
Plant Rough-leaved loosestrife  Lysimachia asperulaefolia E
Plant Smooth coneflower Echinacea laevigata E
Plant Spathulate seedbox Ludwigia spathulata ARS
Reptile Southern hognose snake Heterdon simus ARS


These lists should be used only as a guideline, not as the final authority.  The lists include known occurrences and areas where 
the species has a high possibility of occurring.  Records are updated as deemed necessary and may differ from earlier lists.  


For a list of State endangered, threatened, and species of concern, please visit https://www.dnr.sc.gov/species/index.html.
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From: Vivianne Vejdani
To: Kelly Miller
Cc: Bill Marshall; "Richard Christie"
Subject: RE: draft RT&E Species Desktop Assessment
Date: Wednesday, July 09, 2014 4:37:08 PM


Hi Kelly,
 
The plan looks good but I would offer perhaps one general suggestion...the phrase "does not occur
within the study area/project area" be replaced by something like "is not likely to occur," in cases
where on the ground surveys have not been conducted. 
 
 


From: Kelly Miller [mailto:Kelly.Miller@KleinschmidtGroup.com] 
Sent: Monday, June 23, 2014 4:34 PM
To: Alison Jakupca; BARGENTIERI@scana.com; Bill Marshall; Bill Stangler
(CRK@congareeriverkeeper.org); Byron Hamstead (Byron_hamstead@fws.gov); Chad Altman
(altmankc@dhec.sc.gov); David Eargle (eargleda@dhec.sc.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Henry Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Karla
Reece (Karla.Reece@noaa.gov); Kelly Miller; QUATTLEBAUM, MILTON; rammarell@scana.com; Randy
Mahan (randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Sam Stokes Jr.; Scott
Castleberry (castlews@dhec.sc.gov); Shane Boring; Steve Summer; Tom McCoy
(thomas_mccoy@fws.gov); Vivianne Vejdani
Subject: draft RT&E Species Desktop Assessment
 
All,
 
Attached is the draft Rare, Threatened and Endangered Species Desktop Assessment.  Please review


and submit any comments or edits to me by Wednesday, July 9th. Please note that the appendices
will be included with the final report.
 
Thanks!
Kelly
 
Kelly Miller
Regulatory Coordinator


Office: 803.462.5633
www.KleinschmidtGroup.com
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From: Hamstead, Byron
To: Kelly Miller
Cc: Alison Jakupca; BARGENTIERI@scana.com; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler


(CRK@congareeriverkeeper.org); Chad Altman (altmankc@dhec.sc.gov); David Eargle (eargleda@dhec.sc.gov);
Gerrit Jobsis (gjobsis@americanrivers.org); Henry Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov);
Karla Reece (Karla.Reece@noaa.gov); QUATTLEBAUM, MILTON; rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Sam Stokes (stokess@dnr.sc.gov); Scott
Castleberry (castlews@dhec.sc.gov); Shane Boring; Steve Summer; Tom McCoy (thomas_mccoy@fws.gov);
Vivianne Vejdani


Subject: Re: draft RT&E Species Desktop Assessment
Date: Wednesday, July 09, 2014 4:39:38 PM
Attachments: 20140709_Parr RTE TWC proposal to include two mussels for consideration.docx


All,


The Service proposes that two additional species be included for consideration by
the RT&E TWC, Lampsilis cariosa and Elliptio roanokensis. Attached is a document
that aims to provide our basis for this proposal, and information relevant to the
objectives of the desktop assessment.  Please let me know if you have any questions
regarding this information.  Additionally, I can send along the 2007 mussel survey
data (from Price et al. 2009) in GIS file format if you request it.  The Service
appreciates the opportunity to participate on this Committee.


Thanks,
Byron 


                                                 


Byron Hamstead
Fish and Wildlife Biologist
USFWS Charleston Field Office
176 Croghan Spur Rd., Suite 200
Charleston, SC, 29407


843-727-4707 ext. 205


On Mon, Jun 23, 2014 at 4:33 PM, Kelly Miller
<Kelly.Miller@kleinschmidtgroup.com> wrote:


All,


 


Attached is the draft Rare, Threatened and Endangered Species Desktop
Assessment.  Please review and submit any comments or edits to me by
Wednesday, July 9th. Please note that the appendices will be included with the
final report.


 


Thanks!


Kelly
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RT&E TWC,


The Service would like to propose including two additional species as South Carolina conservation priority species for consideration under the relicensing of the Parr Fairfield Hydro Project.  To our knowledge, the uppermost significant populations of Lampsilis cariosa and Elliptio roanokensis in the Broad River occur in the tailrace of the Project.  We have prepared the following information to aid the reworking of the RT&E Desktop Assessment Report dated June 2014. 


Yellow Lampmussel (Lampsilis cariosa)


Description


This thick-shelled freshwater mussel has an obovate outline and a waxy yellow periostracum that is rarely rayed.  This species is sexually dimorphic, where females have a more rounded posterior margin and males are more elongate.  


Gravid L. cariosa observed in the Congaree River in 2007, were reported to release their glochidia between June and July (Price et al. 2009). These animals are long-term brooders that attract piscivorous hosts with mantle lure display.  Broad River host trials indicate that Moronids like striped bass and white bass are likely natural hosts for Yellow Lampmussel, though Centrarchids may also be viable hosts (Price et al. 2009). 


[image: File:Lampsilis cariosa with lure.jpg]  Photo Credit: J. Cole, USGS


Distribution and Status


The range of this animal extends from the Ogeechee River in Georgia to Nova Scotia.  However, its distribution in South Carolina is restricted to populations in the Savannah, Broad, Wateree, Congaree, and Pee Dee River basin (Bogan and Alderman 2008, Price 2009, Kleinschmidt 2013).  Populations in the Congaree and Pee Dee Rivers are likely the healthiest in SC, yet recruitment is rarely observed (www.dnr.sc.gov).  Presently, this mussel is not considered threatened, endangered, an At-Risk-Species, candidate, or petitioned species by the Service.  In the southern states, Natureserve (2014) considers this species either imperiled or critically imperiled, and designated Yellow Lampmussel with a rounded global status of G3 (vulnerable).  The IUCN lists the Yellow Lampmussel as Endangered (Bogan 1996).  The SC SWAP ranks L. cariosa as highest conservation priority.  Williams et al. (1993) considered Yellow Lampmussel threatened and Bogan and Alderman (2008) proposed it as State Endangered in SC.  


In 2007, 60 sites were surveyed for mussels on the Broad/Congaree River from Cayce to 5RM south of the North Carolina border. Six sites were surveyed between Parr dam and Columbia dam, and seven sites were sampled in the Parr Reservoir.  However, only nine individuals were collected from three sites located 2-3RM downstream of the confluence of the Broad and Saluda Rivers (Price et al. 2009). 


In 2012, 13 sites just downstream from the Parr Shoals Dam were surveyed on the northeast side of Hampton Island (Kleinshcmidt 2013).  This survey reported two sites where L. cariosa was present (CPUE ranging from 0.5-0.57 mussels/surveyor-hour).  This location represents the uppermost extent of Yellow Lampmussel’s known range in the Broad River.


Concerns


Presently, the upstream extent of this species range stops at the Parr Shoals Dam, but historically, it likely occurred well above the Project on the Broad River and its tributaries.  The alteration of habitat resulting from the impoundment of the Broad River at Parr Shoals dam has likely contributed to the decline of this species.  Moreover, the Service is concerned that the Project is presently restricting the distribution and recovery of this vulnerable mussel by obstructing the migration and distribution of its host fish.





Roanoke Slabshell (Elliptio roanokensis)


Description


This large-bodied freshwater mussel has an elliptical outline and a yellow reddish-brown periostracum with subtle greenish rays.    


[bookmark: _GoBack]The host fish for this species are still somewhat speculative, but it is thought that it parasitizes a diadromous fish host.  This idea is supported by the NCWRC, which asserts that generally, the best E. roanokensis populations are known to occur below the last major dam within river basins (www.ncwildlife.org).  Moreover, host studies conducted for E. roanokensis only showed successful transformation on Blueback herring (most successful), Gizzard shad, and White perch although a suite of taxa were considered including Ictalurids, Cyprinids, Centrarchids, Catastomids, and Anguillids (Price et al. 2009).     


Distribution and Status


The historical range of this animal extends from the Savanna River to the Connecticut River, but it no longer occurs north of the Nottoway River in Virginia.  Its distribution in South Carolina is restricted to populations in the Savannah, Catawba, Congaree, and Pee Dee River basin (Bogan and Alderman 2008).  Currently, this mussel is not considered threatened, endangered, an At-Risk-Species, candidate, or petitioned species by the Service.  Roanoke slabshell is listed as Vulnerable by the IUCN (Cummings and Cordeiro 2012).  In the southern states, Natureserve (2014) considers this species either imperiled or critically imperiled, and designated it a rounded global status of G3 (vulnerable).  This species has State Threatened status in North Carolina, is highest conservation priority in Virginia, and high conservation priority in SC.  Williams et al. (1993) listed this species as Special Concern and Bogan and Alderman (2008) proposed it as State Threatened in SC.  


In 2007, 60 sites were surveyed for mussels on the Broad/Congaree River from Cayce to 5RM south of the North Carolina border. Six sites were surveyed between Parr dam and Columbia dam, seven sites were sampled in the Parr Reservoir, and 13 sites were surveyed below the Columbia Dam near the confluence of the Broad and Saluda Rivers.  Of these 60 sites, Roanoke slabshell was restricted to 194 live individuals from eight sites below the Columbia Dam (CPUE ranging from 1-62 mussels/surveyor-hour) and one individual from one site in Cherokee County, SC (Price et al. 2009). 


In 2012, 13 sites just downstream from the Parr Shoals Dam were surveyed on the northeast side of Hampton Island (Kleinschmidt 2013).  This survey reported nine sites where E. roanokensis was present (CPUE ranging from 4-18 mussels/surveyor-hour), representing the healthiest, upper-most, extent of its presently known range in the Broad River.


Concerns


Currently, the healthiest population of E. roanokensis in the Broad River stops at the tailrace of Parr Shoals Dam.  However, it is likely that Roanoke slabshell once thrived well above the Project on the Broad River.  Cummings and Cordeiro (2012), estimate that in the past 25-50 years, the range of E. roanokensis has declined 50%, which translates to a 30% decline in populations.  The alteration of habitat resulting from the impoundment of the Broad River at Parr Shoals dam has likely contributed to the decline of this species.  Moreover, the Service is concerned that the Project is presently restricting the distribution and recovery of this vulnerable mussel by obstructing the migration and distribution of its host fish.
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From: Hamstead, Byron
To: Kelly Miller
Cc: Alison Jakupca; BARGENTIERI@scana.com; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler


(CRK@congareeriverkeeper.org); Chad Altman (altmankc@dhec.sc.gov); David Eargle (eargleda@dhec.sc.gov);
Gerrit Jobsis (gjobsis@americanrivers.org); Henry Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov);
Karla Reece (Karla.Reece@noaa.gov); QUATTLEBAUM, MILTON; rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Sam Stokes (stokess@dnr.sc.gov); Scott
Castleberry (castlews@dhec.sc.gov); Shane Boring; Steve Summer; Tom McCoy (thomas_mccoy@fws.gov);
Vivianne Vejdani


Subject: Re: draft RT&E Assessment in track changes
Date: Sunday, August 24, 2014 1:36:04 PM
Attachments: 20140824_USFWS Comments_Parr RTE Desktop Assessment.docx


Hi Kelly,


Please see comments from the USFWS on the RTE desktop assessment.  Many
thanks for your efforts to include the yellow lampmussel and Roanoke slabshell in
your assessment. Please let me know if you have any questions regarding these
comments.  I will be away from the office for the next two weeks, but I am available
via email or my cell: 919.946.0874. 


Thanks,
Byron


                                                 


Byron Hamstead
Fish and Wildlife Biologist
USFWS Charleston Field Office
176 Croghan Spur Rd., Suite 200
Charleston, SC, 29407


843-727-4707 ext. 205


This email correspondence an any attachments to and from this sender is subject to
the Freedom of Information Act and may be disclosed to third parties.


On Wed, Aug 13, 2014 at 10:01 AM, Kelly Miller
<Kelly.Miller@kleinschmidtgroup.com> wrote:


Good morning!


 


The draft Rare, Threatened and Endangered Species Desktop Assessment has
been revised to address comments received by Byron Hamstead and Vivianne
Vejdani.  These revisions are included in track changes in the attached document. 
Please review the revised report and if everyone approves of the changes, I will
attach the appendices and finalize the document.


 


Thanks!
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RARE, THREATENED AND ENDANGERED SPECIES DESKTOP ASSESSMENT


SOUTH CAROLINA ELECTRIC & GAS COMPANY


	


[bookmark: _Toc395684557]Introduction


The Parr Hydroelectric Project (Project) (FERC No. 1894) is located along the Broad River in Newberry and Fairfield counties, South Carolina and is owned and operated by South Carolina Electric & Gas Company (SCE&G). The Project consists of two developments, including the Parr Shoals Development and the Fairfield Pumped Storage Development. The project location is depicted in Figure 21.


In preparation for relicensing, SCE&G consulted with local, state and Federal agencies and other interested stakeholders to identify potential impacts of project operations on natural resources. A Rare, Threatened and Endangered Species Technical Working Committee (“RT&E TWC” or “TWC”) was formed and is comprised of representatives from the United States Fish and Wildlife Service (USFWS), National Marine Fisheries Service (NMFS), South Carolina Department of Natural Resources (SCDNR), South Carolina Department of Health and Environmental Control (SCDHEC), non-governmental organizations (NGOs), SCANA/SCE&G and other interested individuals. In addition to several field surveys for selected species, the TWC agreed upon a literature-based assessment to summarize the status of federally and state listed rare, threatened and endangered species (RT&E) occurring in the Parr Hydroelectric Project vicinity. As outlined in the RT&E Species Study Plan (Appendix A), the objective of this assessment was to identify those species potentially occurring in the Project vicinity, which includes habitats within the Project Boundary and in the downstream reach of the Broad River that is influenced by the Project (Richland County), based on review of occurrence data and habitat requirements. It should be noted that site-specific surveys are being conducted for several species of conservation concern (Table 11), and as such, these species are not included in this assessment.
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[bookmark: _Ref388450199][bookmark: _Toc388446469][bookmark: _Toc395684594]Table 11	Species of Conservation Concern Addressed by Site-Specific Studies


			Common Name


			Scientific Name


			Federal Status1


			State Status


			CWCS2 Priority Level


			Study Plan





			Rocky Shoals Spider Lily


			Hymenocallis coronaria


			


			rare


			n/a


			Rocky Shoals Spider Lily Study Plan





			American Eel


			Anguilla rostrata


			ARS


			


			Highest


			American Eel Study Plan





			Little River (Broad River spiny) Crayfish


			Cambarus spicatus


			ARS


			


			High


			Broad River Spiny Crayfish Study Plan











1	ARS – At-Risk-Species, Refers to species that the USFWS has been petitioned to list and for which a positive 90-day finding has been issued (listing may be warranted), yet no Federal protections currently exist.


2 	Refers to conservation priority level as listed in SCDNR’s Comprehensive Wildlife Conservation Strategy (SCDNR 2006).









[bookmark: _Toc395684558]Consultation History


During initial consultation, the USFWS provided county-level listings of RT&E species occurring in the two county regions surrounding the Project (Fairfield and Newberry counties; Appendix B). At the May 16, 2013 RT&E TWC meeting, the TWC discussed several species that should be addressed during relicensing (meeting notes are in Appendix C). SCDNR requested that the TWC add eight species to this analysis that are not state or federally-listed, but are considered state conservation priority species (Table 43). Based on a review of the initial  draft of this report, two additional mussel species that are not state or federally listed but are state conservation priority species (yellow lampmussel and Roanoke slabshell) were also added to this analysis (Table 4-3).  The TWC agreed that SCE&G would conduct a literature-based review to determine habitat requirements for each of these species and compare those requirements with typical habitat types known to occur in the study area for this report.


The RT&E TWC met again on October 22, 2013 to discuss the Rare, Threatened and Endangered Species Desktop Assessment Study Plan (study plan in Appendix A; meeting notes in Appendix C). At this meeting, the TWC agreed to extend the study area to include areas of the Broad River downstream of the Project Boundary. More specifically, it was agreed that the  study area would include habitats within the Project Boundary (Project Area) (Figure 21), as well as the reach of the Broad River from Parr Shoals Dam through Frost Shoals, near Boatwrights Island ([image: J:\455\088\Docs\Parr RTE Study.jpg]


Figure 22Figure 22). This area encompasses three counties in South Carolina: Newberry, Fairfield and Richland counties.


[image: J:\455\076\GIS\Parr Project Boundary.jpg]


[bookmark: _Ref390699411][bookmark: _Toc390855755][bookmark: _Toc395684612]Figure 21	Parr Hydroelectric Project Location Map






[bookmark: _Ref388620197][bookmark: _Toc390855756][image: J:\455\088\Docs\Parr RTE Study.jpg]


[bookmark: _Toc395684613]Figure 22	Downstream  RT&E Study Area





[bookmark: _Toc395684559]Methodology


As an initial step, the USFWS county-level listings for Newberry, Fairfield and Richland counties were reviewed to identify species potentially occurring in the study area that are federally listed as threatened or endangered under the US Endangered Species Act of 1972 (ESA), or are candidates for such listing. Similarly, SCDNR county-level listings for the three counties were also reviewed to identify species that are state listed under the South Carolina Nongame and Endangered Species Conservation Act of 1974. Bald eagle, which was removed from the federal endangered species list in 2007, was included in the assessment because of its continued protection under the Bald and Golden Eagle Protection Act of 1938. As previously noted, teneight species that are considered priority species in the SCDNR’s Comprehensive Wildlife Conservation Strategy (SCDNR 2006), and are documented as occurring in the three counties of interest, were also added to the analysis (Table 43). Known ranges, life history and habitat requirements for each of these species were then summarized and compared to conditions occurring in the study area to determine the potential for occurrence and to identify potential project effects.





[bookmark: _Ref387397248]



[bookmark: _Toc395684560][bookmark: _Toc388620926]Species Descriptions and Analysis 


[bookmark: _Toc388620927][bookmark: _Toc395684561]Federally Listed Species


Ten species that are federally listed as threatened or endangered, or are candidates for such listing, are included on the USFWS county-level listings for the three counties of interest (Table 41). None of the federally listed species on Table 41 have critical habitat designated in the study area. Life history information and habitat requirements for these species, as well as their status within the study area and potential to be affected by continued operation of the Project, are summarized below.


[bookmark: _Ref390699898][bookmark: _Toc395684595]Table 41	Federally Listed and Candidate Species Occurring in Richland, Fairfield, and Newberry Counties, South Carolina (Source: USFWS 2013a)





			COMMON NAME


			SCIENTIFIC NAME


			FEDERAL STATUS1   


			STATE STATUS2


			COUNTIES





			Birds





			Bald eagle


			Haliaeetus leucocephalus


			P


			T


			Newberry, Fairfield, Richland





			Red-cockaded woodpecker


			Picoides borealis


			E


			E


			Richland





			Wood stork


			Mycteria americana


			E


			E


			Newberry, Richland





			Fish





			Atlantic sturgeon


			Acipenser oxyrinchus oxyrinchus


			E


			E


			Richland





			Shortnose sturgeon


			Acipenser brevirostrum


			E


			E


			Richland





			Invertebrates





			Carolina heelsplitter


			Lasmigona decorata


			E


			


			Newberry, Fairfield, Richland





			Plants





			Canby's dropwort


			Oxypolis canbyi


			E


			


			Richland





			Georgia aster


			Symphyotrichum georgianus


			C


			


			Fairfield, Richland





			Rough-leaved loosestrife


			Lysimachia asperulaefolia


			E


			


			Richland





			Smooth coneflower


			Echinacea laevigata


			E


			 


			Richland











1 	Federal Status – E (listed as Endangered under ESA); T (listed as Threatened under ESA); C (Candidate for Federal listing); SC (Federal Species of Concern); P (Federally protected).





2 State Status – E (state listed as endangered); T (state listed as threatened)


[bookmark: _Toc395684562]Bald Eagle


The bald eagle was removed from the federal list of threatened species in 2007 (USFWS 2007a) but remains protected as a state endangered species under the South Carolina Nongame and Endangered Species Conservation Act, and federally under the Bald and Golden Eagle Protection Act and Migratory Bird Treaty Act (16 U.S.C.668-668d) (72 FR 37345-37372). Bald eagles are found throughout North America, typically around water bodies, where they feed primarily on fish and carrion. Studies suggest that reservoirs, especially those associated with hydroelectric facilities, are particularly attractive to foraging bald eagles (Brown 1996). Eagles nest in large trees near water and typically repair and use the same nest for several years, (Degraaf and Rudis 1986). In South Carolina, the distribution of eagle nesting has expanded from the coast to encompass more inland areas. This expansion has been attributed to the construction of approximately 491,000 acres of large reservoirs in the state since the early 1900s (Wilde et al. 2003). In South Carolina, the number of estimated nesting pairs has increased from 13 in 1977 to 181 in 2003 (Wilde et al. 2003). 


Status in the Study Area


Bald eagles are commonly observed in the study area (SCE&G 2010), with Monticello and Parr reservoirs, as well as the lower Broad River, providing abundant foraging habitat. In addition, nine bald eagle nests are known to occur in the study area and the surrounding vicinity (SCE&G unpublished data) (Figure 41).


[image: ]














[bookmark: _Ref390934747][bookmark: _Toc395684614]Figure 41	Eagle Nest Locations in the Vicinity of the Parr Project





Determination of Effect


Continued operation of the Project is not likely to result in negative effects on eagle foraging or nesting. SCE&G tracks bald eagle nesting in the Project Area and utilizes this information to minimize potential impacts of various shoreline management activities on eagle nests. Specifically, SCE&G refrains from issuing shoreline permits for activities within 660 ft of an active nest during the nesting season (September through May) and 330 ft during the non-nesting season. This policy is in adherence to the USFWS habitat guidelines for nesting bald eagles (USFWS 2007b). SCE&G also frequently consults with USFWS Ecological Services staff regarding proposed activities in the vicinity of known nests.


[bookmark: _Toc395684563]Red-Cockaded Woodpecker


The red-cockaded woodpecker (RCW) is endemic to open, mature, and old growth pine ecosystems in the southeastern United States (USFWS 2003). Over 97% of the pre-colonial era RCW population has been eradicated, leaving only roughly 14,000 RCWs living in about 5,600 colonies scattered across eleven states, including South Carolina. RCW decline is generally attributed to a loss of suitable nesting and foraging habitats, including longleaf pine systems, due to logging, agriculture, fire suppression, and other factors (USFWS 2003). Suitable nesting habitat generally consists of open pine forests and savannahs with large, older pines and minimal hardwood midstory or overstory. Living trees, especially older trees that are susceptible to red-heart disease making them more easily excavated, provide the RCWs preferred nesting cavities. Suitable foraging habitat consists of open-canopy, mature pine forests with low densities of small pines, little midstory vegetation, limited hardwood overstory, and abundant bunchgrass and forb groundcover (USFWS 2003).


Status in the Study Area


There are no known reports of RCWs in areas surrounding the Project or along the lower Broad River. Further, there is no known longleaf pine savanna habitat in the study area.


Determination of Effect


Based on the lack of suitable habitat, it is very unlikely that this species occurs in the study area and thus would not be affected by continued operation of the Project.


[bookmark: _Toc395684564]Wood Stork


The wood stork is a large, colonial wading bird and is the only stork species that breeds in the United States (USFWS 1996). It was federally listed as endangered in 1984, primarily due to loss of wetland habitat throughout its range, but recently its status has been proposed for downlisting from endangered to threatened due to significant population recovery (USFWS 2012b). It uses a variety of wetlands for nesting, feeding, and roosting. Nesting colonies (rookeries) in South Carolina are typically surrounded by extensive palustrine forested wetlands. Nests are usually located in the upper branches of large black gum or cypress trees, and several nests are typically located in each tree. Like most wading birds, storks feed primarily on small fish. Shallow, open water is required for successful foraging, and depressions where fish become concentrated during periods of falling water levels are particularly attractive sites. Currently, nesting of the species in the United States is thought to be limited to the coastal plain of South Carolina, North Carolina, Georgia, and Florida (Murphy and Hand 2013), which is consistent with recent survey work that found no nesting on the adjacent Saluda Hydroelectric Project (Kleinschmidt 2005). 


Status in the Study Area


Periodic foraging of wood storks has been documented in the adjacent Saluda River Basin (Kleinschmidt 2005). Shallow backwaters in the study area, particularly in the upper reaches of the Parr Reservoir, may provide foraging habitat for transient wood storks. Although habitat is present, wood stork use of these areas has not been documented.


Determination of Effect	Comment by Hamstead, Byron A: Have the waterfowl management areas been surveyed for wood stork? How might management of these areas affect nesting/foraging birds that might occur in the area? 


Project operations are expected to result in no effects on wood storks or their habitat. In fact, fluctuating water levels in Parr Reservoir could enhance foraging habitat by periodically trapping fish in shallow pool areas.


[bookmark: _Toc395684565]Atlantic Sturgeon


The Atlantic sturgeon is a large (up to 5.5m in length), long-lived (up to 60 years) anadromous species that was historically present in the Santee Basin at least as far inland as the fall line (Newcomb and Fuller 2001). The Carolina Distinct Population Segment of Atlantic sturgeon, which includes the Santee Basin population, is federally listed as endangered (77 FR 5914), primarily due to overharvesting for flesh and eggs (caviar) during the early to mid-20th Century, as well as habitat degradation and blockage of access to historical spawning grounds (NMFS1998a). 


The Atlantic sturgeon is considered estuarine anadromous, spending most of it life in estuarine and ocean environments and undertaking spawning migrations into riverine systems during late-winter and spring months (NMFS 1998a; Marcy et al. 2005). Spawning typically occurs over hard bottoms of clay, rubble, or gravel, with flowing water and temperatures of 14 - 24°C. After spawning, females typically return to estuarine environments within 4 to 6 weeks, while males may remain in the river through the fall. Juveniles of this species remain in the natal rivers for 3 to 5 years before migrating to the ocean (Marcy et al. 2005).


Status in the Study Area


Atlantic sturgeon were historically present at least as far inland as the fall line (Newcomb and Fuller 2001). Current upstream distribution in the Santee Basin is thought to be limited by the lack of passage for Atlantic sturgeon at the Santee Cooper Dams[footnoteRef:1]. This information indicates that this species does not occur in the Project study area. 	Comment by Hamstead, Byron A: While information indicates that the species does not presently occur in the project area, it may be present within the term of the project’s new license as the agencies have established a goal of restoring diadromous fish populations and providing access to historic spawning/foraging habitats in the Santee River basin. Likewise, the effect of project operation may change within the term of the Project’s new license. [1:  Bill Post (SCDNR), personal communication, April 24, 2014. 	] 



Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc395684566]Shortnose Sturgeon


The shortnose sturgeon is federally listed as endangered and is thought to have occurred historically in the reach of the Broad River encompassed by the Project (Welch 2000, Newcomb and Fuller 2001). Shortnose sturgeon are amphidromous (semi-anadromous) spending portions of their life cycle in low salinity estuaries and portions in freshwater rivers (NMFS 1998b; Kynard 1997; Buckley and Kynard 1985). Shortnose sturgeon begin migrating to spawning areas of inland riverine reaches in the spring (typically mid-February through March in South Carolina) when water temperatures rise above 9 °C (Kynard 1997, Hall et al. 1991). Shortnose sturgeon spawning has been documented in the Congaree River near the City of Columbia over substrates of sand, gravel and rock, at temperatures ranging from 9.7-15.6°C, and dissolved oxygen concentrations of 10.6-12.5 mg/L (Collins et al. 2003).


Status in the Study Area


Population groups of shortnose sturgeon are known from downstream of the Santee-Cooper dams (lakes Marion and Moultrie) in the lower reaches of the Santee-Cooper Basin (Collins et al. 2003). An additional dam-locked spawning population of shortnose sturgeon has been documented in the Santee-Cooper lakes (with Lake Marion and its tributaries harboring the most significant number of fish) and upstream in the Congaree River. Radio-telemetry studies have documented migration of shortnose sturgeon as far upstream on the Congaree River as the Blossom Street Bridge adjacent to the City of Columbia and just downstream of the Columbia Hydropower Project and the confluence of the Broad and Saluda rivers (Finney et al. 2006); however, consultation with SCDNR staff indicates that this occurrence was related to one observation and that their radiotelemetry data suggest that shortnose sturgeon activity is primarily limited to areas downstream of Granby Lock and Dam[footnoteRef:2], an abandoned lock and dam located on the Congaree approximately 28 miles downstream of the Parr Project. 	Comment by Hamstead, Byron A: My previous comment is also relevant for SNS. Additionally, I think that it is appropriate to mention here the proximity of the Columbia fishway to this occurrence of SNS. It is also worth mentioning that the Columbia fishway was designed with the passage of sturgeon in mind. [2:  Bill Post (SCDNR), personal communication, April 24, 2014.] 



Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc395684567]Carolina Heelsplitter


The Carolina heelsplitter is the only South Carolina freshwater mussel currently listed as federally endangered (Price 2006). Although it was once found in large rivers and streams, the Carolina heelsplitter is now restricted to cool, clean, shallow, heavily shaded streams of moderate gradient. Stable streambanks and channels, with pool, riffle and run sequences, little or no fine sediment, and periodic natural flooding, appear to be required for the Carolina heelsplitter.


Status in the Study Area


Carolina heelsplitter is known to occur in isolated populations distributed in the Savannah, Pee Dee, and Catawba drainages and is not known to occur in the Broad River Basin (Price 2006) or within the study area.






Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc395684568]Canby’s Dropwort


Canby’s dropwort is a perennial plant that grows in coastal plain habitats including wet meadows, wet pineland savannas, ditches, sloughs, and around the edges of cypress-pine ponds (USFWS 2010). The healthiest populations seem to occur in open bays or ponds, which are wet most of the year and have little or no canopy cover. Ideal soils for Canby's dropwort have a medium to high organic content and a high water table. They are also acidic, deep, and poorly drained.


Status in the Study Area


No populations of Canby’s dropwort have been documented in the study area. The prime habitat for this species is coastal plain habitat and thus this species would not be expected to occur in the study area.	Comment by Hamstead, Byron A: Mention any surveys that have been conducted for it. Were any surveys or habitat evaluations conducted for VC Summer? 


Determination of Effect


Because Canby’s dropwort is not expected to occur in the study area, continued operation of the Project would likely result in no effect on the species.


[bookmark: _Toc395684569]Georgia Aster


Georgia aster is classified as a candidate for federal listing as threatened or endangered by the USFWS (2013b). Habitat for this species consists of dry, rocky woodlands, woodland borders, roadbanks, and powerline rights-of-way (Weakley 2012). It is thought to be a relict species of the post oak-savanna communities that existed in the southeast prior to fire suppression. 


Status in the Study Area


Although no site-specific occurrence data are available for the study area, Nelson (2006, 2007) found no Georgia aster on the adjacent V.C. Summer Nuclear Station but concluded that suitable habitat exists on the site. Georgia aster is also known from several locations on the nearby Sumter National Forest (USDA 2010).






Determination of Effect


Habitat for Georgia aster may exist within the Project study area; however, potential occurrences would be limited to terrestrial sites, which should not be affected by continued operation of the Project.


[bookmark: _Toc395684570]Rough-Leaf Loosestrife


Rough-leaved loosestrife generally occurs in the ecotones or edges between longleaf pine uplands and pond pine pocosins (areas of dense shrub and vine growth usually on a wet, peaty, poorly drained soil), on moist to seasonally saturated sands, and on shallow organic soils overlaying sand (NatureServe 2013). Rough-leaf loosestrife has also been found on deep peat in the low shrub community of large Carolina bays (shallow, elliptical, poorly drained depressions of unknown origin). The grass-shrub ecotone, where rough-leaf loosestrife is found, is fire-maintained, as are the adjacent plant communities (longleaf pine-scrub oak, savanna, flatwoods, and pocosin). Suppression of naturally occurring fire in these ecotones, results in shrubs increasing in density and height and expanding to eliminate the open edges required by this plant.


Status in the Study Area


The pine pocosin and Carolina bay environments required by this species do not occur in the Piedmont; therefore, rough-leaved loosestrife is extremely unlikely to occur in the study area.


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc395684571]Smooth Coneflower


Smooth coneflower is typically found in open woods, cedar barrens, roadsides, clearcuts, dry limestone bluffs, and power line rights-of-way, usually on magnesium and calcium rich soils associated with amphibolite, dolomite or limestone (in Virginia), gabbro (in North Carolina and Virginia), diabase (in North Carolina and South Carolina), and marble (in South Carolina and Georgia) (USFWS 2012a). Smooth coneflower occurs in plant communities that have been described as xeric hardpan forests, diabase glades, or dolomite woodlands. Optimal sites are 


characterized by abundant sunlight and little competition in the herbaceous layer. Natural fires, as well as large herbivores, historically influenced the vegetation in this species' range. Many of the herbs associated with smooth coneflower are also sun-loving species that depend on periodic disturbances to reduce the shade and competition of woody plants.


Status in the Study Area


The diabase glade habitat required by this species is not known to occur in areas around Monticello and Parr reservoirs or along the lower Broad River. Although no site-specific surveys have been performed, surveys by Nelson (2006, 2007) failed to document smooth coneflower on the adjacent V. C. Summer Nuclear Station project area and concluded that appropriate habitat for the species does not occur on the site. 


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc388620928][bookmark: _Toc395684572]State Listed Species


Three species that are state-listed as threatened or endangered are included on the SCDNR county-level listings for the three counties of interest (Table 42). Life history information and habitat requirements for these species, as well as their status within the study area and potential to be affected by continued operation of the Project, are summarized below.






[bookmark: _Ref390945780][bookmark: _Toc395684596]Table 42  	State-Listed Species Occurring in Richland, Fairfield, and Newberry Counties, South Carolina





			COMMON NAME


			SCIENTIFIC NAME


			FEDERAL STATUS


			STATE STATUS2


			COUNTIES





			Amphibians





			Pine Barrens tree frog


			Hyla andersonii


			


			T


			Richland





			Mammals





			Rafinesque's big-eared bat


			Corynorhinus rafinesquii


			


			E


			Richland





			Fish





			Carolina darter


			Etheostoma collis


			SC


			T


			Fairfield, Richland











 	Federal Status – E (listed as Endangered under ESA); T (listed as Threatened under ESA); C (Candidate for Federal listing); SC (Federal Species of Concern); P (Federally protected).





2	State Status – E (state listed as endangered); T (state listed as threatened)








[bookmark: _Toc395684573]Pine Barrens Tree Frog 


The pine barrens tree frog inhabits the swamps, bogs, and acidic brownwater streams of the New Jersey Pine Barrens, as well as the pocosins (shrub bogs) of the Carolinas (Conant and Collins 1991). This species is intolerant of closed-canopy conditions and is restricted to localized wetlands such as hillside seepage bogs within dry uplands, pine barrens, and headwater swamps and disperses along drainages within these areas (NatureServe 2013). Non-breeding habitat generally is in pine-oak areas adjacent to breeding habitat. Important egg-laying and larval habitats include open cedar swamps and sphagnaceous, shrubby, acidic, seepage bogs on hillsides below pine-oak ridges.


For southeastern populations, typical habitats are characterized by the topography, soils, and vegetation of the Carolina Sandhills, with pocosin or evergreen shrub swamps established along seeps and small streams within the surrounding longleaf pine-oak forest. Breeding habitat in South Carolina has been described as low vegetation with dense growth of Sphagnum mosses. Cely and Sorrow (1983) found that occurrences in South Carolina appeared to be restricted to the Fall Line Sandhills at elevations ranging between 61 and 122 m.






Status in Study Area


The area surrounding the Project lacks the Carolina sandhills habitat and associated bogs and pocosins required by this species; therefore it is extremely unlikely that Pine Barren tree frog would occur in the study area.


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc395684574]Rafinesque’s Big-eared Bat 


Rafinesque’s big-eared bat is a colonial bat species native to the southeastern U.S. Two subspecies are recognized in South Carolina, Corynorhinus rafinesquii rafinesquii in the mountains and Corynorhinus rafinesquii macrotis along the Coastal Plain (Bunch et al. 2006). Rafinesque’s big-eared bat is nocturnal, feeding primarily on moths by echolocation. Coastal plain and sandhills populations of the species utilize I-beam and T-beam bridges for roosting. Roosting in mountainous regions of the state occurs in large hollow trees (typically large tulip poplars), abandoned buildings and mines, rock shelters, and caves. Habitat in the Blue Ridge Mountains includes rock outcrops, mesic and cove hardwood forests, forested bottomlands, bottomland agricultural fields, dry deciduous forests, pine woodlands, and forested riparian areas. Coastal zone and sandhills habitats include black gum stands, bald cypress swap forests, maritime forests, and mature hardwood and mixed forests (Bunch et al. 2006).


Status in the Study Area


The range of Rafinesque’s big-eared bat in South Carolina includes the coastal plain and sandhills regions and the extreme northwestern Blue Ridge, with the piedmont representing a gap in the species’ distribution (Bunch et al. 2006). As such, it is extremely unlikely that this species would occur in the study area.


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area and because it is a terrestrial species.


[bookmark: _Toc395684575]Carolina Darter


The Carolina darter exists only in the Piedmont region from south-central Virginia through North Carolina into north-central South Carolina (Hayes and Bettinger 2006); it is state-listed as threatened and a federal species of concern. It occurs in small to moderately sized streams in areas of low current velocity, typically in backwaters among submerged tree roots or under leaves, where it feeds primarily on Chironomid larvae and micro-crustaceans. Preferred substrates are usually characterized by mud, sand, and sometimes bedrock (Rohde et al. 2009).


Status in the Study Area


The Carolina darter has been collected at several locations in the lower Broad River, including one that appears to be a tributary to Parr Reservoir (Rohde et al. 2009). However, extensive sampling by SCE&G and SCDNR in both Parr and Monticello reservoirs and in the downstream reach have failed to document this species (Kleinschmidt 2013a), suggesting that it may not occur in the study area or occurs in extremely low numbers not detected by previous sampling.


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.





[bookmark: _Toc395684576]Selected South Carolina Conservation Priority Species


As previously noted, teneight species that are considered state conservation priority species were also added to the analysis based on consultation with SCDNR and USFWS staff (Table 43). Life history information and habitat requirements for these species, as well as their status within the Project Vicinity and potential to be affected by continued operation of the Project, are summarized below.






[bookmark: _Ref390933276][bookmark: _Toc395684597]Table 43  	Selected State Conservation Priority Species 


			Common Name


			Scientific Name


			State Priority Level1


			Federal Status2





			Newberry burrowing crayfish


			Distocambarus youngineri


			Highest


			ARS





			Robust redhorse


			Moxostoma robustum


			Highest


			ARS





			Piedmont darter


			Percina crassa


			High


			





			Seagreen darter


			Etheostoma thalassinum


			High


			





			Highfin carpsucker


			Carpiodes velifer


			Highest


			





			Quillback


			Carpiodes cyprinus


			High


			





			Santee chub


			Hybopsis zanema


			High


			





			Striped bass


			Morone saxatilis


			Moderate


			





			Yellow lampmussel


			Lampsilis cariosa


			Highest


			





			Roakoke slabshell


			Elliptio roanokensis


			High


			











1	Refers to conservation priority level as listed in SCDNR’s Comprehensive Wildlife Conservation Strategy (SCDNR 2006). 





2	ARS – At-Risk-Species. Refers to species that the USFWS has been petitioned to list and for which a positive 90-day finding has been issued (listing may be warranted), yet no Federal protections currently exist.





[bookmark: _Toc395684577]Newberry Burrowing Crayfish


The Newberry burrowing crayfish is a terrestrial crayfish of the genus Distocambarus and is endemic to South Carolina (Eversole and Welch 2006). Although knowledge of its habitat requirements is limited, Newberry burrowing crayfish has typically been found in poorly drained areas where the ground is saturated during the rainy season (November – March) (Eversole and Welch 2006; Hobbs and Carlson 1985). The species has been documented from a range of site types including low, moist woodlands, a machine-maintained powerline, and a manicured lawn. Sites are generally isolated from floodplains and streams, although some have been found in low moist areas near the headwaters of streams (colluvial valleys). Analyses performed by Welch and Eversole (2002) found a close association between occurrence of Newberry burrowing crayfish and the presence of a perched water-table, as well as presence of Chewacla, Worsham, Toccoa-Cartecay, Enon, and Sedgefield soil types (Eversole and Welch 2006).


Status in the Study Area


Currently, the Newberry burrowing crayfish is known from only 14 sites, all of which are located in Newberry County (Eversole and Welch 2006). The known range of the species encompasses portions of the Tyger, Enoree, Lower Broad, and Saluda River basins. Because this species is generally isolated from floodplains and streams, it is not expected to occur in the Project Area or in the downstream reach of the Broad River influenced by the Project. 


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc395684578]Robust Redhorse


The robust redhorse is a large, heavy-bodied sucker which was presumed extinct until being “rediscovered” during the initial stages of relicensing at Georgia Power’s Sinclair Hydroelectric Project (FERC No. 1951). Fisheries scientists knew little about its life history and habitat requirements. As a result, Georgia Power Company, along with state and federal resource agencies, other hydropower interests, and the Georgia Wildlife Federation, formed the Robust Redhorse Conservation Committee (RRCC) in 1995 to guide recovery efforts for the species in lieu of listing under the ESA. Subsequent research has produced valuable information about the robust redhorse and its habitat requirements. However, much research is still needed, as little is known about the habitat preferences of juvenile robust redhorse.


Based on recent studies, it appears that adult robust redhorse typically inhabit areas of the river where the current is moderately swift. Preferred habitat is riffle areas or in/near outside bends, where depths are greater and accumulations of logs and other woody debris are present (Evans 1997). Spawning typically occurs at water temperatures from 18 to 24° C, usually over gravel substrate in both deep and shallow water (Hendricks 1998).


Status in the Study Area


Robust redhorse have been documented in both Parr and Monticello reservoirs, as well as the downstream reach of the Broad River (Table 44). 	Comment by Hamstead, Byron A: They have also been documented utilizing the Columbia Fishway, and will have continued access to the downstream reach of Parr Dam.


Determination of Effect


Habitat for robust redhorse is potentially affected by project flow releases and will be assessed as part of the proposed Instream Flow Incremental Methodology (IFIM) Study.


[bookmark: _Toc395684579]Piedmont Darter 


The piedmont darter is one of two species in the genus Percina found in South Carolina (Hayes and Bettinger 2006). It is typically found in cool to warm moderately-sized streams and rivers, usually in riffles with gravel or rock substrates (Rohde et al. 2009). Though a riffle dweller, this darter does not seem to favor extremely strong currents.


Status in the Study Area


The piedmont darter has been documented in the reach of the Broad River downstream of Parr Shoals Dam within the study area (Table 44).


Determination of Effect


Habitat for piedmont darter is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


[bookmark: _Toc395684580]Seagreen Darter


The seagreen darter is restricted to the Santee River drainage of the Carolinas (Hayes and Bettinger 2006). This species inhabits lower elevation tributaries in the mountain regions and is also found over a broad area of the upper piedmont in the Carolinas. It is less frequently found below the fall line in tributaries of the Congaree River. The seagreen darter favors a habitat of rock, rubble or gravel riffles in large creeks and rivers with moderate to swift currents, but has adapted to wide variations in temperature and water clarity.


Status in the Study Area


The seagreen darter has been documented in the reach of the Broad River downstream of Parr Shoals Dam within the study area (Table 44).


Determination of Effect


Habitat for seagreen darter is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


[bookmark: _Toc395684581]Highfin Carpsucker


The highfin carpsucker is distributed throughout the Lake Michigan drainage and Mississippi River Basin from Pennsylvania south to Louisiana (Self and Bettinger 2006). It also occurs on the Atlantic Slope from the Cape Fear River to Savannah River drainages and Gulf Slope drainages from Choctawhatchee River, Alabama and Florida to the Pearl River, Louisiana and Mississippi. The Atlantic Slope and Gulf Slope populations likely differ at the species level from those of the Mississippi and Lake Michigan drainages. In South Carolina, the highfin carpsucker occurs in the Broad and Congaree rivers in the upper Santee River Basin and the Savannah River. Historically the highfin carpsucker also occurred in the Pee Dee River; however, that population may have since been extirpated. The highfin carpsucker inhabits rivers in areas with moderate or swift current over sand or a gravel substrate (Rohde et al. 2009).


Highfin carpsucker population size and trends are not well known (Self and Bettinger 2006). There appear to be healthy populations with recruitment in the Broad River, Congaree River, and Savannah River. Preservation of populations in the Santee River is extremely important to the global preservation of the species given declining populations in the Cape Fear River and Pee Dee River (Self and Bettinger 2006).


Status in the Study Area


This species has been documented in both Parr Reservoir and the reach of the Broad River downstream of the Project (Table 44). 


Determination of Effect


Habitat for highfin carpsucker is potentially affected by project flow releases and will be assessed as part of IFIM Study.


[bookmark: _Toc395684582]Quillback


The quillback is found in warm, low- to moderate-gradient reaches of most major rivers, including upper portions of associated reservoirs (Lamprecht and Bettinger 2006). Quillback occur over varied substrates in rivers, but seldom over mud. They tend to occupy calm water; however, quillback may shift to swifter and deeper depths during low water. Quillback reportedly spawn in riffles, calm stream reaches and in floodplain bayous, laying eggs on gravel, sand, mud and organic matter. Quillback feed on insect larvae and other benthic organisms.


The quillback is distributed from the Great Lakes region in the St. Lawrence River, Hudson Bay and Mississippi River basins from Quebec to Alberta, Canada; south to Louisiana and west to Wyoming in the United States (Lamprecht and Bettinger 2006). It also occurs on the Atlantic slope from the Delaware River, New York, to the Altamaha River, Georgia. In gulf slope drainages, it occurs from the Apalachicola River in Florida and Georgia to the Pearl River in Louisiana. The southern Atlantic slope populations in South Carolina are reported in the upper portions of the three major South Carolina drainages: the Pee Dee, Santee, and Savannah. Fish from these populations are likely distinct from those of the interior basin and gulf slope drainages (Lamprecht and Bettinger 2006).


Status in the Study Area


Quillbacks have been documented in both Parr and Monticello reservoirs, as well as the downstream reach of the Broad River (Table 44). 


Determination of Effect


Habitat for quillback is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


[bookmark: _Toc395684583]Santee Chub 


The Santee chub is restricted to the Santee River drainage within South Carolina, primarily in the piedmont and Blue Ridge foothills (Hayes and Bettinger 2006). A few populations of Santee chub found in the coastal plain represent an undescribed species known as the “thinlip” chub. Outside of South Carolina, “thinlip” chub is also found in the Cape Fear River drainage of North Carolina. The Santee chub inhabits small to medium sized streams with sand and rocky runs or current-swept pools. This species seems to be able to tolerate more turbid and warm waters than its close relative, the big-eye chub, Hybopsis amblops.


Status in the Study Area


Santee chub has been documented in the reach of the Broad River downstream of Parr Shoals Dam within the study area (Table 44).


Determination of Effect


Habitat for Santee chub is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


[bookmark: _Toc395684584]Striped Bass


Striped bass inhabit medium to large rivers; they are also found in impoundments, where they have been introduced, but are often unable to complete their life cycle (Sessions et al. 2006). They prefer to occupy areas with clean sandy bottoms, fine gravel and rock. Adult striped bass have a thermal tolerance of 6 to 27° C, but seek temperatures between 18 to 25°C when available. During spawning, striped bass occupy shallow rocky and gravely areas with strong turbulent water flow. Striped bass eggs are semibouyant; they drift and sink slowly requiring moderate current to keep the eggs from settling to the bottom and dying before they are hatched in one to three days. Optimum water temperatures for successful striped bass egg hatching and survival is 17 to 18°C (Sessions et al. 2006).	Comment by Hamstead, Byron A: It is relevant to mention here that the fish is anadromous, spawning occurs in freshwater, and adults naturally reside in saltwater. 



Status in the Study Area


Striped bass have been recently documented in the reach of the Broad River downstream of Parr Shoals Dam within the study area (Table 44).	Comment by Hamstead, Byron A: The fishway at Columbia may also facilitate the continued presence of striped bass in the reaches downstream of the Parr Dam  


Determination of Effect


[bookmark: _Ref388451078]Habitat for striped bass is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


 


[bookmark: _Ref390931068][bookmark: _Toc395684598]Table 44	Documented Occurrence of Selected State Conservation Priority Fish Species in Monticello Reservoir, Parr Reservoir and the Downstream Reach of the Broad River (Source: Normandeau 2007, 2008, 2009; SCANA 2013; Bettinger et al. 2003; Kleinschmidt 2013a)





			Common Name


			Scientific Name


			Parr


			Monticello


			Broad River





			Robust redhorse


			Moxostoma robustum


			x


			x


			x





			Piedmont darter


			Percina crassa


			


			


			x





			Seagreen darter


			Etheostoma thalassinum


			


			


			x





			Highfin carpsucker


			Carpiodes velifer


			x


			


			





			Quillback


			Carpiodes cyprinus


			x


			x


			x





			Santee chub


			Hybopsis zanema


			


			


			x





			Striped bass


			Morone saxatilis


			


			


			x











[bookmark: _Toc395684585]Yellow Lampmussel


The yellow lampmussel is a freshwater species that is found primarily in medium to large rivers and streams.  Preferred habitat includes a variety of substrates such as silt or sand, gravel bars, and in the bedrock cracks of both large and small rivers and streams (Price 2006b).  The range of this species extends from the Ogeechee River in Georgia to Nova Scotia, with distribution in South Carolina spanning the Savannah, Broad, Wateree, Congaree, and Pee Dee River basins (Bogan and Alderman 2008, Price et al. 2009, Kleinschmidt 2013b).  





Gravid yellow lampmussels observed in the Congaree River in 2007, were reported to release their glochidia between June and July (Price et al. 2009). These animals are long-term brooders that attract piscivorous hosts with mantle lure display.  Broad River host trials indicate that Moronids like striped bass and white bass are likely natural hosts for yellow lampmussel, though Centrarchids may also be viable hosts (Price et al. 2009). 





Status in the Study Area





In 2007, 60 sites were surveyed for mussels on the Broad and Congaree rivers from Cayce on the Congaree to 5 river miles south of the North Carolina border on the Broad. Six sites were surveyed between Parr Dam and Columbia Dam, and seven sites were sampled in the Parr Reservoir.  However, only nine individuals were collected from three sites located 2-3 river miles downstream of the confluence of the Broad and Saluda rivers (Price et al. 2009).  Alderman (2006) documented similar numbers of yellow lampmussels from the upper Congaree River, with 3 live individuals documented at five sites between the Broad/Saluda confluence and the Cayce Boat Landing.  





In 2012, 13 sites just downstream from the Parr Shoals Dam were surveyed on the northeast side of Hampton Island (Alderman and Aldermanet al. 2012).  This survey reported two sites where yellow lampmussel was present (CPUE ranging from 0.5-0.57 mussels/surveyor-hour).  This location represents the uppermost extent of yellow lampmussel’s known range in the Broad River.    





Determination of Effect


Yellow lampmussel occupying the Broad River directly downstream of the Parr Shoals powerhouse are potentially affected by a range of factors typically associated with hydropower tailwaters.  These include increased shear stresses from turbine releases, potential water quality changes associated with reservoir releases, and habitat changes associated with periodic curtailments of flow.  However, Alderman and Alderman (2012) reported that the mussel assemblage directly downstream of the Parr Shoals Dam (the only site within the study area where yellow lampmussel has been reported) represents the highest freshwater mussel diversity recorded in the Broad River Sub-basin in North and South Carolina upriver from the Columbia Hydro Dam. Densities of this species are relatively low at this location, but it appears that the Project has limited impacts (or no negative effects) on those populations within the study area.  	Comment by Hamstead, Byron A: I am not sure I can agree with this. I do not think you have presented enough information to support this conclusion.  To reiterate my comment above, I think that the dam may be playing a major role in limiting the upward distribution of the species via impediment to infested host fishes.





[bookmark: _Toc395684586]Roanoke Slabshell


The Roanoke slabshell is found in large rivers, but can occasionally be found in small creeks.


The Roanoke slabshell is able to tolerate large variations in flow levels and higher water temperatures, making it able to survive in some locations near dams and hydroelectric plants. It has experienced large die offs when the plants generate extremely low flows and cause levels of oxygen to drop (Price 2006).





The host fish for this species are still somewhat speculative, but it is thought that it parasitizes a diadromous fish host. Moreover, host studies conducted for Roanoke slabshell only showed successful transformation on blueback herring (most successful), gizzard shad, and white perch although a suite of taxa (ictalurids, cyprinids, centrarchids, catastomids, and anguillids) were considered (Price et al. 2009).     





Status in the Study Area


In 2007, 60 sites were surveyed for mussels on the Broad and Congaree rivers from Cayce to 5 river miles south of the North Carolina border. Six sites were surveyed between Parr Shoals Dam and Columbia Dam seven in Parr Reservoir, and 13 sites below the Columbia Dam near the confluence of the Broad and Saluda rivers.  Of these 60 sites, Roanoke slabshell was restricted to 194 live individuals from eight sites below the Columbia Dam (CPUE ranging from 1-62 mussels/surveyor-hour) and one individual from one site in Cherokee County, SC (Price et al. 2009).  





In 2012, 13 sites just downstream from the Parr Shoals Dam were surveyed on the northeast side of Hampton Island (Alderman and Alderman 2012b). This survey reported nine sites where Roanoke slabshell were present (CPUE ranging from 4-18 mussels/surveyor-hour), representing the healthiest, upper-most, extent of its presently known range in the Broad River (Alderman 2009).





Determination of Effect


Roanoke slabshell occupying the Broad River directly downstream of the Parr Shoals powerhouse are potentially affected by a range of factors typically associated with hydropower tailwaters. These include increased shear stresses from turbine releases, potential water quality changes associated with reservoir releases, and habitat changes associated with periodic curtailments of flow.  However, Alderman (2012) found that the mussel assemblage located directly below the Parr Shoals Dam (the only site within the study area where Roanoke slabshell have been reported) represents the highest freshwater mussel diversity recorded in the Broad River Sub-basin in North and South Carolina upriver from the Columbia Hydro Dam. In addition, juvenile Roanoke slabshell were documented during the survey, suggesting that reproduction and recruitment are occurring in the tailrace area.  From this information, it appears that the Project has limited impacts (or no negative effects) on those existing populations within the study area.  	Comment by Hamstead, Byron A: My two comments above apply to this species as well.












[bookmark: _Toc395684587]Summary


[bookmark: _GoBack]Of the 13 state- and federally-listed and candidate species, habitat requirements and known occurrence data suggest that only the bald eagle likely occurs in the study area with any regularity. Wood storks may periodically utilize portions of the study area of seasonal foraging (primarily by post-dispersal migrants during the summer months); however, this usage is expected to be sporadic and ephemeral. Habitat for Georgia aster has been noted on the adjacent V.C. Summer Nuclear Station site and on nearby U.S. Forest Service lands, suggesting that habitat may also exist within the Project study area. Potential occurrences of Georgia aster would be limited to terrestrial sites, which would not be affected by continued operation of the Project. Finally, several fish species that are not state- or federally-listed, but are classified as priority conservation species have been documented from the study area. Habitat requirements for these species will be assessed as part of the proposed IFIM study. Information from this study will be considered in developing Protection, Mitigation, and Enhancement measures.
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From: Shane Boring
To: Hamstead, Byron
Cc: Henry Mealing; BARGENTIERI@scana.com; Kelly Miller
Subject: Final Parr/FF Rare, Threatened and Endangered Species Assessment
Date: Wednesday, September 24, 2014 4:15:20 PM
Attachments: 20140924_Parr RTE Desktop Assessment.docx


USFWS comment responses 9-18-2014- revised.doc


Byron,
 
Thanks for your comments on the revised RT&E report; they were very constructive.  We have
addressed the majority of your comments, which you will find in track changes in the attached final
version of the report.  There were a few comments that we did not agree with for inclusion in the
final report, but we believe needed further clarification with you specifically.  For those items, we
prepared and attached a separate document with our rationale on these items.  When we file the
RTE report in the Final License Application, we will include your official comments and
correspondence as part of the report.
 
Thanks again for your continued commitment to the relicensing process.   
 
 
C. Shane Boring
Environmental Scientist


Office: 803.462.5625
www.KleinschmidtGroup.com
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[bookmark: _Toc398806749]Introduction


The Parr Hydroelectric Project (Project) (FERC No. 1894) is located along the Broad River in Newberry and Fairfield counties, South Carolina and is owned and operated by South Carolina Electric & Gas Company (SCE&G). The Project consists of two developments, including the Parr Shoals Development and the Fairfield Pumped Storage Development. The project location is depicted in Figure 21.


In preparation for relicensing, SCE&G consulted with local, state and Federal agencies and other interested stakeholders to identify potential impacts of project operations on natural resources. A Rare, Threatened and Endangered Species Technical Working Committee (“RT&E TWC” or “TWC”) was formed and is comprised of representatives from the United States Fish and Wildlife Service (USFWS), National Marine Fisheries Service (NMFS), South Carolina Department of Natural Resources (SCDNR), South Carolina Department of Health and Environmental Control (SCDHEC), non-governmental organizations (NGOs), SCANA/SCE&G and other interested individuals. In addition to several field surveys for selected species, the TWC agreed upon a literature-based assessment to summarize the status of federally and state listed rare, threatened and endangered species (RT&E) occurring in the Parr Hydroelectric Project vicinity. As outlined in the RT&E Species Study Plan (Appendix A), the objective of this assessment was to identify those species potentially occurring in the Project vicinity, which includes habitats within the Project Boundary and in the downstream reach of the Broad River that is influenced by the Project (Richland County), based on review of occurrence data and habitat requirements. It should be noted that site-specific surveys are being conducted for several species of conservation concern (Table 11), and as such, these species are not included in this assessment.











SEPTEMBER 2014	- 1 -	








SEPTEMBER 2014	- 36 -	





[bookmark: _Ref388450199][bookmark: _Toc388446469][bookmark: _Toc398806786]Table 11	Species of Conservation Concern Addressed by Site-Specific Studies


			Common Name


			Scientific Name


			Federal Status1


			State Status


			CWCS2 Priority Level


			Study Plan





			Rocky Shoals Spider Lily


			Hymenocallis coronaria


			


			rare


			n/a


			Rocky Shoals Spider Lily Study Plan





			American Eel


			Anguilla rostrata


			ARS


			


			Highest


			American Eel Study Plan





			Little River (Broad River spiny) Crayfish


			Cambarus spicatus


			ARS


			


			High


			Broad River Spiny Crayfish Study Plan











1	ARS – At-Risk-Species, Refers to species that the USFWS has been petitioned to list and for which a positive 90-day finding has been issued (listing may be warranted), yet no Federal protections currently exist.


2 	Refers to conservation priority level as listed in SCDNR’s Comprehensive Wildlife Conservation Strategy (SCDNR 2006).









[bookmark: _Toc398806750]Consultation History


During initial consultation, the USFWS provided county-level listings of RT&E species occurring in the two county regions surrounding the Project (Fairfield and Newberry counties; Appendix B). At the May 16, 2013 RT&E TWC meeting, the TWC discussed several species that should be addressed during relicensing (meeting notes are in Appendix C). SCDNR requested that the TWC add eight species to this analysis that are not state or federally-listed, but are considered state conservation priority species (Table 43). Based on a review of the initial  draft of this report, two additional mussel species that are not state or federally listed but are state conservation priority species (yellow lampmussel and Roanoke slabshell) were also added to this analysis (Table 4-3).  The TWC agreed that SCE&G would conduct a literature-based review to determine habitat requirements for each of these species and compare those requirements with typical habitat types known to occur in the study area for this report.


The RT&E TWC met again on October 22, 2013 to discuss the Rare, Threatened and Endangered Species Desktop Assessment Study Plan (study plan in Appendix A; meeting notes in Appendix C). At this meeting, the TWC agreed to extend the study area to include areas of the Broad River downstream of the Project Boundary. More specifically, it was agreed that the  study area would include habitats within the Project Boundary (Project Area) (Figure 21), as well as the reach of the Broad River from Parr Shoals Dam through Frost Shoals, near Boatwrights Island (Figure 2-2). This area encompasses three counties in South Carolina: Newberry, Fairfield and Richland counties.


[image: J:\455\076\GIS\Parr Project Boundary.jpg]


[bookmark: _Ref390699411][bookmark: _Toc390855755][bookmark: _Toc395684612]Figure 21	Parr Hydroelectric Project Location Map






[bookmark: _Ref388620197][bookmark: _Toc390855756][image: J:\455\088\Docs\Parr RTE Study.jpg]


[bookmark: _Toc395684613]Figure 22	Downstream  RT&E Study Area





[bookmark: _Toc398806751]Methodology


As an initial step, the USFWS county-level listings for Newberry, Fairfield and Richland counties were reviewed to identify species potentially occurring in the study area that are federally listed as threatened or endangered under the US Endangered Species Act of 1972 (ESA), or are candidates for such listing. Similarly, SCDNR county-level listings for the three counties were also reviewed to identify species that are state listed under the South Carolina Nongame and Endangered Species Conservation Act of 1974. Bald eagle, which was removed from the federal endangered species list in 2007, was included in the assessment because of its continued protection under the Bald and Golden Eagle Protection Act of 1938. As previously noted, ten species that are considered priority species in the SCDNR’s Comprehensive Wildlife Conservation Strategy (SCDNR 2006), and are documented as occurring in the three counties of interest, were also added to the analysis (Table 43). Known ranges, life history and habitat requirements for each of these species were then summarized and compared to conditions occurring in the study area to determine the potential for occurrence and to identify potential project effects.





[bookmark: _Ref387397248]



[bookmark: _Toc398806752][bookmark: _Toc388620926]Species Descriptions and Analysis 


[bookmark: _Toc388620927][bookmark: _Toc398806753]Federally Listed Species


Ten species that are federally listed as threatened or endangered, or are candidates for such listing, are included on the USFWS county-level listings for the three counties of interest (Table 41). None of the federally listed species on Table 41 have critical habitat designated in the study area. Life history information and habitat requirements for these species, as well as their status within the study area and potential to be affected by continued operation of the Project, are summarized below.


[bookmark: _Ref390699898][bookmark: _Toc398806787]Table 41	Federally Listed and Candidate Species Occurring in Richland, Fairfield, and Newberry Counties, South Carolina (Source: USFWS 2013a)





			COMMON NAME


			SCIENTIFIC NAME


			FEDERAL STATUS1   


			STATE STATUS2


			COUNTIES





			Birds





			Bald eagle


			Haliaeetus leucocephalus


			P


			T


			Newberry, Fairfield, Richland





			Red-cockaded woodpecker


			Picoides borealis


			E


			E


			Richland





			Wood stork


			Mycteria americana


			E


			E


			Newberry, Richland





			Fish





			Atlantic sturgeon


			Acipenser oxyrinchus oxyrinchus


			E


			E


			Richland





			Shortnose sturgeon


			Acipenser brevirostrum


			E


			E


			Richland





			Invertebrates





			Carolina heelsplitter


			Lasmigona decorata


			E


			


			Newberry, Fairfield, Richland





			Plants





			Canby's dropwort


			Oxypolis canbyi


			E


			


			Richland





			Georgia aster


			Symphyotrichum georgianus


			C


			


			Fairfield, Richland





			Rough-leaved loosestrife


			Lysimachia asperulaefolia


			E


			


			Richland





			Smooth coneflower


			Echinacea laevigata


			E


			 


			Richland











1 	Federal Status – E (listed as Endangered under ESA); T (listed as Threatened under ESA); C (Candidate for Federal listing); SC (Federal Species of Concern); P (Federally protected).





2 State Status – E (state listed as endangered); T (state listed as threatened)


[bookmark: _Toc398806754]Bald Eagle


The bald eagle was removed from the federal list of threatened species in 2007 (USFWS 2007a) but remains protected as a state endangered species under the South Carolina Nongame and Endangered Species Conservation Act, and federally under the Bald and Golden Eagle Protection Act and Migratory Bird Treaty Act (16 U.S.C.668-668d) (72 FR 37345-37372). Bald eagles are found throughout North America, typically around water bodies, where they feed primarily on fish and carrion. Studies suggest that reservoirs, especially those associated with hydroelectric facilities, are particularly attractive to foraging bald eagles (Brown 1996). Eagles nest in large trees near water and typically repair and use the same nest for several years, (Degraaf and Rudis 1986). In South Carolina, the distribution of eagle nesting has expanded from the coast to encompass more inland areas. This expansion has been attributed to the construction of approximately 491,000 acres of large reservoirs in the state since the early 1900s (Wilde et al. 2003). In South Carolina, the number of estimated nesting pairs has increased from 13 in 1977 to 181 in 2003 (Wilde et al. 2003). 


Status in the Study Area


Bald eagles are commonly observed in the study area (SCE&G 2010), with Monticello and Parr reservoirs, as well as the lower Broad River, providing abundant foraging habitat. In addition, nine bald eagle nests are known to occur in the study area and the surrounding vicinity (SCE&G unpublished data) (Figure 41).


[image: ]














[bookmark: _Ref390934747][bookmark: _Toc395684614]Figure 41	Eagle Nest Locations in the Vicinity of the Parr Project





Determination of Effect


Continued operation of the Project is not likely to result in negative effects on eagle foraging or nesting. SCE&G tracks bald eagle nesting in the Project Area and utilizes this information to minimize potential impacts of various shoreline management activities on eagle nests. Specifically, SCE&G refrains from issuing shoreline permits for activities within 660 ft of an active nest during the nesting season (September through May) and 330 ft during the non-nesting season. This policy is in adherence to the USFWS habitat guidelines for nesting bald eagles (USFWS 2007b). SCE&G also frequently consults with USFWS Ecological Services staff regarding proposed activities in the vicinity of known nests.


[bookmark: _Toc398806755]Red-Cockaded Woodpecker


The red-cockaded woodpecker (RCW) is endemic to open, mature, and old growth pine ecosystems in the southeastern United States (USFWS 2003). Over 97% of the pre-colonial era RCW population has been eradicated, leaving only roughly 14,000 RCWs living in about 5,600 colonies scattered across eleven states, including South Carolina. RCW decline is generally attributed to a loss of suitable nesting and foraging habitats, including longleaf pine systems, due to logging, agriculture, fire suppression, and other factors (USFWS 2003). Suitable nesting habitat generally consists of open pine forests and savannahs with large, older pines and minimal hardwood midstory or overstory. Living trees, especially older trees that are susceptible to red-heart disease making them more easily excavated, provide the RCWs preferred nesting cavities. Suitable foraging habitat consists of open-canopy, mature pine forests with low densities of small pines, little midstory vegetation, limited hardwood overstory, and abundant bunchgrass and forb groundcover (USFWS 2003).


Status in the Study Area


There are no known reports of RCWs in areas surrounding the Project or along the lower Broad River. Further, there is no known longleaf pine savanna habitat in the study area.


Determination of Effect


Based on the lack of suitable habitat, it is very unlikely that this species occurs in the study area and thus would not be affected by continued operation of the Project.


[bookmark: _Toc398806756]Wood Stork


The wood stork is a large, colonial wading bird and is the only stork species that breeds in the United States (USFWS 1996). It was federally listed as endangered in 1984, primarily due to loss of wetland habitat throughout its range, but recently its status has been proposed for downlisting from endangered to threatened due to significant population recovery (USFWS 2012b). It uses a variety of wetlands for nesting, feeding, and roosting. Nesting colonies (rookeries) in South Carolina are typically surrounded by extensive palustrine forested wetlands. Nests are usually located in the upper branches of large black gum or cypress trees, and several nests are typically located in each tree. Like most wading birds, storks feed primarily on small fish. Shallow, open water is required for successful foraging, and depressions where fish become concentrated during periods of falling water levels are particularly attractive sites. Currently, nesting of the species in the United States is thought to be limited to the coastal plain of South Carolina, North Carolina, Georgia, and Florida (Murphy and Hand 2013), which is consistent with recent survey work that found no nesting on the adjacent Saluda Hydroelectric Project (Kleinschmidt 2005). 


Status in the Study Area


Periodic foraging of wood storks has been documented in the adjacent Saluda River Basin (Kleinschmidt 2005). Shallow backwaters in the study area, particularly in the upper reaches of the Parr Reservoir, may provide foraging habitat for transient wood storks. Although habitat is present, wood stork use of these areas has not been documented.


Determination of Effect


Project operations are expected to result in no effects on wood storks or their habitat. In fact, fluctuating water levels in Parr Reservoir could enhance foraging habitat by periodically trapping fish in shallow pool areas.


[bookmark: _Toc398806757]Atlantic Sturgeon


The Atlantic sturgeon is a large (up to 5.5m in length), long-lived (up to 60 years) anadromous species that was historically present in the Santee Basin at least as far inland as the fall line (Newcomb and Fuller 2001). The Carolina Distinct Population Segment of Atlantic sturgeon, which includes the Santee Basin population, is federally listed as endangered (77 FR 5914), primarily due to overharvesting for flesh and eggs (caviar) during the early to mid-20th Century, as well as habitat degradation and blockage of access to historical spawning grounds (NMFS1998a). 


The Atlantic sturgeon is considered estuarine anadromous, spending most of it life in estuarine and ocean environments and undertaking spawning migrations into riverine systems during late-winter and spring months (NMFS 1998a; Marcy et al. 2005). Spawning typically occurs over hard bottoms of clay, rubble, or gravel, with flowing water and temperatures of 14 - 24°C. After spawning, females typically return to estuarine environments within 4 to 6 weeks, while males may remain in the river through the fall. Juveniles of this species remain in the natal rivers for 3 to 5 years before migrating to the ocean (Marcy et al. 2005).


Status in the Study Area


Atlantic sturgeon were historically present at least as far inland as the fall line (Newcomb and Fuller 2001). Current upstream distribution in the Santee Basin is thought to be limited by the lack of passage for Atlantic sturgeon at the Santee Cooper Dams[footnoteRef:1]. This information indicates that this species does not occur in the Project study area.  [1:  Bill Post (SCDNR), personal communication, April 24, 2014. 	] 



Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc398806758]Shortnose Sturgeon


The shortnose sturgeon is federally listed as endangered and is thought to have occurred historically in the reach of the Broad River encompassed by the Project (Welch 2000, Newcomb and Fuller 2001). Shortnose sturgeon are amphidromous (semi-anadromous) spending portions of their life cycle in low salinity estuaries and portions in freshwater rivers (NMFS 1998b; Kynard 1997; Buckley and Kynard 1985). Shortnose sturgeon begin migrating to spawning areas of inland riverine reaches in the spring (typically mid-February through March in South Carolina) when water temperatures rise above 9 °C (Kynard 1997, Hall et al. 1991). Shortnose sturgeon spawning has been documented in the Congaree River near the City of Columbia over substrates of sand, gravel and rock, at temperatures ranging from 9.7-15.6°C, and dissolved oxygen concentrations of 10.6-12.5 mg/L (Collins et al. 2003).


Status in the Study Area


Population groups of shortnose sturgeon are known from downstream of the Santee-Cooper dams in the lower Santee and Cooper rivers (Collins et al. 2003). An additional dam-locked spawning population of shortnose sturgeon has been documented in the Santee-Cooper lakes (with Lake Marion and its tributaries harboring the most significant number of fish) and upstream in the Congaree River. Radio-telemetry studies have documented migration of shortnose sturgeon as far upstream on the Congaree as the Blossom Street Bridge adjacent to the City of Columbia (Finney et al. 2006).  However, consultation with SCDNR Diadromous Fish Program staff suggests that this occurrence was based on a small number of observations (2 fish) and that their radiotelemetry data suggest that shortnose sturgeon activity is primarily limited to areas downstream of Granby Lock and Dam[footnoteRef:2].  Granby Lock and Dam is located approximately one mile downstream of the Blossom Street Bridge and approximately 5 miles downstream of the Columbia Hydroelectric Project Fishway (fishway).  The fishway was designed to provide passage of blueback herring and American shad to historic spawning grounds in the Broad River downstream of Parr Shoals Dam and was intended to be “sturgeon friendly”.  Shortnose sturgeon have not been documented upstream of the Blossom Street Bridge in recent history, nor have any been documented passing into the study area through the fishway since annual monitoring began in 2007.  Radio-telemetry studies have documented migration of shortnose sturgeon as far upstream on the Congaree River as the Blossom Street Bridge adjacent to the City of Columbia and just downstream of the Columbia Hydropower Project and the confluence of the Broad and Saluda rivers (Finney et al. 2006); however, consultation with SCDNR staff indicates that this occurrence was related to one observation and that their radiotelemetry data suggest that shortnose sturgeon activity is primarily limited to areas downstream of Granby Lock and Dam[footnoteRef:3], an abandoned lock and dam located on the Congaree approximately 28 miles downstream of the Parr Project.  [2:  Bill Post (SCDNR), personal communication, April 24, 2014.]  [3: ] 



Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc398806759]Carolina Heelsplitter


The Carolina heelsplitter is the only South Carolina freshwater mussel currently listed as federally endangered (Price 2006). Although it was once found in large rivers and streams, the Carolina heelsplitter is now restricted to cool, clean, shallow, heavily shaded streams of moderate gradient. Stable streambanks and channels, with pool, riffle and run sequences, little or no fine sediment, and periodic natural flooding, appear to be required for the Carolina heelsplitter.


Status in the Study Area


Carolina heelsplitter is known to occur in isolated populations distributed in the Savannah, Pee Dee, and Catawba drainages and is not known to occur in the Broad River Basin (Price 2006) or within the study area.


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc398806760]Canby’s Dropwort


Canby’s dropwort is a perennial plant that grows in coastal plain habitats including wet meadows, wet pineland savannas, ditches, sloughs, and around the edges of cypress-pine ponds (USFWS 2010). The healthiest populations seem to occur in open bays or ponds, which are wet most of the year and have little or no canopy cover. Ideal soils for Canby's dropwort have a medium to high organic content and a high water table. They are also acidic, deep, and poorly drained.


Status in the Study Area


Canby’s dropwort is a coastal plain species and thus would not be expected to occur in the portion of Richland County occupied by the study area.  This assumption is consistent with result of surveys by Nelson (2006, 2007), which failed to document the species on the adjacent V.C. Summer Nuclear Station site.  No populations of Canby’s dropwort have been documented in the study area. The prime habitat for this species is coastal plain habitat and thus this species would not be expected to occur in the study area.	Comment by Hamstead, Byron A: Mention any surveys that have been conducted for it. Were any surveys or habitat evaluations conducted for VC Summer? 




Determination of Effect


Because Canby’s dropwort is not expected to occur in the study area, continued operation of the Project would likely result in no effect on the species.


[bookmark: _Toc398806761]Georgia Aster


Georgia aster is classified as a candidate for federal listing as threatened or endangered by the USFWS (2013b). Habitat for this species consists of dry, rocky woodlands, woodland borders, roadbanks, and powerline rights-of-way (Weakley 2012). It is thought to be a relict species of the post oak-savanna communities that existed in the southeast prior to fire suppression. 


Status in the Study Area


Although no site-specific occurrence data are available for the study area, Nelson (2006, 2007) found no Georgia aster on the adjacent V.C. Summer Nuclear Station but concluded that suitable habitat exists on the site. Georgia aster is also known from several locations on the nearby Sumter National Forest (USDA 2010).


Determination of Effect


Habitat for Georgia aster may exist within the Project study area; however, potential occurrences would be limited to terrestrial sites, which should not be affected by continued operation of the Project.


[bookmark: _Toc398806762]Rough-Leaf Loosestrife


Rough-leaved loosestrife generally occurs in the ecotones or edges between longleaf pine uplands and pond pine pocosins (areas of dense shrub and vine growth usually on a wet, peaty, poorly drained soil), on moist to seasonally saturated sands, and on shallow organic soils overlaying sand (NatureServe 2013). Rough-leaf loosestrife has also been found on deep peat in the low shrub community of large Carolina bays (shallow, elliptical, poorly drained depressions of unknown origin). The grass-shrub ecotone, where rough-leaf loosestrife is found, is fire-maintained, as are the adjacent plant communities (longleaf pine-scrub oak, savanna, flatwoods, and pocosin). Suppression of naturally occurring fire in these ecotones, results in shrubs increasing in density and height and expanding to eliminate the open edges required by this plant.


Status in the Study Area


The pine pocosin and Carolina bay environments required by this species do not occur in the Piedmont; therefore, rough-leaved loosestrife is extremely unlikely to occur in the study area.


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc398806763]Smooth Coneflower


Smooth coneflower is typically found in open woods, cedar barrens, roadsides, clearcuts, dry limestone bluffs, and power line rights-of-way, usually on magnesium and calcium rich soils associated with amphibolite, dolomite or limestone (in Virginia), gabbro (in North Carolina and Virginia), diabase (in North Carolina and South Carolina), and marble (in South Carolina and Georgia) (USFWS 2012a). Smooth coneflower occurs in plant communities that have been described as xeric hardpan forests, diabase glades, or dolomite woodlands. Optimal sites are 


characterized by abundant sunlight and little competition in the herbaceous layer. Natural fires, as well as large herbivores, historically influenced the vegetation in this species' range. Many of the herbs associated with smooth coneflower are also sun-loving species that depend on periodic disturbances to reduce the shade and competition of woody plants.


Status in the Study Area


The diabase glade habitat required by this species is not known to occur in areas around Monticello and Parr reservoirs or along the lower Broad River. Although no site-specific surveys have been performed, surveys by Nelson (2006, 2007) failed to document smooth coneflower on the adjacent V. C. Summer Nuclear Station project area and concluded that appropriate habitat for the species does not occur on the site. 


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc388620928][bookmark: _Toc398806764]State Listed Species


Three species that are state-listed as threatened or endangered are included on the SCDNR county-level listings for the three counties of interest (Table 42). Life history information and habitat requirements for these species, as well as their status within the study area and potential to be affected by continued operation of the Project, are summarized below.


[bookmark: _Ref390945780][bookmark: _Toc398806788]Table 42  	State-Listed Species Occurring in Richland, Fairfield, and Newberry Counties, South Carolina





			COMMON NAME


			SCIENTIFIC NAME


			FEDERAL STATUS


			STATE STATUS2


			COUNTIES





			Amphibians





			Pine Barrens tree frog


			Hyla andersonii


			


			T


			Richland





			Mammals





			Rafinesque's big-eared bat


			Corynorhinus rafinesquii


			


			E


			Richland





			Fish





			Carolina darter


			Etheostoma collis


			SC


			T


			Fairfield, Richland











 	Federal Status – E (listed as Endangered under ESA); T (listed as Threatened under ESA); C (Candidate for Federal listing); SC (Federal Species of Concern); P (Federally protected).





2	State Status – E (state listed as endangered); T (state listed as threatened)








[bookmark: _Toc398806765]Pine Barrens Tree Frog 


The pine barrens tree frog inhabits the swamps, bogs, and acidic brownwater streams of the New Jersey Pine Barrens, as well as the pocosins (shrub bogs) of the Carolinas (Conant and Collins 1991). This species is intolerant of closed-canopy conditions and is restricted to localized wetlands such as hillside seepage bogs within dry uplands, pine barrens, and headwater swamps and disperses along drainages within these areas (NatureServe 2013). Non-breeding habitat generally is in pine-oak areas adjacent to breeding habitat. Important egg-laying and larval habitats include open cedar swamps and sphagnaceous, shrubby, acidic, seepage bogs on hillsides below pine-oak ridges.


For southeastern populations, typical habitats are characterized by the topography, soils, and vegetation of the Carolina Sandhills, with pocosin or evergreen shrub swamps established along seeps and small streams within the surrounding longleaf pine-oak forest. Breeding habitat in South Carolina has been described as low vegetation with dense growth of Sphagnum mosses. Cely and Sorrow (1983) found that occurrences in South Carolina appeared to be restricted to the Fall Line Sandhills at elevations ranging between 61 and 122 m.


Status in Study Area


The area surrounding the Project lacks the Carolina sandhills habitat and associated bogs and pocosins required by this species; therefore it is extremely unlikely that Pine Barren tree frog would occur in the study area.


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc398806766]Rafinesque’s Big-eared Bat 


Rafinesque’s big-eared bat is a colonial bat species native to the southeastern U.S. Two subspecies are recognized in South Carolina, Corynorhinus rafinesquii rafinesquii in the mountains and Corynorhinus rafinesquii macrotis along the Coastal Plain (Bunch et al. 2006). Rafinesque’s big-eared bat is nocturnal, feeding primarily on moths by echolocation. Coastal plain and sandhills populations of the species utilize I-beam and T-beam bridges for roosting. Roosting in mountainous regions of the state occurs in large hollow trees (typically large tulip poplars), abandoned buildings and mines, rock shelters, and caves. Habitat in the Blue Ridge Mountains includes rock outcrops, mesic and cove hardwood forests, forested bottomlands, bottomland agricultural fields, dry deciduous forests, pine woodlands, and forested riparian areas. Coastal zone and sandhills habitats include black gum stands, bald cypress swap forests, maritime forests, and mature hardwood and mixed forests (Bunch et al. 2006).


Status in the Study Area


The range of Rafinesque’s big-eared bat in South Carolina includes the coastal plain and sandhills regions and the extreme northwestern Blue Ridge, with the piedmont representing a gap in the species’ distribution (Bunch et al. 2006). As such, it is extremely unlikely that this species would occur in the study area.


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area and because it is a terrestrial species.


[bookmark: _Toc398806767]Carolina Darter


The Carolina darter exists only in the Piedmont region from south-central Virginia through North Carolina into north-central South Carolina (Hayes and Bettinger 2006); it is state-listed as threatened and a federal species of concern. It occurs in small to moderately sized streams in areas of low current velocity, typically in backwaters among submerged tree roots or under leaves, where it feeds primarily on Chironomid larvae and micro-crustaceans. Preferred substrates are usually characterized by mud, sand, and sometimes bedrock (Rohde et al. 2009).


Status in the Study Area


The Carolina darter has been collected at several locations in the lower Broad River, including one that appears to be a tributary to Parr Reservoir (Rohde et al. 2009). However, extensive sampling by SCE&G and SCDNR in both Parr and Monticello reservoirs and in the downstream reach have failed to document this species (Kleinschmidt 2013a), suggesting that it may not occur in the study area or occurs in extremely low numbers not detected by previous sampling.


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc398806768]Selected South Carolina Conservation Priority Species


As previously noted, ten species that are considered state conservation priority species were also added to the analysis based on consultation with SCDNR and USFWS staff (Table 43). Life history information and habitat requirements for these species, as well as their status within the Project Vicinity and potential to be affected by continued operation of the Project, are summarized below.


[bookmark: _Ref390933276][bookmark: _Toc398806789]Table 43	Selected State Conservation Priority Species 


			Common Name


			Scientific Name


			State Priority Level1


			Federal Status2





			Newberry burrowing crayfish


			Distocambarus youngineri


			Highest


			ARS





			Robust redhorse


			Moxostoma robustum


			Highest


			ARS





			Piedmont darter


			Percina crassa


			High


			





			Seagreen darter


			Etheostoma thalassinum


			High


			





			Highfin carpsucker


			Carpiodes velifer


			Highest


			





			Quillback


			Carpiodes cyprinus


			High


			





			Santee chub


			Hybopsis zanema


			High


			





			Striped bass


			Morone saxatilis


			Moderate


			





			Yellow lampmussel


			Lampsilis cariosa


			Highest


			





			Roakoke slabshell


			Elliptio roanokensis


			High


			











1	Refers to conservation priority level as listed in SCDNR’s Comprehensive Wildlife Conservation Strategy (SCDNR 2006). 





2	ARS – At-Risk-Species. Refers to species that the USFWS has been petitioned to list and for which a positive 90-day finding has been issued (listing may be warranted), yet no Federal protections currently exist.





[bookmark: _Toc398806769]Newberry Burrowing Crayfish


The Newberry burrowing crayfish is a terrestrial crayfish of the genus Distocambarus and is endemic to South Carolina (Eversole and Welch 2006). Although knowledge of its habitat requirements is limited, Newberry burrowing crayfish has typically been found in poorly drained areas where the ground is saturated during the rainy season (November – March) (Eversole and Welch 2006; Hobbs and Carlson 1985). The species has been documented from a range of site types including low, moist woodlands, a machine-maintained powerline, and a manicured lawn. Sites are generally isolated from floodplains and streams, although some have been found in low moist areas near the headwaters of streams (colluvial valleys). Analyses performed by Welch and Eversole (2002) found a close association between occurrence of Newberry burrowing crayfish and the presence of a perched water-table, as well as presence of Chewacla, Worsham, Toccoa-Cartecay, Enon, and Sedgefield soil types (Eversole and Welch 2006).


Status in the Study Area


Currently, the Newberry burrowing crayfish is known from only 14 sites, all of which are located in Newberry County (Eversole and Welch 2006). The known range of the species encompasses portions of the Tyger, Enoree, Lower Broad, and Saluda River basins. Because this species is generally isolated from floodplains and streams, it is not expected to occur in the Project Area or in the downstream reach of the Broad River influenced by the Project. 


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc398806770]Robust Redhorse


The robust redhorse is a large, heavy-bodied sucker which was presumed extinct until being “rediscovered” during the initial stages of relicensing at Georgia Power’s Sinclair Hydroelectric Project (FERC No. 1951). Fisheries scientists knew little about its life history and habitat requirements. As a result, Georgia Power Company, along with state and federal resource agencies, other hydropower interests, and the Georgia Wildlife Federation, formed the Robust Redhorse Conservation Committee (RRCC) in 1995 to guide recovery efforts for the species in lieu of listing under the ESA. Subsequent research has produced valuable information about the robust redhorse and its habitat requirements. However, much research is still needed, as little is known about the habitat preferences of juvenile robust redhorse.


Based on recent studies, it appears that adult robust redhorse typically inhabit areas of the river where the current is moderately swift. Preferred habitat is riffle areas or in/near outside bends, where depths are greater and accumulations of logs and other woody debris are present (Evans 1997). Spawning typically occurs at water temperatures from 18 to 24° C, usually over gravel substrate in both deep and shallow water (Hendricks 1998).


Status in the Study Area


At this time, wild populations of robust redhorse are not know to exist in the Broad River (Lamprecht and Scott 2013).  Stocking of fingerlings began in 2004 at sites both above and below the Parr Shoals Dam (Lamprecht and Scott 2013), and rRobust redhorse have since been documented in both Parr and Monticello reservoirs, as well as the reach of the Broad River downstream of Parr Shoals Damdownstream reach of the Broad River (Table 44).  In addition, robust redhorse use of the fishway at the Columbia Hydroelectric Project has been documented (Kleinschmidt 2009, 2010, 2012, 2013, 2014), suggested that robust redhorse from the Congaree and potentially other areas of the lower Santee Basin are utilizing habitat in the reach of the Broad downstream of Parr Shoals Dam during the spawning season.    	Comment by Hamstead, Byron A: They have also been documented utilizing the Columbia Fishway, and will have continued access to the downstream reach of Parr Dam.




Determination of Effect


Habitat for robust redhorse is potentially affected by project flow releases and will be assessed as part of the proposed Instream Flow Incremental Methodology (IFIM) Study.


[bookmark: _Toc398806771]Piedmont Darter 


The piedmont darter is one of two species in the genus Percina found in South Carolina (Hayes and Bettinger 2006). It is typically found in cool to warm moderately-sized streams and rivers, usually in riffles with gravel or rock substrates (Rohde et al. 2009). Though a riffle dweller, this darter does not seem to favor extremely strong currents.


Status in the Study Area


The piedmont darter has been documented in the reach of the Broad River downstream of Parr Shoals Dam within the study area (Table 44).


Determination of Effect


Habitat for piedmont darter is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


[bookmark: _Toc398806772]Seagreen Darter


The seagreen darter is restricted to the Santee River drainage of the Carolinas (Hayes and Bettinger 2006). This species inhabits lower elevation tributaries in the mountain regions and is also found over a broad area of the upper piedmont in the Carolinas. It is less frequently found below the fall line in tributaries of the Congaree River. The seagreen darter favors a habitat of rock, rubble or gravel riffles in large creeks and rivers with moderate to swift currents, but has adapted to wide variations in temperature and water clarity.


Status in the Study Area


The seagreen darter has been documented in the reach of the Broad River downstream of Parr Shoals Dam within the study area (Table 44).


Determination of Effect


Habitat for seagreen darter is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


[bookmark: _Toc398806773]Highfin Carpsucker


The highfin carpsucker is distributed throughout the Lake Michigan drainage and Mississippi River Basin from Pennsylvania south to Louisiana (Self and Bettinger 2006). It also occurs on the Atlantic Slope from the Cape Fear River to Savannah River drainages and Gulf Slope drainages from Choctawhatchee River, Alabama and Florida to the Pearl River, Louisiana and Mississippi. The Atlantic Slope and Gulf Slope populations likely differ at the species level from those of the Mississippi and Lake Michigan drainages. In South Carolina, the highfin carpsucker occurs in the Broad and Congaree rivers in the upper Santee River Basin and the Savannah River. Historically the highfin carpsucker also occurred in the Pee Dee River; however, that population may have since been extirpated. The highfin carpsucker inhabits rivers in areas with moderate or swift current over sand or a gravel substrate (Rohde et al. 2009).


Highfin carpsucker population size and trends are not well known (Self and Bettinger 2006). There appear to be healthy populations with recruitment in the Broad River, Congaree River, and Savannah River. Preservation of populations in the Santee River is extremely important to the global preservation of the species given declining populations in the Cape Fear River and Pee Dee River (Self and Bettinger 2006).


Status in the Study Area


This species has been documented in both Parr Reservoir and the reach of the Broad River downstream of the Project (Table 44). 


Determination of Effect


Habitat for highfin carpsucker is potentially affected by project flow releases and will be assessed as part of IFIM Study.


[bookmark: _Toc398806774]Quillback


The quillback is found in warm, low- to moderate-gradient reaches of most major rivers, including upper portions of associated reservoirs (Lamprecht and Bettinger 2006). Quillback occur over varied substrates in rivers, but seldom over mud. They tend to occupy calm water; however, quillback may shift to swifter and deeper depths during low water. Quillback reportedly spawn in riffles, calm stream reaches and in floodplain bayous, laying eggs on gravel, sand, mud and organic matter. Quillback feed on insect larvae and other benthic organisms.


The quillback is distributed from the Great Lakes region in the St. Lawrence River, Hudson Bay and Mississippi River basins from Quebec to Alberta, Canada; south to Louisiana and west to Wyoming in the United States (Lamprecht and Bettinger 2006). It also occurs on the Atlantic slope from the Delaware River, New York, to the Altamaha River, Georgia. In gulf slope drainages, it occurs from the Apalachicola River in Florida and Georgia to the Pearl River in Louisiana. The southern Atlantic slope populations in South Carolina are reported in the upper portions of the three major South Carolina drainages: the Pee Dee, Santee, and Savannah. Fish from these populations are likely distinct from those of the interior basin and gulf slope drainages (Lamprecht and Bettinger 2006).


Status in the Study Area


Quillbacks have been documented in both Parr and Monticello reservoirs, as well as the downstream reach of the Broad River (Table 44). 


Determination of Effect


Habitat for quillback is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


[bookmark: _Toc398806775]Santee Chub 


The Santee chub is restricted to the Santee River drainage within South Carolina, primarily in the piedmont and Blue Ridge foothills (Hayes and Bettinger 2006). A few populations of Santee chub found in the coastal plain represent an undescribed species known as the “thinlip” chub. Outside of South Carolina, “thinlip” chub is also found in the Cape Fear River drainage of North Carolina. The Santee chub inhabits small to medium sized streams with sand and rocky runs or current-swept pools. This species seems to be able to tolerate more turbid and warm waters than its close relative, the big-eye chub, Hybopsis amblops.


Status in the Study Area


Santee chub has been documented in the reach of the Broad River downstream of Parr Shoals Dam within the study area (Table 44).


Determination of Effect


Habitat for Santee chub is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


[bookmark: _Toc398806776]Striped Bass


The sStriped bass is an anadromous species native to the Atlantic slope, with natural populations residing in saltwater and migrating to medium to large freshwater rivers annually to spawn.  It has been widely introduced or has remnant populations in impounded river systems, with some systems, including the Santee River Basin, supporting naturally-reproducing, damlocked populationsinhabit medium to large rivers; they are also found in impoundments, where they have been introduced, but are often unable to complete their life cycle (Sessions et al. 2006). In freshwater, tThey prefer to occupy areas with clean sandy bottoms, fine gravel and rock. Adult striped bass have a thermal tolerance of 6 to 27° C, but seek temperatures between 18 to 25°C when available. During spawning, striped bass occupy shallow rocky and gravely areas with strong turbulent water flow. Striped bass eggs are semibouyant; they drift and sink slowly requiring moderate current to keep the eggs from settling to the bottom and dying before they are hatched in one to three days. Optimum water temperatures for successful striped bass egg hatching and survival is 17 to 18°C (Sessions et al. 2006).	Comment by Hamstead, Byron A: It is relevant to mention here that the fish is anadromous, spawning occurs in freshwater, and adults naturally reside in saltwater.
 



Status in the Study Area


Striped bass are regularly observed passing through the Columbia Hydroelectric Project fishway into the reach of the Broad downstream of Parr Shoals Dam (Kleinschmidt 2009, 2010, 2011, 2012, 2013) and have been documented from the study area during electrofishing have been recently documented in the reach of the Broad River downstream of Parr Shoals Dam within the study area (Table 44).	Comment by Hamstead, Byron A: The fishway at Columbia may also facilitate the continued presence of striped bass in the reaches downstream of the Parr Dam  




Determination of Effect


[bookmark: _Ref388451078]Habitat for striped bass is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


 


[bookmark: _Ref390931068][bookmark: _Toc398806790]Table 44	Documented Occurrence of Selected State Conservation Priority Fish Species in Monticello Reservoir, Parr Reservoir and the Downstream Reach of the Broad River (Source: Normandeau 2007, 2008, 2009; SCANA 2013; Bettinger et al. 2003; Kleinschmidt 2013a)





			Common Name


			Scientific Name


			Parr


			Monticello


			Broad River





			Robust redhorse


			Moxostoma robustum


			x


			x


			x





			Piedmont darter


			Percina crassa


			


			


			x





			Seagreen darter


			Etheostoma thalassinum


			


			


			x





			Highfin carpsucker


			Carpiodes velifer


			x


			


			





			Quillback


			Carpiodes cyprinus


			x


			x


			x





			Santee chub


			Hybopsis zanema


			


			


			x





			Striped bass


			Morone saxatilis


			


			


			x











[bookmark: _Toc398806777]Yellow Lampmussel


The yellow lampmussel is a freshwater species that is found primarily in medium to large rivers and streams. Preferred habitat includes a variety of substrates such as silt or sand, gravel bars, and in the bedrock cracks of both large and small rivers and streams (Price 2006b).  The range of this species extends from the Ogeechee River in Georgia to Nova Scotia, with distribution in South Carolina spanning the Savannah, Broad, Wateree, Congaree, and Pee Dee River basins (Bogan and Alderman 2008, Price et al. 2009, Kleinschmidt 2013b).





Gravid yellow lampmussels observed in the Congaree River in 2007, were reported to release their glochidia between June and July (Price et al. 2009). These animals are long-term brooders that attract piscivorous hosts with mantle lure display.  Broad River host trials indicate that Moronids like striped bass and white bass are likely natural hosts for yellow lampmussel, though Centrarchids may also be viable hosts (Price et al. 2009). 






Status in the Study Area


In 2007, 60 sites were surveyed for mussels on the Broad and Congaree rivers from Cayce on the Congaree to 5 river miles south of the North Carolina border on the Broad. Six sites were surveyed between Parr Dam and Columbia Dam, and seven sites were sampled in the Parr Reservoir.  However, only nine individuals were collected from three sites located 2-3 river miles downstream of the confluence of the Broad and Saluda rivers (Price et al. 2009).  Alderman (2006) documented similar numbers of yellow lampmussels from the upper Congaree River, with 3 live individuals documented at five sites between the Broad/Saluda confluence and the Cayce Boat Landing.  


In 2012, 13 sites just downstream from the Parr Shoals Dam were surveyed on the northeast side of Hampton Island (Alderman and Alderman 2012).  This survey reported two sites where yellow lampmussel was present (CPUE ranging from 0.5-0.57 mussels/surveyor-hour).  This location represents the uppermost extent of yellow lampmussel’s known range in the Broad River.    


Determination of Effect


Yellow lampmussel occupying the Broad River directly downstream of the Parr Shoals powerhouse are potentially affected by a range of factors typically associated with hydropower tailwaters.  These include increased shear stresses from turbine releases, potential water quality changes associated with reservoir releases, and habitat changes associated with periodic curtailments of flow.  However, Alderman and Alderman (2012) reported that the mussel assemblage directly downstream of the Parr Shoals Dam (the only site within the study area where yellow lampmussel has been reported)  represents the highest freshwater mussel diversity recorded in the Broad River Sub-basin in North and South Carolina upriver from the Columbia Hydrelectric Project.  Further, the tailrace is the only location above the Columbia Hydroelectric Project where yellow lampmussel appears to have persisted.  Although densities of yellow lampmussel were low, the overall abundance and diversity of mussels observed suggests that the tailrace may actually be serving as a sanctuary for freshwater mussels.   Densities of this species are relatively low at this location, but it appears that the Project has limited impacts (or no negative effects) on those populations within the study area.  	Comment by Hamstead, Byron A: I am not sure I can agree with this. I do not think you have presented enough information to support this conclusion.  To reiterate my comment above, I think that the dam may be playing a major role in limiting the upward distribution of the species via impediment to infested host fishes.


[bookmark: _Toc398806778]Roanoke Slabshell


The Roanoke slabshell is found in large rivers, but can occasionally be found in small creeks.


The Roanoke slabshell is able to tolerate large variations in flow levels and higher water temperatures, making it able to survive in some locations near dams and hydroelectric plants. It has experienced large die offs when the plants generate extremely low flows and cause levels of oxygen to drop (Price 2006).


The host fish for this species are still somewhat speculative, but it is thought that it parasitizes a diadromous fish host. Moreover, host studies conducted for Roanoke slabshell only showed successful transformation on blueback herring (most successful), gizzard shad, and white perch although a suite of taxa (ictalurids, cyprinids, centrarchids, catastomids, and anguillids) were co


Status in the Study Area


In 2007, 60 sites were surveyed for mussels on the Broad and Congaree rivers from Cayce to 5 river miles south of the North Carolina border. Six sites were surveyed between Parr Shoals Dam and Columbia Dam seven in Parr Reservoir, and 13 sites below the Columbia Dam near the confluence of the Broad and Saluda rivers.  Of these 60 sites, Roanoke slabshell was restricted to 194 live individuals from eight sites below the Columbia Dam (CPUE ranging from 1-62 mussels/surveyor-hour) and one individual from one site in Cherokee County, SC (Price et al. 2009).  


In 2012, 13 sites just downstream from the Parr Shoals Dam were surveyed on the northeast side of Hampton Island (Alderman and Alderman 2012). This survey reported nine sites where Roanoke slabshell were present (CPUE ranging from 4-18 mussels/surveyor-hour), representing the healthiest, upper-most, extent of its presently known range in the Broad River (Alderman 2009).


Determination of Effect


As previously noted, Alderman and Alderman (2012) reported that the mussel assemblage found in the Parr tailrace represents the highest freshwater mussel diversity recorded in the Broad River Sub-basin in North and South Carolina upriver from the Columbia Hydrelectric Project.  Further, the tailrace was the only location upstream of Columbia Hydroelectric Project dam where Roanoke slabshell has been documented (Alderman and Alderman 2012, Price 2010).  Finally, juvenile Roanoke slabshell were documented by Alderman and Alderman (2012), suggesting that reproduction and recruitment are occurring in the tailrace area.  These data suggest that the project in unlikely to be resulting in any negative effects to the Roanoke slabshell population in the tailrace, but rather may be serving as a refuge for this and other mussel species.  	Comment by Hamstead, Byron A: My two comments above apply to this species as well.














[bookmark: _Toc398806779]Summary


[bookmark: _GoBack]Of the 13 state- and federally-listed and candidate species, habitat requirements and known occurrence data suggest that only the bald eagle likely occurs in the study area with any regularity. Wood storks may periodically utilize portions of the study area of seasonal foraging (primarily by post-dispersal migrants during the summer months); however, this usage is expected to be sporadic and ephemeral. Habitat for Georgia aster has been noted on the adjacent V.C. Summer Nuclear Station site and on nearby U.S. Forest Service lands, suggesting that habitat may also exist within the Project study area. Potential occurrences of Georgia aster would be limited to terrestrial sites, which would not be affected by continued operation of the Project. Finally, several fish species that are not state- or federally-listed, but are classified as priority conservation species have been documented from the study area. Habitat requirements for these species will be assessed as part of the proposed IFIM study. Information from this study will be considered in developing Protection, Mitigation, and Enhancement measures.
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Responses to the USFWS Comments on the Parr Hydroelectric Rare Threatened, and Endangered Final Report -






Introduction



The USFWS provided comments on the draft Rare, Threatened and Endangered Species (RT&E) Assessment via email on August 24, 2014.   To the extent practicable, those comments have been incorporated in the updated RT&E Assessment (see track changes in attached document).  For comments that SCE&G did not incorporate, we offer the following responses:  


From the RTE Report – Page 13 – [Wood Stork] Determination of Effect



Project operations are expected to result in no effects on wood storks or their habitat. In fact, fluctuating water levels in Parr Reservoir could enhance foraging habitat by periodically trapping fish in shallow pool areas.



USFWS Comment



Have the waterfowl management areas been surveyed for wood stork? How might management of these areas affect nesting/foraging birds that might occur in the area? 



SCE&G Response



Currently the waterfowl management areas have not been surveyed for wood storks.  Nesting of this species has not been document outside of the Coastal Plan, suggesting that any potential activity in the Project vicinity would be limited to sporadic use by non-nesting individuals.  This assumption is consistence with extensive aerial surveys conducted at the nearby Saluda Hydro Project.  The Saluda Hydro surveys documented periodic foraging by small numbers of storks  in ephemeral floodplain pools and wetlands along the Saluda River above Lake Murray, but no nesting.  Foraging was observed during the post-dispersal period during the late-summer months, when storks often move through inland areas to exploit ephemeral food sources.   Also of note is that the management areas referenced are managed by the South Carolina Department of Natural Resources (SCDNR), not SCE&G.


---------------------------------------



From the RTE Report – Page 14 – [Atlantic sturgeon] – Status in the Study Area



Atlantic sturgeon was historically present at least as far inland as the fall line (Newcomb and Fuller 2001). Current upstream distribution in the Santee Basin is thought to be limited by the lack of passage for Atlantic sturgeon at the Santee Cooper Dams. This information indicates that this species does not occur in the Project study area. 



USFWS Comment



 While information indicates that the species does not presently occur in the project area, it may be present within the term of the project’s new license as the agencies have established a goal of restoring diadromous fish populations and providing access to historic spawning/foraging habitats in the Santee River basin. Likewise, the effect of project operation may change within the term of the Project’s new license.



SCE&G Response



We agree that the Atlantic sturgeon (AS) is included as a target in the Santee Basin Restoration Plan, but our consultation with the SCDNR to date has indicated that AS are generally considered not present or present in very low numbers upstream of Santee Cooper Hydroelectric Project (See April 24, 2014 meeting notes from call with Bill Post). Further, it should be noted that two independent reviews of diadromous fish ranges have noted that historic accounts of sturgeon in the Broad River fail to differentiate between AS and shortnose sturgeon (SNS), leaving some doubt as to whether this species occurred in significant numbers historically upstream of the fall line in SC (Newcomb and Fuller, 2001; USFWS, SCDNR and NOAA – Fisheries, 2001). Though the presence of AS may be possible at some level and at some point during the project's new license, the future effects of project operations is limited at best. If AS were documented passing through the Columbia Hydroelectric Project Fishway and established a presence upstream of the Columbia Diversion Dam during the life of the new license, SCE&G would initiate consultation with the appropriate state and federal agencies. SCE&G is and will continue to consult with NOAA Fisheries – NMFS pursuant to that agency’s jurisdiction for this species.   


---------------------------------------



From the RTE Report – Page 29-30 –[Yellow Lampmussel] Determination of Effect 



Yellow lampmussel occupying the Broad River directly downstream of the Parr Shoals powerhouse are potentially affected by a range of factors typically associated with hydropower tailwaters.  These include increased shear stresses from turbine releases, potential water quality changes associated with reservoir releases, and habitat changes associated with periodic curtailments of flow.  



USFWS Comment



Impediment to upstream distribution of infested host fishes is a major factor potentially limiting the distribution of this species.



SCE&G Response


This Determination of effect utilizes the mussel populations as they presently exist as the environmental baseline, which is consistent with FERC relicensing guidelines.  


--------------------------------------



From the RTE Report – Page 29 – [Yellow Lampmussel] Determination of Effect



Densities of this species are relatively low at this location, but it appears that the Project has limited impacts (or no negative effects) on those populations within the study area.  



From the RTE Report – Page 30 –[Roanoke Slabshell]  Determination of Effect



From this information, it appears that the Project has limited impacts (or no negative effects) on those existing populations within the study area.  



USFWS Comment



I am not sure I can agree with this. I do not think you have presented enough information to support this conclusion.  To reiterate my comment above, I think that the dam may be playing a major role in limiting the upward distribution of the species via impediment to infested host fishes.



SCE&G Response



In our report we address existing populations of RT&E species within the study area.   Your comment is based on historic species distribution and pre-project conditions, which is not consistent with FERC relicensing guidelines. 






From: Hamstead, Byron
To: Henry Mealing
Cc: ARGENTIERI, WILLIAM R; Shane Boring; Kelly Miller
Subject: Re: Delivery delayed:County Species List
Date: Tuesday, September 01, 2015 7:19:27 AM
Attachments: image001.png


Apologies Henry.  I included the Union County list b/c the PBL includes the confluence of the
 Broad and Enoree Rivers.  I mistook the Union county line to extend down to the Enoree-
Broad River confluence.


Byron 


                                                 


Byron Hamstead
Fish and Wildlife Biologist
USFWS Charleston Field Office
176 Croghan Spur Rd., Suite 200
Charleston, SC, 29407


843-727-4707 ext. 205


This email correspondence an any attachments to and from this sender is subject to the
 Freedom of Information Act and may be disclosed to third parties.


On Mon, Aug 31, 2015 at 7:14 PM, Henry Mealing
 <Henry.Mealing@kleinschmidtgroup.com> wrote:


Byron,


 


I took a closer look at all of the items you sent me and I noticed that you included Union
 County as one of the counties in the project influence.  The project doesn’t touch Union
 County and we will remove any species from the list that are associated with that specific
 county list.  The major inclusions of species to evaluate are the At Risk Species (ARS).  We
 will add an additional section to cover these species including a short write up – known
 presence within the PBL – if the project will affect the species.


 


Thanks again for the complete list.  We will get started on this right away.


 


Henry


Henry Mealing
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From: Hamstead, Byron [mailto:byron_hamstead@fws.gov] 
Sent: Monday, August 24, 2015 10:05 AM
To: ARGENTIERI, WILLIAM R <BARGENTIERI@scana.com>
Cc: Henry Mealing <Henry.Mealing@KleinschmidtGroup.com>
Subject: Re: Delivery delayed:County Species List


 


Hi Bill,


 


Per Henry's request, attached is a .xlsx list of federal priority species that may be impacted
 by the Parr Project.  These species were pulled from the USFWS's county lists (Union,
 Fairfield, Newberry, and Richland Counties), Birds of Conservation Concern (2008) for
 Bird Conservation Region 29 (Table 27), and our July 9, 2014 proposal to include two
 mussels for consideration by the RT&E TWC.  County lists and other reference documents
 are attached for your records.  Please let me know if you have any questions.


 


Thanks,


Byron


 


     



http://www.kleinschmidtusa.com/

mailto:byron_hamstead@fws.gov

mailto:BARGENTIERI@scana.com





                                                 


 


Byron Hamstead


Fish and Wildlife Biologist


USFWS Charleston Field Office


176 Croghan Spur Rd., Suite 200


Charleston, SC, 29407


 


843-727-4707 ext. 205


 


This email correspondence an any attachments to and from this sender is subject to the
 Freedom of Information Act and may be disclosed to third parties.


 


On Mon, Jun 29, 2015 at 1:08 PM, ARGENTIERI, WILLIAM R
 <BARGENTIERI@scana.com> wrote:


Done


 


His new email address is Henry.Mealing@KleinschmidtGroup.com.


 


 


From: Thomas McCoy [mailto:thomas_mccoy@fws.gov] 
Sent: Friday, June 26, 2015 3:13 PM
To: ARGENTIERI, WILLIAM R
Subject: FW: Delivery delayed:County Species List


 


***This is an EXTERNAL email. Please do not click on a link or open any
 attachments unless you are confident it is from a trusted source.
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Hi Bill,


??


Can you send to Henry the species list?


It bounced back.


Tom


??


NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
 Information Act and may be disclosed to third parties. ??


??


From: Microsoft Outlook [mailto:postmaster@doi.gov] 
Sent: Friday, June 26, 2015 2:55 PM
To: thomas_mccoy@fws.gov
Subject: Delivery delayed:County Species List


??


Delivery is delayed to these recipients or groups:


Henry Mealing (HMealing@kassociates.com)


Subject: County Species List


This message hasn't been delivered yet. Delivery will continue to be attempted.


The server will keep trying to deliver this message for the next 1 days, 19 hours and 55 minutes.
 You'll be notified if the message can't be delivered by that time.
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From: Bill Marshall
To: Kelly Kirven
Subject: RE: Parr-Fairfield Operations Modeling System - Addendum 2
Date: Friday, April 08, 2016 10:45:14 AM

Hi Kelly,
This addendum-2 report seems clear.
We are wondering if graphs are available to describe the historic and future load scenarios, and
perhaps such graphs could be added to the report. This is just a suggestion.
Thanks,
Bill

From: Kelly Kirven [mailto:Kelly.Kirven@KleinschmidtGroup.com] 
Sent: Friday, March 25, 2016 7:17 AM
To: Alex Pellett ; Alison Jakupca ; ARGENTIERI, WILLIAM R ; Bill Marshall ; Bill Stangler
(CRK@congareeriverkeeper.org) ; BRESNAHAN, AMY ; Bret Hoffman ; Bruce Halverson ; Dick Christie
(dchristie@comporium.net) ; Frank_Henning@nps.gov; Gerritt Jobsis (gjobsis@americanrivers.org) ;
Greg Mixon ; Henry Mealing ; J. Hagood Hamilton Jr. (jhamilton@scana.com) ; Jay Maher ; Joe
Wojcicki ; Karen Swank Kustafik (kakustafik@columbiasc.net) ; Kelly Kirven ; Lorianne Riggin ;
Malcolm Leaphart (mwleapjr@att.net) ; Pace Wilber (Pace.Wilber@noaa.gov) ;
rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com) ; randy mahan
(rmahan@sc.rr.com) ; Scott Harder ; Steve Summer ; STUTTS, BRANDON G ; Tom McCoy
(thomas_mccoy@fws.gov) ; Wayne and Ginny Boland (wayneboland@bellsouth.net) 
Subject: Parr-Fairfield Operations Modeling System - Addendum 2
Good morning,
Attached is the Parr-Fairfield Operations Modeling System – Addendum 2. Please review and let me

know of any comments or edits you may have by Friday, April 8th.
Thanks,
Kelly
Kelly Miller Kirven
Regulatory Coordinator

Office: 803.462.5633
Cell: 803.917.4528
www.KleinschmidtGroup.com

mailto:MarshallB@dnr.sc.gov
mailto:Kelly.Kirven@KleinschmidtGroup.com
http://www.kleinschmidtusa.com/


From: Bill Marshall
To: Kelly Kirven; Alex Pellett; Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Stangler

(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; btrump@scana.com; Caleb Gaston
(caleb.gaston@scana.com); Charlene Coleman (cheetahtrk@yahoo.com); Chuck Hightower
(hightocw@dhec.sc.gov); Dick Christie (dchristie@comporium.net); Edye Joyner; Erich Miarka
(erich.miarka@gillscreekwatershed.org); Frank_Henning@nps.gov; Gerrit Jobsis (gjobsis@americanrivers.org);
Greg Mixon; Henry Mealing; J. Hagood Hamilton Jr. (jhamilton@scana.com); Jaclyn Daly
(Jaclyn.Daly@noaa.gov); Jay Maher; Jeff Carter (jmcarter00@sc.rr.com); Joe Wojcicki; John Fantry
(jfantry@bellsouth.net); Jon Durham (jondurham@bellsouth.net); Karen Swank Kustafik
(kakustafik@columbiasc.net); Lorianne Riggin; Malcolm Leaphart (mwleapjr@att.net); Mark Davis; Merrill
McGregor (merrillm@scccl.org); Pace Wilber (Pace.Wilber@noaa.gov); rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Robert Stroud; Rusty Wenerick
(weneriwr@dhec.sc.gov); Scott Collins (secollins@scana.com); Steve Summer; STUTTS, BRANDON G;
tboozer@scana.com; Wayne and Ginny Boland (wayneboland@bellsouth.net); William Hendrix
(HendrixWB@dot.state.sc.us)

Subject: RE: draft Downstream Navigational Flow Assessment
Date: Thursday, April 14, 2016 3:15:37 PM

Hi Kelly, I have a few comments to offer.
I think the Navigational Flow Assessment provides useful information, and DNR staff will want to
consider these results in combination with the Instream Flow Study findings as we further evaluate
future flow needs below Parr hydro.
In addition, I think this navigational flow assessment at the two ledges may not capture the more
complicated navigational obstruction presented in shoal complexes such as those in the upper
Bookman Island complex, particularly the shoals just upstream of Hickory Island (see attached
image). I’d be interested in seeing how the Instream Flow Study data collected for Study Site 10
(Bookman Island Complex, 2D data collection) might help us to evaluate navigational flow conditions
for that area. Please let us know if those other data might be useful to further evaluating the
navigation issues.
Thank you,
Bill Marshall
SCDNR
803-734-9096

From: Kelly Kirven [mailto:Kelly.Kirven@KleinschmidtGroup.com] 
Sent: Friday, April 01, 2016 10:37 AM
To: Alex Pellett ; Alison Jakupca ; ARGENTIERI, WILLIAM R ; Bill Marshall ; Bill Stangler
(CRK@congareeriverkeeper.org) ; BRESNAHAN, AMY ; btrump@scana.com; Caleb Gaston
(caleb.gaston@scana.com) ; Charlene Coleman (cheetahtrk@yahoo.com) ; Chuck Hightower
(hightocw@dhec.sc.gov) ; Dick Christie (dchristie@comporium.net) ; Edye Joyner ; Erich Miarka
(erich.miarka@gillscreekwatershed.org) ; Frank_Henning@nps.gov; Gerrit Jobsis
(gjobsis@americanrivers.org) ; Greg Mixon ; Henry Mealing ; J. Hagood Hamilton Jr.
(jhamilton@scana.com) ; Jaclyn Daly (Jaclyn.Daly@noaa.gov) ; Jay Maher ; Jeff Carter
(jmcarter00@sc.rr.com) ; Joe Wojcicki ; John Fantry (jfantry@bellsouth.net) ; Jon Durham
(jondurham@bellsouth.net) ; Karen Swank Kustafik (kakustafik@columbiasc.net) ; Kelly Kirven ;
Lorianne Riggin ; Malcolm Leaphart (mwleapjr@att.net) ; Mark Davis ; Merrill McGregor
(merrillm@scccl.org) ; Pace Wilber (Pace.Wilber@noaa.gov) ; rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com) ; randy mahan (rmahan@sc.rr.com) ; Robert Stroud ; Rusty Wenerick
(weneriwr@dhec.sc.gov) ; Scott Collins (secollins@scana.com) ; Steve Summer ; STUTTS, BRANDON
G ; tboozer@scana.com; Wayne and Ginny Boland (wayneboland@bellsouth.net) ; William Hendrix
(HendrixWB@dot.state.sc.us) 
Subject: draft Downstream Navigational Flow Assessment
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Good morning,
Attached is the draft Downstream Navigational Flow Assessment. Please review and submit any

comments or edits by Friday, April 15th. We will discuss this document at the upcoming Recreation
TWC meeting, to be scheduled for some time in May.
Thanks,
Kelly
Kelly Miller Kirven
Regulatory Coordinator

Office: 803.462.5633
Cell: 803.917.4528
www.KleinschmidtGroup.com

http://www.kleinschmidtusa.com/


From: Dick Christie
To: Henry Mealing; Bill Marshall
Cc: Bill Argentieri - SCE&G (BArgentieri@scana.com); RAYMOND R AMMARELL (RAMMARELL@scana.com); Kelly

Kirven; Jordan Johnson
Subject: RE: Parr Shoals nvigation study questions
Date: Wednesday, March 08, 2017 4:41:22 PM

Thanks, Henry - this is very helpful.
 

From: Henry Mealing [mailto:Henry.Mealing@KleinschmidtGroup.com] 
Sent: Wednesday, March 08, 2017 4:39 PM
To: Dick Christie; Bill Marshall
Cc: Bill Argentieri - SCE&G (BArgentieri@scana.com); RAYMOND R AMMARELL
(RAMMARELL@scana.com); Kelly Kirven; Jordan Johnson
Subject: RE: Parr Shoals nvigation study questions
 
Dick,
 
We went ahead and calculated the distance at 800 and 900 cfs for the Ledge 2 navigation
transect.  See attached file.
 
Henry
 
 

From: Dick Christie [mailto:ChristieD@dnr.sc.gov] 
Sent: Thursday, February 23, 2017 3:09 PM
To: Henry Mealing <Henry.Mealing@KleinschmidtGroup.com>
Subject: RE: Parr Shoals nvigation study questions
 
Hi Henry - what took you so long? Just kidding. Assuming we would like to meet 100 of the
navigation flow at ledge 2, we are trying to determine what flow would have to be released at the
dam to do that. Alex is looking into the contribution from the watershed downstream of Parr
Reservoir and the tributaries - which we know won't add a whole lot, but may get us under 1,000 at
the dam.  And the 700 flow appears to meet the 1' criteria for 66.1 of 80 feet (82%), which is not too
bad. How much trouble would it be to calculate the blocks for a 800 cfs flow?
 
Thanks.
 
 

From: Henry Mealing [mailto:Henry.Mealing@KleinschmidtGroup.com] 
Sent: Thursday, February 23, 2017 1:52 PM
To: Dick Christie; Bill Marshall
Cc: Bill Argentieri - SCE&G (BArgentieri@scana.com); RAYMOND R AMMARELL
(RAMMARELL@scana.com); Jordan Johnson; Kelly Kirven; Alison Jakupca
Subject: FW: Parr Shoals nvigation study questions
 
 
Dick and Bill,

mailto:ChristieD@dnr.sc.gov
mailto:Henry.Mealing@KleinschmidtGroup.com
mailto:MarshallB@dnr.sc.gov
mailto:BArgentieri@scana.com
mailto:RAMMARELL@scana.com
mailto:Kelly.Kirven@KleinschmidtGroup.com
mailto:Kelly.Kirven@KleinschmidtGroup.com
mailto:Jordan.Johnson@KleinschmidtGroup.com
mailto:ChristieD@dnr.sc.gov
mailto:Henry.Mealing@KleinschmidtGroup.com
mailto:Henry.Mealing@KleinschmidtGroup.com
mailto:BArgentieri@scana.com
mailto:RAMMARELL@scana.com


 
Question 1.  The bathymetry data for the 3-D plots of the navigation area were collected with
an ADCP unit at a flow of  approximately 6,500 cfs.  The flow and Water Surface Elevation
(WSEL) was measured at each collection site during collections.  The way we determined the
WSEL for the 1,000, 700, and 500 cfs is from the Level Logger discharge relationship that we
developed during the IFIM study.  We positioned a Level Logger at each of the navigation
transects early in the study just to answer that question.  We selected the 1,000, 700, and 500
WSELs for our analysis because we had really good data (accuracy and frequency) for those
data points and we didn’t need to go any higher to meet the passage guidelines.
 
This is one of the reasons that we included a field observation for those two navigation
contrictions built into the study.  Just to verify that all our calculations we giving us what we
expected.
 
Question 2:  The exact distances across the transect that is 12 inches deep by “block” (Block A
on the left – Block B on the right) and total width added together are as follows:
                            Block A              Block B               Total
Flow 1,000 cfs:  72.32 ft              9.67 ft                 81.99 ft
Flow 700 cfs:     66.21 ft               0.0                       66.21 ft
Flow 500 cfs:     31.69 ft               0.0                       31.69 ft
 

 
Please let me know if this does not answer your questions adequately or if you want to talk
through any specifics.
 
Henry
 
 



From: Dick Christie [mailto:ChristieD@dnr.sc.gov] 
Sent: Thursday, February 23, 2017 11:55 AM
To: Henry Mealing <Henry.Mealing@KleinschmidtGroup.com>
Cc: Bill Marshall <MarshallB@dnr.sc.gov>
Subject: Parr Shoals nvigation study questions
 
Hi Henry - hope you are doing well. I have a couple of questions regarding the navigation flow study
conducted for the Parr Shoals relicensing. First, my understanding is the flows that were evaluated
 (500, 700, and 1000 cfs) at the two sites represent flows at those sites and not from the dam; and 2)
based on Figure 4 (the graph for ledge 2 at 500 cfs), it appears that a flow of 700 cfs would  provide
at least 12 inches of water depth for much of the channel width - can you determine how much?
   Thanks.
 
Dick Christie
SCDNR
1771 Highway 521 bypass S.
Lancaster, SC 29720
(803)609-7014
 

mailto:ChristieD@dnr.sc.gov
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From: Bill Marshall
To: Bill Argentieri; Henry Mealing; Kelly Kirven
Subject: DNR notes for March 28-30 PME meetings - Parr Relicensing
Date: Tuesday, April 04, 2017 6:30:02 PM
Attachments: DNR PMEs recommended at March 28-30 mtgs Parr(2).docx

Bill, Henry and Kelly,
I am attaching some notes which are intended to help clarify DNR comments and recommendations made during the
March 28 and 30 meetings to address the agenda item “other PME measures (not previously proposed)”.
I hope these notes will be useful to compiling the meeting summary. Let us know if you have questions. Thanks.
                                                                                                                                                                                                                     
Bill Marshall
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Other PM&E Measures for Parr Hydro Relicensing 

DNR Comments and Recommendations at Meetings of March 28 and 30, 2017





March 28 - Parr PM&E Meeting

Other PM&E measures -- DNR Comments and Recommendations



Downstream flows delivery incentive

A new protocol for delivering continuous instream flows from Parr Shoals Dam is under development and we expect the protocol to address target flows (desired for habitat and navigation needs) and required compliance flows. We understand SCE&G will strive to deliver flows according to a new protocol; however, our interest is to assure target flows are delivered when the necessary inflow is available. Therefore, we are requesting SCE&G provide mitigation to compensate for not delivering target flows when inflow to the Project is available to meet or exceed the target flow. For example, mitigation payment is provided when flow delivery deviates more than XX cfs less than the target flow for a continuous period of XX hours during which inflow was adequate to meet the target.   



Ongoing, unavoidable impacts from operations

We see a need to address the ongoing, unavoidable impacts to aquatic resources caused by fluctuations in Parr Reservoir and the intermittent downstream flow fluctuations in the Broad River, which will not be eliminated because of SCE&G’s need to generate at Fairfield station. The fluctuations in Parr Reservoir also have an ongoing negative effect on potential recreational uses of the reservoir.



    As a PME measure to address the impacts described above, DNR recommends SCE&G consider funding a habitat enhancement program to support aquatic resource conservation and protection projects that will benefit the Broad River watershed and Congaree River. We foresee options to include creating a new funding program (which may be preferred) or contributing to an existing program such as the Broad River Mitigation Trust Fund.



Avoid and minimize fish entrainment mortality 

Identify measures that could be implemented and may be effective to avoid or minimize fish entrainment at the Fairfield station. Measures to consider include changes to lighting that may attract fish to forebay areas and sequencing unit start-up to begin away from areas where fish are known to congregate.  

	



March 30 - Parr PM&E Meeting

Other PM&E measures -- DNR Comments and Recommendations 



Review and consider provisions of the May 1979 SCE&G-DNR memorandum of agreement 

Are there items in the 1979 MOA to be carried forward in the next license? Hazard markers (#5 of MOA) is one item that may need to be addressed. 



Water management agreement at BRWMA

Establish an SCE&G-DNR communications protocol to address coordination of DNR’s water management needs at Broad River Waterfowl Management Area with the operations and water elevations of Parr Reservoir. 



Land Protection – for habitat conservation and public recreation

DNR’s approach to considering “Other PME measures” is based on our assessment of Project impacts and the PMEs already proposed by SCE&G. We consider a mitigation sequence:  first avoid and minimize impacts and then compensate for unavoidable impacts. Many of the PMEs already being proposed by SCE&G represent of a good-faith effort to avoid and minimize Project impacts (and provide enhancements to recreational access), and we are supportive of the proposed PMEs. What remains to be addressed are what we see as ongoing, unavoidable impacts to aquatic resources caused by Project operations, primarily the fluctuations in Parr Reservoir and the intermittent downstream flow fluctuations in the Broad River, which will not be eliminated because of SCE&G’s need to generate at Fairfield station. The fluctuations in Parr Reservoir also have an ongoing negative effect on potential recreational uses of the reservoir. Finally, as DNR considers PMEs, thought is given to license terms and what PMEs will promote stakeholder support of longer terms.



    As part of a total PM&E package, DNR recommends significant, additional land protection be provided for habitat conservation and recreational use. We think land protection can serve to address both mitigation for unavoidable impacts and justification for longer license terms. 



    DNR has a number of ideas regarding land protection but has not yet developed a specific PME proposal. We think there is potential for PMEs to include both a fund for habitat enhancement (as discussed at the March 28 meeting) and land protection, and there may be interest in structuring a funding program to incorporate credits for land protection.  



    What lands to consider for protection?  Preferred land areas to serve as mitigation for aquatic resource impacts will contain a significant portion of riparian and wetland habitats.  Alternatives under consideration:  1) DNR has identified SCE&G lands contiguous with the Project and adjacent to the Broad River downstream of the Project, and these include 14 parcels that total approximately 1900 acres (based on county land-ownership data from the Internet). Six of the 14 parcels are contiguous with the Project boundary, and eight are adjacent to the Broad River downstream of the Project.  2) DNR also has interest in protecting a large contiguous tract, preferably a tract with a significant aquatic and wetland resources, to be leased and managed by SCDNR in the WMA Program for the term of the new license. 



    Optional means for land protection: DNR would prefer permanent protection of lands or, at a minimum, land protection that extends for the term of the new license. Protection measures could be established in a settlement agreement, MOA, restrictive covenant, lease to DNR, conservation easement, or by fee simple donation to a conservation agency such as DNR.





[bookmark: _GoBack]During the meetings, SCE&G requested DNR to develop a proposal with more specificity on our ideas of land protection and habitat enhancement funding, so that a proposal can be evaluated by SCE&G management.  DNR will develop a more specific proposal.





From: Bill Marshall
To: Henry Mealing; Kelly Kirven
Cc: Ron Ahle; Dick Christie
Subject: RE: West Channel Grid
Date: Thursday, April 27, 2017 2:16:42 PM
Attachments: Grid for West Channel (final w sticky note).pdf

MEMO on West Channel Grid.doc

Henry and Kelly,
As follow-up to an action item from previous Parr Hydro TWC meetings, please see the attached grid
map and associated memo of explanation from Ron. This presents a stratified random sampling grid
for monitoring water quality conditions in the west channel  and is proposed for inclusion in the
West Channel AMP.
 
Let us know if you have questions.
 
Bill Marshall
SCDNR
803-734-9096
 
 

From: Ron Ahle 
Sent: Thursday, April 27, 2017 12:35 PM
To: Bill Marshall <MarshallB@dnr.sc.gov>
Cc: Dick Christie <ChristieD@dnr.sc.gov>
Subject: West Channel Grid
 
Hi Bill,
 
Attached is the long awaited West Channel Grid that I agreed to provide the Fish and Wildlife TWC. 
Take a look at it and if you have no issues please pass it on to Kleinschmidt.
 
Thanks,
 
Ron
 
Ronald C. Ahle
Freshwater Fisheries Biologist
South Carolina Department of Natural Resources
2726 Fish Hatchery Road
W. Columbia, SC  29172
Bus: (803)-755-9345
Email:Ahler@dnr.sc.gov
 

mailto:MarshallB@dnr.sc.gov
mailto:Henry.Mealing@KleinschmidtGroup.com
mailto:Kelly.Kirven@KleinschmidtGroup.com
mailto:AhleR@dnr.sc.gov
mailto:ChristieD@dnr.sc.gov



3


9


4
11


90 91


97 9896


49


85


41


38


15 16


86


80


56


22


66


76


72


26


69


10


31


63


46


95


23


28


52


92


17


111


35


59


44


119118


110


81


109


104102


120


105103


125


12


124


53


101


117


34


43


99


8


2


60


77


89


7


108


73


18


70


25


54


36


84


33


123


51


47


29


112
121


67


100


128


61


40


79


58


19


62


116


14


39


6


114


94


75


13


71


68


106


65


48


127


113


57


30


107


24


50


21


5


126


87


27


42


20


37


122


88


55


93


82


32


64


1


78


115


74


83


45


0 650 1,300325
FeetÜ


South Carolina 
Department of Natural Resources
Technology Development Program


Columbia, South Carolina


Service Layer Credits: Source: Esri, DigitalGlobe,Legend
200 Foot Grid



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Cross-Out



AhleR

Sticky Note

The upper reach and lower reach should be divided at this point.



AhleR

Sticky Note

Crossed out grids should not be used in the random selection











South Carolina Department of Natural Resources


Division of Wildlife and Freshwater Fisheries



Freshwater Fisheries Section


Memorandum

     To:  Fish and Wildlife TWC

   From:  Ron Ahle


   Date:  4/27/2017

Subject: West Channel Grid for Random Sample Selection

________________________________________________________________


This memo is submitted to accompany a grid developed for random site selection on the West Channel of the Parr Tailrace.  The grids are 200’ by 200’ and cover the West Channel from the dam to the confluence with the East Channel.  To use this grid, it is recommended that the random selection be stratified by upper channel and lower channel to account for significant differences in substrate and habitat type.  Also, all individual grids that are striked through are recommended to be excluded from the random number drawings because of a high level of influence from the East Channel.  For upper channel site selection use a random number generator to select sites from grids 75-127.  For lower channel site selection use grids from 21- 74.  Be sure not to include any grids that are striked through in your final site selection.  The ratio of number of sites should be slightly higher (approximately 60%) in the upper channel due to habitat complexity and slightly lower (approximately 40%) in the lower channel because of lack of complexity. (for example 8 sites in upper, 5 sites in lower)

Please let me know if you need any more information.  Thanks for allowing me to submit this important tool for sample site selection.


_______________________________________________________________



2726 Fish Hatchery Road * West Columbia, South Carolina 29172



Telephone: (803) 755-9345 * Facsimile: (803) 755-1355



From: LeMaster, Elizabeth -FS
To: Kelly Miller
Subject: RE: Parr Waterfowl Hunter Surveys
Date: Friday, July 10, 2015 5:38:43 PM
Attachments: image002.png

image003.png
image004.png
image005.png

Hi Kelly – I just realized that I never sent you guys a letter saying that we had met and were involved
in the process…
Do you still want/need such a letter from the USFS?
Beth

Beth LeMaster 
District Ranger

Forest Service
Sumter National Forest, Enoree Ranger District

p: 803-276-4810 
elemaster@fs.fed.us

20 Work Center Road 
Whitmire, SC 29178
www.fs.fed.us 

Caring for the land and serving people

From: Kelly Miller [mailto:Kelly.Miller@KleinschmidtGroup.com] 
Sent: Tuesday, July 07, 2015 9:05 AM
To: LeMaster, Elizabeth -FS
Cc: Evans, Christopher -FS
Subject: Parr Waterfowl Hunter Surveys
Importance: High
Hi Beth,
I just wanted to let you know that after further discussion with SCDNR, they have agreed to include
question 2 on the Enoree River Waterfowl Survey. We will be removing question 4 however.
If the USFS has any additional edits or comments on the surveys, please send these in by Friday, July

17th. We want to finalize the surveys in the next few weeks so that we can focus on our distribution
methods prior to the start of waterfowl hunting season.
Thanks!
Kelly
Kelly Miller
Regulatory Coordinator

Office: 803.462.5633
www.KleinschmidtGroup.com
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From: Hamstead, Byron
To: Shane Boring; Henry Mealing
Cc: Alison Jakupca; BARGENTIERI@scana.com; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler

(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Byron Hamstead (Byron_hamstead@fws.gov); Chad Altman
(altmankc@dhec.sc.gov); Dick Christie (christied@dnr.sc.gov); Fritz Rohde (Fritz.Rohde@noaa.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Greg Mixon (mixong@dnr.sc.gov); Hal Beard (BeardH@dnr.sc.gov); Jay Maher;
Jim Glover (gloverjb@dhec.sc.gov); Karla Reece (Karla.Reece@noaa.gov); Kelly Miller; QUATTLEBAUM, MILTON;
rammarell@scana.com; Randy Mahan (randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Robert
Stroud (StroudR@dnr.sc.gov); Ron Ahle; Sam Stokes (stokess@dnr.sc.gov); Steve Summer; Tom McCoy
(thomas_mccoy@fws.gov)

Subject: Parr Entrainment/Mortality Study Hold Point 3
Date: Tuesday, January 06, 2015 7:07:58 AM
Attachments: 20150105_Parr Entrainment Hold Point 3 USFWS Comments.docx

Shane and Henry,

I regret that I cannot attend today's scheduled conference call.  Apologies for the short notice.
Attached are my comments and questions.

Thank you,
Byron 
                                                 

Byron Hamstead
Fish and Wildlife Biologist
USFWS Charleston Field Office
176 Croghan Spur Rd., Suite 200
Charleston, SC, 29407

843-727-4707 ext. 205

This email correspondence an any attachments to and from this sender is subject to the
Freedom of Information Act and may be disclosed to third parties.
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Draft Parr Entrainment Hold Point 3:

The Service has reviewed the third memo of the Fish Entrainment and Turbine Mortality Study and offers the following questions and comments:  

1) Does the proposed seasonal entrained species composition for Fairfield under pump-back generation include data from Bad Creek?  I think we discussed developing two iterations of seasonal fish composition, with and without data from Bad Creek (see meeting notes for hold point 2).  Since data for Bad Creek are dominated by shad/herring, including these data could underestimate the percent contribution of non-shad species in the entrained composition. 

2) [bookmark: _GoBack]What is the basis for using operation record data from 2000-2010?  What is the likelihood that generation, project flows, and therefore fish entrainment might significantly increase from this period of record over the term of the new license?   

The Service appreciates the opportunity to review and participate in this study.

Thank you,

Byron       



From: Hamstead, Byron
To: Henry Mealing
Cc: ARGENTIERI, WILLIAM R; Shane Boring; Kelly Miller
Subject: Re: Delivery delayed:County Species List
Date: Tuesday, September 01, 2015 7:19:27 AM
Attachments: image001.png

Apologies Henry.  I included the Union County list b/c the PBL includes the confluence of the
Broad and Enoree Rivers.  I mistook the Union county line to extend down to the Enoree-
Broad River confluence.

Byron 

                                                 

Byron Hamstead
Fish and Wildlife Biologist
USFWS Charleston Field Office
176 Croghan Spur Rd., Suite 200
Charleston, SC, 29407

843-727-4707 ext. 205

This email correspondence an any attachments to and from this sender is subject to the
Freedom of Information Act and may be disclosed to third parties.

On Mon, Aug 31, 2015 at 7:14 PM, Henry Mealing
<Henry.Mealing@kleinschmidtgroup.com> wrote:

Byron,

 

I took a closer look at all of the items you sent me and I noticed that you included Union
County as one of the counties in the project influence.  The project doesn’t touch Union
County and we will remove any species from the list that are associated with that specific
county list.  The major inclusions of species to evaluate are the At Risk Species (ARS).  We
will add an additional section to cover these species including a short write up – known
presence within the PBL – if the project will affect the species.

 

Thanks again for the complete list.  We will get started on this right away.

 

Henry

Henry Mealing

mailto:byron_hamstead@fws.gov
mailto:Henry.Mealing@KleinschmidtGroup.com
mailto:BARGENTIERI@scana.com
mailto:Shane.Boring@KleinschmidtGroup.com
mailto:Kelly.Kirven@KleinschmidtGroup.com
mailto:Henry.Mealing@kleinschmidtgroup.com

Kleinschmidt





Fisheries Biologist / Project Manager

204 Caughman Farm Lane

Suite 301

Lexington, SC  29072

706-339-3209

www.KleinschmidtGroup.com

 

 

 

From: Hamstead, Byron [mailto:byron_hamstead@fws.gov] 
Sent: Monday, August 24, 2015 10:05 AM
To: ARGENTIERI, WILLIAM R <BARGENTIERI@scana.com>
Cc: Henry Mealing <Henry.Mealing@KleinschmidtGroup.com>
Subject: Re: Delivery delayed:County Species List

 

Hi Bill,

 

Per Henry's request, attached is a .xlsx list of federal priority species that may be impacted
by the Parr Project.  These species were pulled from the USFWS's county lists (Union,
Fairfield, Newberry, and Richland Counties), Birds of Conservation Concern (2008) for
Bird Conservation Region 29 (Table 27), and our July 9, 2014 proposal to include two
mussels for consideration by the RT&E TWC.  County lists and other reference documents
are attached for your records.  Please let me know if you have any questions.

 

Thanks,

Byron

 

     

http://www.kleinschmidtusa.com/
mailto:byron_hamstead@fws.gov
mailto:BARGENTIERI@scana.com


                                                 

 

Byron Hamstead

Fish and Wildlife Biologist

USFWS Charleston Field Office

176 Croghan Spur Rd., Suite 200

Charleston, SC, 29407

 

843-727-4707 ext. 205

 

This email correspondence an any attachments to and from this sender is subject to the
Freedom of Information Act and may be disclosed to third parties.

 

On Mon, Jun 29, 2015 at 1:08 PM, ARGENTIERI, WILLIAM R
<BARGENTIERI@scana.com> wrote:

Done

 

His new email address is Henry.Mealing@KleinschmidtGroup.com.

 

 

From: Thomas McCoy [mailto:thomas_mccoy@fws.gov] 
Sent: Friday, June 26, 2015 3:13 PM
To: ARGENTIERI, WILLIAM R
Subject: FW: Delivery delayed:County Species List

 

***This is an EXTERNAL email. Please do not click on a link or open any
attachments unless you are confident it is from a trusted source.

 

mailto:BARGENTIERI@scana.com
mailto:Henry.Mealing@KleinschmidtGroup.com
mailto:thomas_mccoy@fws.gov


Hi Bill,

??

Can you send to Henry the species list?

It bounced back.

Tom

??

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act and may be disclosed to third parties. ??

??

From: Microsoft Outlook [mailto:postmaster@doi.gov] 
Sent: Friday, June 26, 2015 2:55 PM
To: thomas_mccoy@fws.gov
Subject: Delivery delayed:County Species List

??

Delivery is delayed to these recipients or groups:

Henry Mealing (HMealing@kassociates.com)

Subject: County Species List

This message hasn't been delivered yet. Delivery will continue to be attempted.

The server will keep trying to deliver this message for the next 1 days, 19 hours and 55 minutes.
You'll be notified if the message can't be delivered by that time.

 

mailto:postmaster@doi.gov
mailto:thomas_mccoy@fws.gov
mailto:HMealing@kassociates.com


From: Hamstead, Byron
To: Kelly Kirven
Cc: Alison Jakupca; ARGENTIERI, WILLIAM R; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler

(CRK@congareeriverkeeper.org); BRESNAHAN, AMY; Caleb Gaston (caleb.gaston@scana.com); Chad Altman
(altmankc@dhec.sc.gov); David Eargle (eargleda@dhec.sc.gov); Gerrit Jobsis (gjobsis@americanrivers.org); Greg
Mixon (mixong@dnr.sc.gov); Henry Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Karla Reece
(Karla.Reece@noaa.gov); Lorianne Riggin (RigginL@dnr.sc.gov); rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Sam Stokes (stokess@dnr.sc.gov); Scott
Castleberry (castlews@dhec.sc.gov); Shane Boring; Steve Summer; STUTTS, BRANDON G; Tom McCoy
(thomas_mccoy@fws.gov); Morgan Wolf

Subject: Re: draft Broad River Spiny Crayfish Report
Date: Wednesday, January 06, 2016 8:36:16 AM
Attachments: 201407XX_Identification and Distribution of Crayfishes in South Carolina.pdf

Broad River Spiny Crayfish Report-Draft_Hamstead Comments_20160106.docx

Hi Kelly,

Just a few comments on this one in tracked changes. Also attached is Arnie's 2014 Crayfish
report/atlas.

Thanks,
Byron

Byron Hamstead
Fish and Wildlife Biologist
USFWS Asheville Field Office
160 Zillicoa St., Suite B
Asheville, NC, 28801

828-258-3939 ext. 225

This email correspondence an any attachments to and from this sender is subject to the
Freedom of Information Act and may be disclosed to third parties.

On Mon, Dec 14, 2015 at 10:24 AM, Kelly Kirven <Kelly.Kirven@kleinschmidtgroup.com>
wrote:

All,

Attached is the draft Broad River Spiny Crayfish Report. Please review and submit any
comments or edits by Monday, December 28th. Please note that Appendix A will be
included with the final report.

Thanks,

Kelly

Kelly Miller Kirven

Regulatory Coordinator

Office: 803.462.5633

mailto:byron_hamstead@fws.gov
mailto:Kelly.Kirven@KleinschmidtGroup.com
mailto:Alison.Jakupca@KleinschmidtGroup.com
mailto:BARGENTIERI@scana.com
mailto:marshallb@dnr.sc.gov
mailto:CRK@congareeriverkeeper.org
mailto:CRK@congareeriverkeeper.org
mailto:Amy.Bresnahan@scana.com
mailto:caleb.gaston@scana.com
mailto:altmankc@dhec.sc.gov
mailto:altmankc@dhec.sc.gov
mailto:eargleda@dhec.sc.gov
mailto:gjobsis@americanrivers.org
mailto:mixong@dnr.sc.gov
mailto:mixong@dnr.sc.gov
mailto:Henry.Mealing@KleinschmidtGroup.com
mailto:Jay.Maher@KleinschmidtGroup.com
mailto:gloverjb@dhec.sc.gov
mailto:Karla.Reece@noaa.gov
mailto:Karla.Reece@noaa.gov
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mailto:rammarell@scana.com
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mailto:randolph.mahan@scana.com
mailto:rmahan@sc.rr.com
mailto:stokess@dnr.sc.gov
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mailto:castlews@dhec.sc.gov
mailto:Shane.Boring@KleinschmidtGroup.com
mailto:ssummer@scana.com
mailto:BSTUTTS@scana.com
mailto:thomas_mccoy@fws.gov
mailto:thomas_mccoy@fws.gov
mailto:morgan_wolf@fws.gov
mailto:Kelly.Kirven@kleinschmidtgroup.com
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Introduction 


Freshwater crayfish reach their greatest diversity in the southeastern United States, 


totaling more than 375 species with new species being described each year (Taylor 


et al. 2007, Crandall and Buhay 2008). Crayfish serve important functions in 


aquatic systems as processors of energy (Nystrom et al. 1996), as a keystone 


species in community structure (Usio and Townsend 2004), as prey organisms 


(Correia 2001) as well as support a viable bait and human food industry (Huner 


2002). In the United States crayfish have a higher percentage of vulnerable species 


than amphibians, freshwater fish, reptiles, mammals, and birds (Primack 1998). 


Despite their diversity, function and overall imperilment, surprisingly little is 


known about most crayfish species (Schuster 1997). 


Current records indicate 37 native species of crayfish are found in South 


Carolina, of which 24 species are considered ‘priority conservation species’ in the 


state (A. Smith, SC DNR, personal communication).  Species range, one of the five 


criteria used by the AFS Endangered Species Committee to assess crayfish species 


imperilment (Taylor et al. 2007), information is seriously lacking for South 


Carolina species.  Since a state-wide survey of South Carolina crayfish has not 


been done, distribution information needs to be gathered from historic records and 


existing collections. 


South Carolina Department of Natural Resources (SC DNR) collected 


crayfish as a by-catch of water and stream sampling programs for eventual 


identification and convergence with existing crayfish distribution records. The 
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objectives of this project were: 1. to enumerate, sexual stage and identify to the 


greatest extent possible 407 unidentified crayfish samples; 2. once identified add 


the data to the State’s spread sheet database;  3. to construct crayfish distribution 


maps with the available date; and 4. to return the samples to SC DNR. 


 


Methods and Materials 
The alcohol preservative in sample jars were decanted, specimens were separated 


according to subgenera then individuals were identified using Bouchard (1978), 


Hobbs (1981), Cooper (2001, 2004a, b), Eversole and Jones (2004), and Cooper 


and Price (2010). Specimens were identified to species if possible, while a genus or 


“cf.” species epitaph was used for those individuals not identified to species. 


Samples that proved difficulty were re-evaluated a second and on some occasions a 


third time. Named individuals were sexed, staged and recorded before returning to 


collection jars. The number of form I males, form II males, adult females, 


ovigerous females, juvenile males, juvenile females and unsexed juveniles were 


recorded for each taxa. Each taxa in a collection was provided an unique spread 


sheet entry (row) per collection event (number). 


Collection events with crayfish identified to species and geo-located 


collection sites were merged to existing crayfish distribution data (A. Eversole and 


J. Foltz, unpublished data). Species distribution maps were generated using 


ArcGIS 10 software program and stored in jpeg files. 


  


Results and Discussion 
Crayfish were collected from all 46 South Carolina counties and one site in North 


Carolina. Data from North Carolina collection is not summarized in this report. 


Collections were not evenly distributed across the state, some counties are 







5 
 


represented with a disproportionate number of samples (e.g., Aiken, Bamberg, 


Colleton, Greenville, Laurens, and Orangeburg counties) while other counties were 


poorly represented in the overall collection (e.g., Beaufort, McCormick, Union, 


and Williamsburg counties). Selected watercourses also appear to have been 


sampled more frequently than other water courses (e.g., Salkehatchie and Little 


Salkehatchie rivers).  Eversole and Foltz (2012) spatial analysis of the historic 


crayfish collection records indicate that collections are clumped in those counties 


adjacent to research institutions and survey localities (e.g., Francis Marion 


National Forest). The uneven survey effort underscores the need for a state-wide 


crayfish survey.  


A total of 2,883 crayfish specimens were contained in the 406 collection jars 


(Table 1). Nearly all the collections were made in wadeable waterways; the 


exceptions include specimens from a burrow, two fish stomachs and an 


aquaculture facility. The collections varied considerably in specimen composition 


and condition, in some cases limiting species identification. Crayfish identification 


to species for some taxa relied on collecting adult (large) specimens, particularly 


mature (form I) males (Hobbs 1981).  Unfortunately adult crayfish comprised only 


40.5% of the samples of which only 9.5% were form I males. The other adults in 


the collection were form II males (11.0%), and females (20.0%).  A small 


percentage of the adult females (3.6%) were ovigerous or had attached early 


instars. Small crayfish classified as juveniles (59.5%) were frequently too small 


using existing diagnostic characters to identify beyond genus. A higher percentage 


of specimen species identifications have resulted if a selective sampling protocol 


for larger mature individuals was used.  


Three of the five genera known to occur in South Carolina were encountered 


in the collection. Specimens in Procambarus, Cambarus and Fallicambarus 


accounted for 52.8%, 47.1% and < 0.1% of the samples, respectively.   Faxonella 
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and none of the four species of Distocambarus were collected.  The 


distocambarids, the most terrestrial of our crayfish species (Welch and Eversole 


2006), are unlikely to be collected while electrofishing wadeable streams (Welch 


and Eversole 2006). Also the probability of collecting Faxonella and any 


Distocambarus species is less because of their restricted distributions (Welch and 


Eversole 2006, Eversole and Welch 2010, Eversole and Foltz 2012).  


Of the 26 species encountered 14 species were Procambarus, 11 species 


Cambarus, and one species a Fallicambarus. The most frequently identified 


species P. troglodytes, P. hirsutus, P. echinatus, C. latimanus, and C. acuminatus 


occurred in 21.8%, 16.9%, 6.8%, 8.8%, and 7.9% of the samples, respectively.  


The exotic P. clarkii was encountered in three samples. Eleven South Carolina 


crayfish species were not represented in the collections.  In addition to the five 


species in Distocambarus and Faxonella genera, representatives of P. barbatus, P. 


pearsei, C. nodosus, C. carolinus, C. diogenes, and C. reduncus were not collected. 


Seven of these species are primary burrowers therefore are less likely to be 


collected sampling fish in wadeable streams (Welch and Eversole 2006, Eversole 


and Welch 2010). The distocambarids and some of these other species have 


restricted distributions, e.g., D. youngineri occurs only in a few locations in one 


county (Eversole and Welch 2010).  The probability of a random encounter of 


limited range species is less than those species found across broader landscape 


patches and another reason why a fish survey failed to collect representatives of the 


state’s crayfish. 


Spatial distribution of 4000+ South Carolina crayfish museum and collection 


records is displayed in Figure 1. Crayfish identified to species collected at geo-


referenced locations in this study added 6.8% to the total state-wide distribution 


records. Maps of all 38 described species in the state are displayed in Figures 2 – 


39. The crayfish found in the state include seven endemic species, all the 
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distocambarid species, P. echinatus, P. hirsutus, and P. lepidodactylus (Figs. 17-


20, 30, 31, 35) and one introduced species, P. clarkii (Fig. 39).  Cambarus 


latimanus and  P. troglodytes were the two widest distributed species while the 


four Distocambarus species have the narrowest distributions (Figs. 4, 17-20, 38).  


Most of the records of Cambarus were from above the fall line whereas 


Procambarus records occurred mostly below the fall line; the exceptions include 


the primary burrowers C. diogenes and C. reflexus (Figs. 5, 11), and the stream 


dwelling P. raneyi and P. spiculifer (Figs. 36, 37 ). Crayfish species restricted to 


single river systems or watershed units were C. chaugaensis, C. nodosus, C. 


spicatus, and P. echinatus (Figs. 10, 13, 14, 35). 


 The recent updated Comprehensive Wildlife Conservation Strategy of South 


Carolina (A. Smith, SC DNR, personal communication) indicates seven species 


listed as “highest priority” and three species as “high priority” conservation 


species. These two conservation categories include all four of the Distocambarus 


species (Figs. 17-20), four Cambarus species (Figs. 5, 9, 13, 14) and two 


Procambarus species (Figs. 27, 35). In addition to having limited ranges, these 


priority conservation species occupy specific habitats - e.g., P. chaugaensis occur 


in high gradient good water streams in the Blue Ridge ecological zone, and D. 


youngineri burrows in those soils with a seasonal perched water table within the 


species’ range (Eversole and Welch 2010). Species with more specialized habitat 


requirements and narrower ranges are at more risk and buffered less than those 


widely distributed generalist species. The conservation status of the newly 


described C. hobbsorum and C. aldermanorum has yet to be determined; however, 


recent distribution records suggest that a priority ranking may be necessary (Figs. 


15, 16). 
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Recommendations 


It is clear from the work on this project many research opportunities exist for 


crayfish identification and distribution in the state. Historic distribution records 


indicate disproportionate sampling of the state crayfish fauna, both across the 


landscape and taxonomic groups which a state-wide survey would help remedy. 


Furthermore, a state-wide survey would provide an opportunity to examine the 


distributional limits of conservation priority species and those species with disjunct 


distribution patterns (e.g., Fig. 22). A state crayfish survey would help flush out the 


distribution records necessary for the conservation status assessment of the newly 


described species. A survey targeted for crayfish would also increase the 


probability of collecting specimens living in specialized habitat (e.g., terrestrial 


burrows) and increase the number of collected mature crayfish.  Recommended are 


survey records that include detailed descriptions of specimen color and precise site 


locations for improved species identification and the spatial coverage of the state’s 


crayfish fauna.  


In addition to a comprehensive crayfish survey, there is a need to address 


several taxonomic issues – e.g., the occurrence of two species complexes and at 


least one species undescribed species in the state (Jones 2012).  Also there are two 


newly described species found in the state and a species resembling  the 


description for C. howardi by Hobbs (1981) and species ”A” by Cooper (2004a). 


Although species descriptions and clarification of species complexes are long term 


research objectives, an immediate need is a workable key for South Carolina 


crayfish fauna. The recommended initial step is revision of Eversole and Jones 


(2014) key with updated species content and distribution ranges. Alternative 


recommendation instead of a comprehensive state-wide key is a series of river 


drainage based keys which are more user friendly for the casual crayfish 
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enthusiast. In either case, the content of SC DNR crayfish web site should also be 


considered at this time, new information added and expanded to include interactive 


features (e.g., links from species to distribution maps). 
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Table 1. Truncated list of the identified crayfish by collection code. The total specimens are the sum of all the sexual stages for each taxon per 
collection code.  Unabridged spread sheet available upon request. 


Code Genus 
Sub 
gen. Species 


Total 
specimens F1 Males F2 Males Females Ovigerous 


Juv 
Male 


Juv 
Female Juv etc. 


1000783 Procambarus O. chacei 14 1 1 4 2 1 5 
  1000794 Procambarus P. spiculifer 5 2 1 2 


     1000795 Cambarus D. latimanus  
 


2 3 
 


2 3 
  1000795 Procambarus P. raneyi 21 


 
2 4 


  
5 


  1000946 Cambarus D. latimanus 2 
  


1 
  


1 
  1000975 Procambarus S. troglodytes 12 


 
2 2 


 
5 3 


  1000980 Cambarus J. asperimanus 1 1 
       1000981 Cambarus J. asperimanus  


    
1 


   1000981 Cambarus C. bartonii 18 3 6 5 
   


3 
 1001002 Cambarus D. latimanus 6 


 
3 1 


 
1 1 


  1001003 Cambarus P.  acuminatus 7 
 


2 1 
 


1 3 
  1001004 Cambarus P.  acuminatus 5 


  
1 


 
1 3 


  1001005 Procambarus O. acutus 1 
 


1 
      1001006 Procambarus S. troglodytes 2 1 


 
1 


     1001007 Procambarus O.  cf blandingii  
  


4 
     1001007 Procambarus S. troglodytes 7 


 
1 1 


  
1 


  1001008 Procambarus S.  troglodytes 1 
     


1 
  1001009 Cambarus P. cf acuminatus 9 


 
2 3 


 
2 2 


  1001010 Cambarus P.  acuminatus  
  


1 
 


1 1 
  1001010 Procambarus O. acutus 7 1 1 1 


  
1 


  1001011 Cambarus P. cf hobbsorum 3 
  


3 
     1001012 Cambarus P. cf hobbsorum  


 
1 1 


 
2 3 


  1001012 Procambarus O. sp. 9 
    


1 1 
  1001013 Procambarus S. troglodytes 5 3 1 1 


     1001014 Cambarus D. latimanus 13 
 


4 3 
 


4 2 
  1001015 Cambarus P. cf acuminatus  


    
1 1 


  1001015 Procambarus O. lepidodactylus 4 
   


2 
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Code Genus 
Sub 
gen. Species 


Total 
specimens F1 Males F2 Males Females Ovigerous 


Juv 
Male 


Juv 
Female Juv etc. 


1001016 Cambarus P.  hobbsorum  
  


1 
     1001016 Procambarus O. sp. 2 


     
1 


  1001017 Procambarus O.  acutus  
  


3 
 


1 2 
  1001017 Procambarus S. troglodytes 8 


  
1 


  
1 


  1001020 Cambarus D. latimanus 3 
 


1 1 
 


1 
   1001021 Cambarus D cf latimanus 5 


    
3 2 


  1001023 Procambarus O. blandingii 4 
  


1 
 


2 1 
  1001025 Cambarus C. bartonii 13 3 6 4 


     1001026 Cambarus C. bartonii 9 2 1 6 
     1001027 Cambarus J. asperimanus  


  
1 


     1001027 Cambarus P. chaugaensis 19 1 5 7 
 


1 4 
  1001028 Cambarus C. bartonii 10 


 
5 1 


  
4 


  1001029 Cambarus C. bartonii 3 
 


1 2 
     1001031 Cambarus C. bartonii 7 


  
2 


 
2 3 


  1001032 Cambarus C. bartonii 11 3 1 2 
 


3 2 
  1001033 Cambarus C. howardi 15 


  
6 


 
2 2 


  1001033 Cambarus P.  spicatus  
     


4 1 
 1001036 Procambarus S. troglodytes 16 


  
1 


 
8 7 


  1001037 Procambarus S. troglodytes 7 
    


4 3 
  1001038 Cambarus sp. 6 


    
2 1 3 


 1001039 Procambarus P. echinatus  
    


7 4 
  1001039 Procambarus O. hirsutus 18 


    
2 


   1001039 Procambarus S. troglodytes  
    


3 2 
  1001040 Procambarus sp. 15 


    
1 1 13 


 1001041 Procambarus O. sp. 8 
    


1 7 
  1001042 Procambarus O. hirsutus 6 


  
1 


 
2 3 


  1001043 Cambarus P. sp. 8 
    


3 5 
  1001044 Procambarus S. troglodytes 20 


  
1 


 
2 2 15 


 1001045 Procambarus O. cf hirsutus  
    


2 
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Code Genus 
Sub 
gen. Species 


Total 
specimens F1 Males F2 Males Females Ovigerous 


Juv 
Male 


Juv 
Female Juv etc. 


1001045 Procambarus P. echinatus 6 
   


1 1 
   1001045 Procambarus sp.  


    
2 


   1001046 Procambarus O. hirsutus 9 
  


2 
 


1 2 4 
 1001047 Procambarus S. troglodytes 9 


    
1 8 


  1001048 Procambarus S. troglodytes 14 
    


1 
 


13 
 1001049 Procambarus P. echinatus 7 


 
1 


  
1 


 
1 


 1001049 Procambarus O. sp.  
    


1 
 


3 
 1001050 Cambarus D. sp.  


    
1 2 


  1001050 Procambarus O. cf chacei 5 
     


2 
  1001051 Cambarus D. latimanus 3 


 
1 1 


 
1 


   1001052 Procambarus O.  cf chacei 3 
    


1 2 
  1001053 Procambarus S. troglodytes 10 


  
1 


 
1 2 6 


 1001054 Procambarus O. hirsutus 4 
    


3 1 
  1001055 Procambarus sp. 1 


     
1 


  1001056 Procambarus sp. 1 
     


1 
  1001057 Procambarus S. troglodytes 2 


    
1 1 


  1001058 Procambarus sp. 5 
     


4 1 
 1001059 Cambarus sp. 2 


    
1 1 


  1001060 Cambarus sp. 4 
    


1 
   1001060 Procambarus sp.  


      
3 


 1001061 Procambarus sp. 4 
     


1 3 
 1001062 Procambarus O. hirsutus 4 


    
2 2 


  1001063 Cambarus sp. 2 
    


1 
 


1 
 1001064 Procambarus sp. 4 


    
1 2 1 


 1001065 Cambarus P. aldermanorum 2 
  


1 
  


1 
  1001066 Procambarus sp. 2 


      
2 


 1001067 Procambarus sp. 3 
     


1 2 
 1001068 Procambarus sp. 18 


    
15 3 


  1001069 Procambarus S. troglodytes 3 
    


2 1 
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Code Genus 
Sub 
gen. Species 


Total 
specimens F1 Males F2 Males Females Ovigerous 


Juv 
Male Juv Female Juv etc. 


1001070 Cambarus D. cf striatus 7 
  


1 
   


6 
 1001071 Procambarus sp. 6 


    
2 3 1 


 1001072 Procambarus sp. 19 
    


6 7 6 
 1001073 Procambarus O.  cf chacei 7 


 
2 


   
5 


  1001074 Procambarus S. troglodytes 11 
    


3 4 4 
 1001075 Procambarus O. cf hirsutus 9 


  
1 


   
1 


 1001075 Procambarus S. sp.  
      


7 
 1001076 Procambarus P. echinatus 6 


    
2 


   1001076 Procambarus O. hirsutus  
    


1 3 
  1001077 Procambarus sp. 7 


    
1 1 5 


 1001078 Procambarus sp. 3 
     


3 
  1001079 Procambarus S. cf troglodytes 6 


    
1 2 3 


 1001080 Procambarus sp. 2 
    


1 
 


1 
 1001081 Cambarus sp. 3 


    
1 2 


  1001082 Procambarus sp. 4 
    


2 2 
  1001083 Cambarus sp.  


     
2 


  1001083 Procambarus sp. 3 
    


1 
   1001084 Procambarus S. troglodytes 4 


    
1 3 


  1001085 Procambarus P. echinatus 8 
    


1 2 
  1001085 Procambarus O. hirsutus  


     
5 


  3100005 Cambarus P.  aldermanorum 3 2 
       3100005 Cambarus D. cf latimanus  


  
1 


     3100006 Cambarus C howardi 8 1 
   


3 4 
  3100074 Cambarus P.  aldermanorum 8 6 


       3100074 Cambarus D.  latimanus  1 1 
      3100078 Procambarus P. raneyi 1 


  
1 


     3100079 Procambarus S. troglodytes 1 1 
       3100080 Cambarus D. reflexus 1 1 
       3100081 Procambarus S. troglodytes 1 1 
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Code Genus 
Sub 
gen. Species 


Total 
specimens F1 Males F2 Males Females Ovigerous 


Juv 
Male 


Juv 
Female Juv etc. 


3100082 Procambarus O. hirsutus  3 
 


1 
     3100082 Procambarus S. troglodytes 13 4 2 1 
 


2 
   3100083 Procambarus S. troglodytes 14 7 3 4 


     3100084 Procambarus P. echinatus  
 


1 2 
     3100084 Procambarus O. hirsutus 31 4 5 8 
   


1 
 3100084 Procambarus S. troglodytes  1 5 4 


     3100085 Procambarus O. hirsutus 6 4 2 
      3100086 Procambarus P. echinatus 4 1 


 
2 


  
1 


  3100087 Cambarus P. aldermanorum  
  


1 
     3100087 Procambarus O. acutus 2 


  
1 


     3100088 Procambarus O. pubescens 8 3 1 2 
 


1 1 
  3100089 Procambarus S. clarkii 3 


 
3 


      3100090 Procambarus O. hirsutus 62 3 1 12 
 


13 18 15 
 3100091 Procambarus O. hirsutus 21 1 5 5 


 
7 


 
3 


 3100092 Cambarus D latimanus 2 1 
 


1 
     3100093 Cambarus P. acuminatus 12 2 


   
1 1 


  3100093 Procambarus O.  lepidodactylus  
  


1 
 


1 6 
  3100094 Cambarus D. latimanus 24 


 
1 2 


 
8 12 


  3100094 Cambarus P. sp.  
     


1 
  3100095 Procambarus O. lepidodactylus 3 1 


 
2 


     3100096 Cambarus D. latimanus 8 
 


2 1 
  


2 
  3100096 Cambarus P. sp.  


     
3 


  3100097 Procambarus P. echinatus 1 
 


1 
      3100098 Procambarus S. troglodytes 1 1 


       3200101 Procambarus O hirsutus 3 1 2 
      3200102 Cambarus D latimanus 1 


 
1 


      3200103 Procambarus S. troglodytes 2 1 1 
      3200104 Procambarus O hirsutus 1 


  
1 


     3200105 Procambarus S. cf troglodytes  
     


1 
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Code Genus 
Sub 
gen. Species 


Total 
specimens F1 Males F2 Males Females Ovigerous 


Juv 
Male 


Juv 
Female Juv etc. 


3200105 Procambarus O hirsutus 2 1 
       3200106 Cambarus P.  acuminatus 2 


    
1 1 


  3200108 Procambarus P. echinatus 1 
 


1 
      3200109 Procambarus O. hirsutus 8 


 
1 3 


 
1 3 


  3200110 Procambarus P. echinatus 1 
     


1 
  3200111 Procambarus O. hirsutus 3 2 


 
1 


     3200112 Procambarus P. echinatus 1 1 
       3200113 Procambarus S. troglodytes 1 1 
       3200114 Procambarus P. echinatus 1 


 
1 


      3200115 Cambarus sp. 3 
    


3 
   3200116 Procambarus O. lepidodactylus 1 


   
1 


    3200117 Procambarus O. lepidodactylus 10 
    


3 7 
  3200118 Procambarus O. hirsutus 18 


 
1 1 


 
7 8 


  3200118 Procambarus S. troglodytes  
    


1 
   3200121 Procambarus S. troglodytes 4 1 1 2 


     3200122 Procambarus S. troglodytes 12 2 1 8 
  


1 
  3200123 Procambarus S. troglodytes 2 2 


       3200124 Procambarus S. troglodytes 3 2 
 


1 
     3200127 Cambarus D.  latimanus 3 


  
3 


     3200128 Procambarus S. troglodytes 2 2 
       3200129 Cambarus P. acuminatus 3 1 
  


1 1 
   3200130 Cambarus P. acuminatus 3 1 


   
1 1 


  3200131 Cambarus P. acuminatus 1 1 
       3200132 Cambarus P. acuminatus 1 


  
1 


     3200133 Cambarus P. acuminatus 4 1 
 


2 
  


1 
  3200134 Cambarus P. acuminatus 2 


 
1 1 


     3200135 Cambarus P. sp. 1 
  


1 
     3200136 Cambarus P.  acuninatus 1 


 
1 


      3200138 Procambarus P. raneyi 1 1 
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Code Genus 
Sub 
gen. Species 


Total 
specimens F1 Males F2 Males Females Ovigerous 


Juv 
Male 


Juv 
Female Juv etc. 


3200145 Procambarus P. echinatus 1 
 


1 
      3200155 Cambarus D. sp. 1 


     
1 


  3200156 Cambarus D. sp. 1 
    


1 
   3200157 Procambarus P. echinatus 7 


 
1 2 


 
1 2 1 


 3200158 Procambarus P. echinatus 11 
 


3 1 
 


5 2 
  3200159 Cambarus D. striatus 1 


  
1 


     3200160 Cambarus D. striatus 2 
 


1 1 
     3200161 Cambarus D. striatus 2 1 1 


      3200162 Procambarus P. echinatus 1 
    


1 
   3200163 Procambarus P. echinatus 1 


    
1 


   3200166 Procambarus S. troglodytes 4 
 


2 1 
 


1 
   3200167 Procambarus S. troglodytes 3 


 
1 1 


  
1 


  3200168 Procambarus S. troglodytes 3 2 
 


1 
     3200169 Procambarus S. troglodytes 7 2 2 3 
     3200171 Procambarus O. hirsutus 8 


 
1 2 


 
3 2 


  3200172 Cambarus P. acuminatus 30 3 11 5 
 


6 5 
  3200174 Procambarus O. hirsutus 14 4 2 5 


 
1 2 


  3200175 Procambarus P. echinatus 9 
 


1 3 
 


1 4 
  3200176 Procambarus P. echinatus 2 


  
1 


  
1 


  3200177 Cambarus C. howardi 1 1 
       3200178 Cambarus sp. 3 


    
3 


   3200180 Procambarus O. hirsutus 11 2 2 3 
 


2 2 
  3200181 Procambarus O. hirsutus 4 3 1 


      3200182 Procambarus O. hirsutus 4 2 
       3200182 Procambarus S. troglodytes  1 
 


1 
     3200184 Procambarus O. hirsutus 1 1 


       3200185 Procambarus O. hirsutus 2 1 1 
      3200186 Procambarus O. hirsutus 2 1 


       3200186 Procambarus S. troglodytes  
 


1 
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Code Genus 
Sub 
gen. Species 


Total 
specimens F1 Males F2 Males Females Ovigerous 


Juv 
Male Juv Female Juv etc. 


3200187 Procambarus P. echinatus 3 
 


1 2 
     3200188 Procambarus O. hirsutus 1 1 


       3200189 Procambarus O. hirsutus 3 
 


2 
  


1 
   3200190 Cambarus D. reflexus 1 1 


       3200191 Procambarus O. hirsutus 2 1 1 
      3200192 Procambarus O. hirsutus 17 


 
2 2 


 
9 4 


  3200193 Procambarus O. hirsutus 1 1 
       3200194 Procambarus O. hirsutus 1 1 
       3200195 Procambarus O. hirsutus 1 


  
1 


     3200196 Procambarus P. echinatus 6 
  


1 
  


1 4 
 3200197 Procambarus O. hirsutus 12 1 1 4 


 
3 3 


  3200198 Procambarus S. troglodytes 13 6 1 6 
     3200199 Procambarus O. hirsutus 3 3 


       3200200 Procambarus S. troglodytes 8 4 2 2 
     3200201 Procambarus P. echinatus  


 
1 


      3200201 Procambarus O. hirsutus 2 1 
       3200202 Procambarus S. troglodytes 17 6 3 7 


  
1 


  3200203 Procambarus O. hirsutus 2 2 
       3200204 Procambarus S. troglodytes 15 5 4 6 


     3200205 Procambarus O. hirsutus 7 5 1 
    


1 
 3200206 Procambarus S. troglodytes 16 8 6 2 


     3200207 Procambarus O. hirsutus 4 3 
 


1 
     3200208 Procambarus S. troglodytes 17 10 6 1 
     3200209 Procambarus O. hirsutus 5 1 1 


      3200209 Procambarus S. troglodytes  
  


2 
   


1 
 3300227 Procambarus O. chacei 6 


  
1 


  
5 


  3300248 Fallicambarus C. fodiens  
     


3 
  3300248 Procambarus S. troglodytes 15 


 
2 8 


 
2 


   3300249 Procambarus O. ancylus 3 
 


1 
    


2 
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Code Genus 
Sub 
gen. Species 


Total 
specimens F1 Males F2 Males Females Ovigerous 


Juv 
Male Juv Female Juv etc. 


3300250 Procambarus S. troglodytes 1 
    


1 
   3300251 Procambarus sp. 10 


    
4 6 


  3300252 Procambarus sp. 48 
    


24 24 
  3300254 Cambarus C.  howardi 8 


 
4 2 


 
2 


   3300256 Cambarus P. spicatus 1 
     


1 
  3300257 Cambarus P.  aldermanorum 1 1 


       3300258 Cambarus D. latimanus 29 
 


1 5 
 


10 12 
  3300258 Cambarus D. striatus  


  
1 


     3300259 Cambarus D. reflexus 1 
  


1 
     3300260 Cambarus D. latimanus 131 1 


 
3 


    
claws 


3300260 Cambarus sp.  
    


7 5 115 
 3300261 Procambarus S. troglodytes 9 


 
3 2 


 
2 2 


  3300262 Procambarus S. troglodytes 1 1 
       3300263 Cambarus D. latimanus 10 


  
10 


     3300264 Procambarus S. troglodytes 1 1 
       3300265 Procambarus O. cf acutus 5 


 
1 


  
2 2 


  3300266 Cambarus P. aldermanorum  
  


3 
 


4 4 
  3300266 Cambarus D.  cf latimanus  


  
1 


  
1 


  3300266 Cambarus C. howardi 14 
  


1 
     3300267 Cambarus P.  aldermanorum 6 


 
1 1 


 
2 2 


  3300268 Cambarus D.  latimanus 3 1 
 


2 
     3300269 Cambarus P. aldermanorum 3 2 1 


      3300270 Cambarus P. aldermanorum  
    


2 2 
  3300270 Cambarus C.  howardi 6 


    
1 


   3300270 Cambarus P. sp.  
     


1 
  3300272 Cambarus P aldermanorum 16 1 1 3 


 
3 8 


  3300273 Cambarus D.  cf latimanus 2 
  


1 
  


1 
  3300274 Cambarus C. howardi 13 


 
4 2 


 
2 5 


  3300275 Cambarus P. aldermanorum 20 
 


3 2 
 


7 8 
 


claw 
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Code Genus 
Sub 
gen. Species 


Total 
specimens F1 Males F2 Males Females Ovigerous 


Juv 
Male 


Juv 
Female Juv etc. 


3300276 Cambarus C. howardi 19 
 


3 6 
 


5 5 
  3300277 Cambarus D.  latimanus 3 


 
1 


   
2 


  3300278 Cambarus P. hobbsorum 1 
  


1 
     3300279 Cambarus P.  aldermanorum  


  
1 


 
4 


   3300279 Cambarus C.  howardi 16 
 


2 
      3300279 Cambarus sp.  


    
3 6 


  3300280 Cambarus P.  acuminatus 7 
 


1 3 
 


2 1 
  3300281 Cambarus P. cf acuminatus  


    
2 2 


  3300281 Procambarus P. raneyi 5 
  


1 
     3300282 Procambarus O. sp. 1 


    
1 


   3300283 Procambarus O.  ancylus 1 1 
       3300284 Procambarus O. hirsutus 10 1 
 


1 
 


1 7 
  3300285 Cambarus C. bartonii 5 3 


 
1 


  
1 


  3300288 Cambarus P. aldermanorum  
 


1 2 
 


1 
   3300288 Cambarus D.  latimanus  


  
1 


     
3300288 Procambarus S. clarkii 6 1 


      


5 
claws 


3300289 Cambarus D. latimanus 2 
   


2 
    3300290 Cambarus D.  latimanus 1 


   
1 


    3300292 Procambarus O.  pubescens 5 
  


3 
  


2 
  3300294 Cambarus P.  hobbsorum  


 
3 2 


 
1 3 


  
3300294 Cambarus C.  howardi 10 


   
1 


   


1 
claw 


3300296 Cambarus D. striatus 2 
 


1 
   


1 
  3300297 Cambarus D.   striatus 1 


  
1 


     3300299 Cambarus D cf latimanus  
  


1 
 


2 1 
  3300299 Procambarus O. cf enoplosternum 


     
1 


  3300299 Procambarus O. chacei 18 
 


1 2 
 


4 2 
  3300299 Procambarus sp.  


    
3 1 


  3300300 Cambarus P. aldermanorum 5 
    


3 1 
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Code Genus 
Sub 
gen. Species 


Total 
specime


ns F1 Males F2 Males Females 
Oviger


ous Juv Male 


Juv 
Fem
ale Juv 


3300300 Cambarus sp.  
    


1 
   3300301 Procambarus O. chacei 7 1 


   
5 1 


  3300302 Cambarus P. aldermanorum 3 
    


3 
   3300303 Cambarus D. reflexus 1 1 


       3400312 Cambarus D. latimanus 5 
 


1 1 
 


1 2 
  3400313 Procambarus O.  acutus 1 1 


       3400314 Cambarus P.  acuminatus 15 
 


2 1 
 


9 3 
  3400315 Procambarus S. troglodytes 11 3 4 2 


  
2 


  3400317 Cambarus D. latimanus  
 


1 
   


4 
  3400317 Procambarus O.  acutus 6 1 


       3400318 Procambarus O.  acutus 2 1 
 


1 
     3400319 Procambarus O.  lepidodactylus 1 1 


       3400320 Cambarus P. cf acuminatus  
 


1 
  


1 
   3400320 Procambarus O.  acutus 3 1 


       3400321 Procambarus O. blandingii 3 1 
       3400321 Procambarus S. cf troglodytes  


     
2 


  3400322 Procambarus O.  cf acutus 1 
  


1 
     3400323 Procambarus O. blandingii 4 1 


 
2 


  
1 


  3400331 Procambarus S. troglodytes 1 1 
       3400333 Cambarus P. sp. 3 


    
2 1 


  3400336 Procambarus O. hirsutus 36 1 1 2 
 


12 16 4 
 3400337 Procambarus O. hirsutus 7 2 


 
2 2 


 
1 


  3400339 Cambarus C. howardi 1 
 


1 
      3400340 Procambarus S. troglodytes 22 


 
3 4 


 
6 9 


  3400341 Procambarus O. hirsutus 6 
 


2 2 
 


1 1 
  3400345 Procambarus O. cf hirsutus 2 


    
1 1 


  3400346 Procambarus S. cf troglodytes 2 
    


2 
   3400347 Procambarus O. hirsutus 4 


 
1 2 


  
1 


  3400355 Procambarus O. cf acutus 3 
    


2 1 
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Code Genus 
Sub 
gen. Species 


Total 
specimens F1 Males F2 Males Females Ovigerous 


Juv 
Male 


Juv 
Female Juv etc. 


3400356 Cambarus D cf latimanus 8 
  


1 
 


4 3 
  


3400361 Cambarus sp. 1 


      
1 


1 
claw 


3400363 Cambarus P.  acuminatus 1 
    


1 
   3400371 Procambarus O.  hirsutus 3 


  
2 1 


    3400372 Procambarus O. hirsutus 6 3 
  


1 1 1 
  3400373 Cambarus C. howardi 1 


    
1 


   3400376 Cambarus J. asperimanus 1 1 
       3400377 Cambarus sp.  


    
1 


 
2 


 3400377 Procambarus O. cf hirsutus 11 
     


3 5 
 3400379 Cambarus P. chaugaensis 18 1 3 1 


 
5 6 


  3400379 Cambarus P. sp.  
  


2 
     3400382 Cambarus P.  cf acuminatus 4 


  
4 


     3400383 Procambarus O. blandingii 2 1 
 


1 
     


3400387 Cambarus P. 
cf 
chaugaenesis 5 


  
2 


 
1 1 


  3400387 Cambarus P. sp.  
     


1 
  3400388 Cambarus sp. 1 


    
1 


   3400394 Procambarus P.  spiculifer 3 1 2 
      3400395 Procambarus P. spiculifer 2 1 


 
1 


     3400398 Procambarus O. hirsutus 4 
 


1 
  


1 
   3400398 Procambarus sp.  


     
2 


  3400405 Cambarus D. latimanus 1 
 


1 
      3400410 Cambarus D. striatus 3 1 1 1 


     3400411 Cambarus D. striatus 9 2 
 


4 
  


3 
  3500421 Cambarus sp. 1 


     
1 


  3500425 Cambarus P. cf chaugaensis 5 
 


1 1 
 


1 
   3500425 Cambarus D.  sp.  


    
2 


   3500428 Procambarus O. braswelli 13 
  


5 
 


1 3 
  3500428 Procambarus O. cf blandingii  


  
1 


  
2 
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Code Genus 
Sub 
gen. Species 


Total 
specimens F1 Males F2 Males Females Ovigerous 


Juv 
Male 


Juv 
Female Juv etc. 


3500428 Procambarus S. troglodytes  
 


1 
      3500431 Procambarus O. cf braswelli 9 


    
6 3 


  3500436 Cambarus P. cf acuminatus 2 
   


1 1 
   3500436 Cambarus C. sp. 0 


       
chela 


3500441 Procambarus sp. 1 
    


1 
   3500442 Cambarus P. cf acuminatus 4 


 
2 2 


     3500445 Cambarus P. chaugaensis 21 
 


2 2 
 


8 6 3 
 3500446 Cambarus P. cf acuminatus 1 


     
1 


  3500453 Cambarus D.  latimanus 1 
  


1 
     3500458 Cambarus sp.  


    
3 2 


  3500458 Procambarus sp. 8 
    


1 2 
  


3500463 Cambarus D. cf latimanus 5 


 
1 1 


  
2 


 


not 
SC 


3500465 Procambarus S. troglodytes 2 
 


1 
   


1 
  3500473 Procambarus S. troglodytes 17 


 
2 1 


 
5 9 


  3500475 Cambarus C.  howardi 4 
 


1 
   


3 
  3500476 Procambarus P. spiculifer 4 1 1 


  
1 1 


  3500477 Cambarus D. latimanus 11 
 


1 1 
 


5 4 
  3500478 Procambarus O. blandingii 1 1 


       3500484 Cambarus C. howardi 3 
 


1 1 
 


1 
   3500487 Procambarus O. acutus 8 


 
2 1 


 
4 1 


  3500491 Procambarus O. hirsutus 10 1 1 5 
 


2 1 
  3500492 Cambarus D. latimanus  


 
1 


      3500492 Procambarus O. hirsutus 13 1 1 7 3 
    3500493 Cambarus D. latimanus  1 2 


   
1 


  3500493 Procambarus O. hirsutus 29 1 
 


4 
 


3 7 
  3500493 Procambarus S. troglodytes  


 
5 3 


 
1 


 
1 


 3500494 Procambarus S. troglodytes 1 
 


1 
      3500495 Cambarus P.   acuminatus 1 


     
1 


  3500496 Cambarus C. bartonii 2 
  


1 
 


1 
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Code Genus 
Sub 
gen. Species 


Total 
specimens F1 Males F2 Males Females Ovigerous 


Juv 
Male 


Juv 
Female Juv etc. 


3500497 Procambarus S. troglodytes 1 
  


1 
     3500502 Cambarus P.  acuminatus 3 


 
1 2 


     3500503 Cambarus P. sp. 9 
    


5 4 
  3500504 Cambarus P. cf acuminatus 2 


  
1 


 
1 


   3500507 Cambarus sp. 4 
    


3 1 
  3500508 Cambarus J. asperimanus  


  
1 


     3500508 Cambarus C. bartonii 17 1 1 7 
 


1 
 


6 
 3500509 Cambarus P.  acuminatus 3 


  
1 


 
2 


   3500510 Procambarus O. hirsutus 10 1 
 


2 
 


2 5 
  3500511 Procambarus O.  lunzi 11 2 2 


  
2 5 


  3500512 Procambarus O. lunzi 24 1 2 4 
 


8 9 
  3500513 Cambarus C. howardi  


 
2 2 


     3500513 Cambarus P. sp.  
  


1 
 


1 2 1 
 3500513 Cambarus P. spicatus 11 


 
1 1 


     3500514 Cambarus P. chaugaensis 2 
 


1 1 
     3500515 Procambarus O. hirsutus 4 


  
1 


  
3 


  3500517 Cambarus P. aldermanorum 3 1 
   


1 1 
  3500519 Cambarus P. cf acuminatus 1 


    
1 


   3500520 Procambarus O. acutus 2 
  


2 
     3500521 Cambarus P. aldermanorum 23 


  
5 


 
12 6 


  3500522 Cambarus C. howardi 1 
  


1 
     3500523 Cambarus P. sp. 9 


    
4 5 


  3500524 Cambarus P. aldermanorum 12 
  


1 
 


4 7 
  3500525 Procambarus O. acutus 3 2 


 
1 


     3500526 Cambarus D.  cf latimanus 7 
 


1 1 
 


1 3 
  3500526 Cambarus C. sp.  


     
1 


  3500528 Cambarus D. latimanus  
 


2 
  


1 2 
  3500528 Procambarus O. enoplosternum 18 


 
1 1 


 
7 3 1 


 3500530 Cambarus D. cf latimanus  
 


1 2 
 


2 5 
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Code Genus 
Sub 
gen. Species 


Total 
specimens F1 Males F2 Males Females Ovigerous 


Juv 
Male 


Juv 
Female Juv etc. 


3500530 Procambarus O. cf chacei  
     


4 
  3500530 Procambarus P. raneyi 15 


 
1 


      3500531 Cambarus P. cf chaugaensis  
  


2 
     3500531 Cambarus C. howardi  


 
3 5 


 
1 


 
3 


 3500531 Cambarus P. spicatus 17 
 


1 
  


1 1 
  3500532 Procambarus S. troglodytes 2 


  
2 


     3600534 Procambarus S. spiculifer 1 
  


1 
     3600535 Cambarus P. acuminatus  


 
1 1 


 
3 


   3600535 Cambarus C.  howardi 7 
 


1 1 
     3600536 Cambarus P. acuminatus  


 
2 4 


 
1 


   3600536 Procambarus P. spiculifer 8 1 
       3600538 Cambarus D. sp.  


    
2 


   3600538 Cambarus P. sp.  
     


1 
  3600538 Procambarus S. troglodytes 4 


  
1 


     3600539 Cambarus sp. 3 
     


3 
  3600540 Cambarus P.  acuminatus 2 


  
1 


  
1 


  3600541 Cambarus P. sp. 7 
    


3 4 
  3600542 Cambarus P.  acuminatus 5 


  
2 


 
1 2 


  3600543 Cambarus P. sp. 2 
    


2 
   3600544 Cambarus P. acuminatus  1 2 


  
2 3 


  3600544 Procambarus S. troglodytes 10 
 


1 1 
     3600545 Cambarus P.  acuminatus  


  
1 


 
3 7 


  3600545 Procambarus S. troglodytes 17 2 
 


4 
     3600546 Cambarus P. cf acuminatus  


 
1 


  
2 


   
3600546 Cambarus P. 


cf 
aldermanorum  


    
4 3 


  3600546 Cambarus D. latimanus 14 
 


1 1 
  


2 
  3600547 Cambarus P. cf acuminatus  


  
1 


 
1 2 


  3600547 Cambarus D. cf latimanus  
    


1 2 
  3600547 Procambarus S. troglodytes 11 1 1 1 


 
1 
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Code Genus 
Sub 
gen. Species 


Total 
specimens F1 Males F2 Males Females Ovigerous 


Juv 
Male 


Juv 
Female Juv etc. 


3600548 Cambarus P. 
cf 
aldermanorum  


  
3 


 
4 7 


  3600548 Cambarus D. sp. 19 
    


3 
 


2 
 3600549 Cambarus P. cf acuminatus 18 


 
2 1 


 
6 2 2 


 3600549 Cambarus D. sp.  
  


1 
 


1 3 
  3600550 Cambarus D. cf latimanus 13 


     
1 


  3600550 Cambarus sp.  
    


8 4 
  3600551 Cambarus P. acuminatus 16 1 1 1 


 
5 3 


  3600551 Cambarus D. cf latimanus  
  


1 
 


2 
 


2 
 


3600552 Cambarus P. 
cf 
aldermanorum 21 


 
2 1 


     3600552 Cambarus sp.  
    


10 8 
  3600553 Cambarus P. cf acuminatus  


  
1 


     3600553 Cambarus D. cf latimanus  
 


1 2 
 


3 
   3600553 Cambarus sp.  


    
7 8 


  3600553 Cambarus D. striatus  
  


1 
     3600553 Procambarus S. troglodytes 26 


  
2 


 
1 


   3600554 Cambarus sp. 4 
     


1 3 
 3600557 Cambarus D. latimanus 2 


    
1 1 


  3600558 Cambarus P.  acuminatus 2 
     


2 
  3600573 Cambarus P. acuminatus 4 2 


 
1 


  
1 


  3600585 Procambarus O. hirsutus 16 5 2 9 
     3600587 Cambarus C. bartonii 2 


 
1 


      3600587 Cambarus P. chaugaensis  
 


1 
      3600593 Procambarus O. acutus 5 5 


       3600594 Cambarus P.  hobbsorum 32 1 8 9 
 


6 8 
  3600600 Cambarus D. sp. 2 


  
1 


     3600600 Cambarus P. sp.  
    


1 
   3600606 Procambarus O. hirsutus 11 4 


 
5 


 
1 1 


  3600621 Cambarus C. bartonii 2 
 


2 
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Code Genus 
Sub 
gen. Species 


Total 
specimens F1 Males F2 Males Females Ovigerous 


Juv 
Male 


Juv 
Female Juv etc. 


3600622 Cambarus P. sp. 5 
    


3 2 
  3600623 Cambarus P. cf acuminatus 1 


  
1 


     3600624 Cambarus P. chaugaensis 12 
 


1 1 
 


3 6 
  3600624 Cambarus P. sp.  


  
1 


     3600626 Procambarus S. troglodytes 1 
 


1 
      3600627 Procambarus O hirsutus 55 6 3 12 2 14 18 


  3600628 Procambarus P. raneyi 2 1 
 


1 
     3600635 Procambarus S. troglodytes 1 


  
1 


     3600636 Procambarus O. hirsutus 9 2 
 


6 
  


1 
  3600645 Procambarus O. hirsutus 18 2 2 7 


 
4 3 


  3600646 Procambarus S. troglodytes 1 1 
       3600647 Procambarus S. troglodytes 1 


 
1 


      3600648 Procambarus P. echinatus 16 
 


1 3 
 


5 7 
  3600655 Procambarus O. hirsutus 4 


  
4 


     3700660 Cambarus sp. 3 
    


2 1 
  3700662 Cambarus P. cf acuminatus 3 


    
2 1 


  3700663 Cambarus sp. 1 
      


1 
 3700665 Cambarus C. howardi 3 


 
1 2 


     3700669 Cambarus D.  cf latimanus 1 
     


1 
  3700670 Cambarus P. cf acuminatus 1 


    
1 


   3700673 Cambarus P. cf acuminatus 4 
  


1 
 


1 2 
  3700675 Cambarus C. cf howardi 1 


  
1 


     3700676 Cambarus P. sp. 1 
     


1 
  3700677 Procambarus sp. 1 


      
1 


 3700678 Cambarus sp. 2 
    


1 1 
  3700681 Cambarus P. cf acuminatus 2 


    
2 


   3700696 Procambarus S. troglodytes 4 
 


1 
  


1 2 
  3700697 Procambarus sp. 1 


      
1 


 3700698 Procambarus S.  troglodytes 1 
    


1 
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Code Genus 
Sub 
gen. Species 


Total 
specimens F1 Males F2 Males Females Ovigerous 


Juv 
Male 


Juv 
Female Juv etc. 


3700699 Procambarus S. troglodytes 10 
    


2 4 4 
 3700700 Procambarus O. cf chacei 2 


    
1 1 


  3700701 Procambarus S. troglodytes 2 
    


1 1 
  3700705 Procambarus O. cf hirsutus 1 


  
1 


     3700706 Procambarus sp. 4 
    


2 2 
  3700707 Procambarus S. troglodytes 3 


    
1 1 1 


 3700709 Procambarus S.  cf troglodytes 2 
    


1 1 
  3700713 Cambarus D.  cf latimanus 3 


 
1 2 


     3700714 Procambarus S. troglodytes 1 
     


1 
  3700715 Procambarus O echinatus 12 


  
1 


 
2 3 


  3700715 Procambarus sp.  
    


4 
 


1 
 3700715 Procambarus S troglodytes  


    
1 


   3700716 Cambarus P. aldermanorum 6 
     


3 
  3700716 Cambarus P. sp.  


 
1 


  
1 1 


  3700717 Procambarus sp. 4 
    


1 2 1 
 3700718 Cambarus D.  latimanus  


 
1 


   
1 6 


 3700718 Procambarus O. hirsutus  
    


1 
   3700718 Procambarus S troglodytes 10 


    
1 


   3700720 Cambarus sp. 1 
     


1 
  3700721 Procambarus S. troglodytes 3 


    
2 1 


  3700751 Procambarus S.  clarkii 32 2 5 15 
 


1 9 
  3700754 Cambarus P. sp. 1 


     
1 


  3700759 Procambarus O. acutus 9 6 
 


3 
     Totals 


   
2883 273 319 557 21 653 755 304 
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Figure 1. Distribution of 4000+ crayfish records. 
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Figure 2. Spatial distribution of Cambarus howardi.  
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Figure 3. Spatial distribution of Cambarus bartonii. 
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Figure 4. Spatial distribution Cambarus latimanus. 
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Figure 5. Spatial distribution of Cambarus reflexus. 
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Figure 6. Spatial distribution of Cambarus reduncus. 
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Figure 7. Spatial distribution of Cambarus striatus. 
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Figure 8. Spatial distribution of Cambarus asperimanus. 
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Figure 9. Spatial distribution of Cambarus carolinus. 
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Figure 10. Spatial distribution of Cambarus nodosus. 
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Figure 11. Spatial distribution of Cambarus diogenes. 
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Figure 12. Spatial distribution of Cambarus acuminatus. 
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Figure 13. Spatial distribution of Cambarus chaugaensis. 
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Figure 14. Spatial distribution of Cambarus spicatus. 
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Figure 15. Spatial distribution of Cambarus hobbsorum. 
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Figure 16. Spatial distribution of Cambarus aldermanorum. 
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Figure 17. Spatial distribution of Distocambarus crockeri. 


 


 


 







48 
 


 


Figure 18. Spatial distribution of Distocambarus carlsoni. 
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Figure 19. Spatial distribution of Distocambarus hunteri. 
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Figure20. Spatial distribution of Distocambarus youngineri. 
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Figure 21. Spatial distribution of Fallicambarus fodiens. 
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Figure 22. Spatial distribution of Faxonella clypeata. 
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Figure 23. Spatial distribution of Procambarus barbatus. 
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Figure 24. Spatial distribution of Procambarus ancylus. 
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Figure 25. Spatial distribution of Procambarus acutus. 
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Figure 26. Spatial distribution of Procambarus blandingii. 
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Figure 27. Spatial distribution of Procambarus braswelli. 
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Figure 28. Spatial distribution of Procambarus chacei. 
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Figure 29. Spatial distribution of Procambarus enoplosternum. 
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Figure 30. Spatial distribution of Procambarus hirsutus. 
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Figure 31. Spatial distribution of Procambarus lepidodactylus. 
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Figure 32. Spatial distribution of Procambarus lunzi. 
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Figure 33. Spatial distribution of Procambarus pearsei. 
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Figure 34. Spatial distribution of Procambarus pubescens. 
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Figure 35. Spatial distribution of Procambarus echinatus. 
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Figure 36. Spatial distribution of Procambarus raneyi. 
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Figure 37. Spatial distribution of Procambarus spiculifer. 
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Figure 38. Spatial distribution of Procambarus troglodytes. 
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Figure 39. Spatial distribution of Procambarus clarkii. 
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[bookmark: _Toc437843178]Introduction

South Carolina Electric & Gas Company (SCE&G) is the Licensee for the Parr Hydroelectric Project (FERC No. 1894) (Project). The Project consists of the Parr Shoals Development and the Fairfield Pumped Storage Development. Both developments are located along the Broad River in Fairfield and Newberry Counties, South Carolina. 

The Project is currently involved in a relicensing process which involves cooperation and collaboration between SCE&G, as licensee, and a variety of stakeholders including state and federal resource agencies, state and local government, non-governmental organizations (NGO), and interested individuals. SCE&G has established several Technical Working Committees (TWC's) comprised of members from the interested stakeholders. The TWC’s objectives include the evaluation of relicensing issues and achieving consensus for addressing these issues in the new license.

The TWC identified the potential need for a crayfish survey based upon recommendations from the U.S. Fish and Wildlife Service ("USFWS"). On June 6, 2013, the USFWS noted that the Broad River Spiny Crayfish (Cambarus spicatus), a South Carolina species of special concern, may be located within the Project area and recommended that crayfish surveys for this species be performed in the Parr Shoals Reservoir and in the Broad River downstream of the Parr Shoals Dam. The South Carolina Department of Natural Resources currently designates this species with “special concern” status and is considering upgrading its priority rank from S3 to S2 (SC SWAP 2015). Additionally, the USFWS has been petitioned to list the Broad River Spiny Crayfish (BRSC) under the Endangered Species Act (USFWS 2011).  

[bookmark: _Toc437843179]RELEVANT Life history information

As noted, the Broad River Spiny Crayfish (BRSC) (Cambarus spicatus) is a species of concern in South Carolina. Eversole (1990) identified BRSC as having a distribution limited to lotic environments in the Broad River Basin. BRSC collections in the vicinity of the Project


[bookmark: _GoBack]historically occurredare known from within the Little River, a tributary to the Broad River, in Fairfield County. Although BRSC collections are limited, individuals are primarily associated with leaf litter and other organic debris located along the banks of streams. Preferred substrates are comprised primarily of sand and tend to be unstable in nature with a lack of rooted aquatic vegetation. Current information indicates that BRSC reproduce during the summer months (Eversole, 1990). BRSC was described by Hobbs (1956) as gray-green with cream, pink, purple and brown highlights. The chelae (the "claw" or "pincer") are green with orange tips and a double row of tubercles on the mesial margin of the palm. Individuals range from about 60 mm (2.4 inches) to 78 mm (3.1 inches) in length. 	Comment by Hamstead, Byron A: According to Arnie’s data, occurrences might be more recent than “historically” might suggest.	Comment by Hamstead, Byron A: Show distribution map from Eversole’s 2014 atlas (page 44, figure 14).

[bookmark: _Toc437843180]Study Objectives

The objective of this survey was to assess the presence of BRSC in the Parr Shoals Reservoir and in the Broad River downstream of the Parr Shoals Dam.

Based upon the life history information for BRSC and input from the USFWS (Appendix A) sampling sites were selected along the margins of the Broad River and associated tributaries, in areas of leaf litter/detritus. Collection areas included the Broad River at the Highway 34 Bridge (Photo 1, Photo 2), the Cannon’s Creek arm of Parr Reservoir (Photo 3), and downstream of Parr Dam at the confluence of the Broad River and Little River.



[image: C:\Users\Jared Porter\Desktop\Pics of Parr Crayfish Trap Locations\Hwy34 Trap Location.jpg]

[bookmark: _Toc437843195]Photo 1	Trap location on the Broad River near the Highway 34 Bridge

[image: C:\Users\Jared Porter\Desktop\Pics of Parr Crayfish Trap Locations\Hwy34 Trap Location2.jpg]

[bookmark: _Toc437843196]Photo 2	Trap location on the Broad River Near the Highway 34 Bridge





[image: C:\Users\Jared Porter\Desktop\Pics of Parr Crayfish Trap Locations\Cannon's Creek Trap Location.jpg]

[bookmark: _Toc437843197]Photo 3	Trap location on the Cannon's Creek Arm of Parr Reservoir

[image: J:\455\097\GIS\Crayfish Figure 1.jpg]

[bookmark: _Toc437843189][bookmark: _Ref363128763][bookmark: _Toc370802427]Figure 1	 Crayfish Sampling Areas Downstream of Parr Dam	Comment by Hamstead, Byron A: Show known occurrences on this map from Eversole’s 2014 report/atlas.  That is, show known occurrences in relation to study sites.  Label Broad River and Little River.

[image: J:\455\097\GIS\Crayfish Figure 2.jpg]

[bookmark: _Toc437843190]Figure 2	Crayfish Sampling Areas at Highway 34 and Cannon's Creek



[bookmark: _Toc437843181]COLLECTION methods

Sampling at all locations occurred from early September to late October, 2015 (Table 1). Passive trap methods were utilized for this study. Traps consisted of double-entry, galvanized wire mesh crayfish traps with 1.5 inch opercula (Photo 4). Traps were baited with canned fish and canned cat food, and were re-baited when the traps were checked. A one-pound weight was originally placed in the traps to ensure that they remained submerged. However, after loss of gear due to flooding, traps were anchored to structures along the shoreline. Traps were deployed along shoreline habitats, in areas of detritus and/or leaf litter at all sampling sites. Traps were also placed in locations where water depth was sufficient to ensure that they remained inundated. Water quality parameters (temperature, DO, and conductivity) were periodically collected when traps were checked for crayfish.during trap checks throughout the study.	Comment by Hamstead, Byron A: How often? Plan says 3-4 days.

[image: C:\Users\Jared Porter\Desktop\Pics of Parr Crayfish Trap Locations\Picture of Trap.JPG]

[bookmark: _Toc437843198]Photo 4	Example of Crayfish Trap Used in the Study




[bookmark: _Toc130703732][bookmark: _Toc130703867][bookmark: _Toc130703734][bookmark: _Toc130703869][bookmark: _Toc130703738][bookmark: _Toc130703873][bookmark: _Toc437843182]Results

Traps at sites 1 and 2 fished for a total of 5,136 hours during this study (Table 1). Over the study period, water temperatures at the confluence of the Broad River and Little River ranged from 12-26°C, dissolved oxygen ranged from 8.5-10.6 mg/L, and conductivity ranged from 80-151 µS. No crayfish were collected, although traps at this site did collect several small sunfish throughout the study.

Traps at sites 3 and 4 were fished for a total of 4,860 hours during this study (Table 1). Over the study period, water temperatures at Cannon’s Creek ranged from 19-28°C, dissolved oxygen ranged from 6.6-7.9 mg/L, and conductivity ranged from 60-117 µS. No crayfish were collected. 

Traps at site 5 were fished for a total of 2,760 hours during this study (Table 1). Over the study period, water temperatures at the Highway 34 Bridge ranged from 16-25°C, dissolved oxygen ranged from 7.1-8.9 mg/L, and conductivity ranged from 65-159 µS. No crayfish were collected, although traps at this site did collect numerous small sunfish throughout the study. 











[bookmark: _Toc437843186]Table 1	Locations and Dates of Sampling Efforts



		 

		LOCATION

		NUMBER OF TRAPS AND DATES SAMPLED

		NOTES



		Confluence of Little River and Broad River

		Site 1 (34°10'32.73"N, 81°10'41.80"W)

		3 ‒ traps

 9/3/2015-10/4/2015

		2 ‒ traps

 10/20/2015-10/27/2015

		 

		Traps were replaced due to 10/4/2015 flood event



		

		Site 2 (34°10'35.45"N, 81°10'43.74"W)

		3 ‒ traps

 9/3/2015-10/4/2015

		2 ‒ traps

 10/20/2015-10/27/2015

		 

		



		Cannon's Creek Arm of Parr Reservoir

		Site 3 (34°16'56.08"N, 81°21'35.26"W)

		3 ‒ traps

 9/3/2015-10/4/2015

		2 ‒ traps

10/13/2015-11/2/2015

		 

		Traps were replaced due to 10/4/2015 flood event



		

		Site 4 (34°16'54.56"N, 81°21'12.86"W)

		2 ‒ traps

 9/3/2015-10/4/2015

		1 ‒ trap

10/13/2015-11/2/2015

		 

		



		Highway 34 Bridge

		Site 5 (34°23'37.39"N, 81°23'46.53"W)

		3 ‒ traps

9/3/2015-9/28/2015

		2 ‒ traps

 9/29/2015-10/4/2015

		2 ‒ traps

10/13/2015-10/28/2015

		Traps were replaced during study due to flooding and theft
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[bookmark: _Toc437843183]Discussion

No crayfish were collected during the BRSC study. During the American eel study performed in the Parr Shoals Dam tailrace area, approximately thirteen crayfish were collected in a large fyke net that sampled the west channel area during springtime collections. Through consultation with USFWS (Byron Hamstead), we identified these crayfish as either acuminate crayfish Cambarus acuminatus or Carolina needlenose crayfish Cambarus aldermanorum and a reference sample was kept in 70% ethanol. No BRSC were collected in the fyke net.



[bookmark: _Toc437843184]REFERENCES	Comment by Hamstead, Byron A: Should also cite Arnie’s 2014 Crayfish Report/Atlas

Eversole, Arnold G. 1990. Status Report on Cambarus (Puncticambarus) spicatus Hobbs, Distocambarus (Fitzcambarus) youngineri Hobbs, and Procambarus (Pennides) echinatus Hobbs. Completion Report. 21 pp.
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United States Fish and Wildlife Service (USFWS). 2011. Endangered and threatened wildlife and plants; partial 90-day finding on a petition to list 404 species in the southeastern United States as endangered or threatened with critical habitat. Federal Register 76: 59836–59862.
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Appendix A

Study Site Collection Notes	Comment by Hamstead, Byron A: Good idea. I look forward to seeing this.
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From: Thomas McCoy
To: ARGENTIERI, WILLIAM R
Cc: Kelly Kirven; Henry Mealing
Subject: RE: American Eel Collections downstream of Parr Dam Final Report 2016
Date: Thursday, February 04, 2016 10:51:43 AM
Attachments: image001.png

image002.png

Bill,
Believe me….I am not the American eel expert, but I wonder if we need another year or not, due to
the flooding. However, looking at the data from SCDNR, it appears that they are not moving further
than Columbia, so I am torn between yes for another year due to the flooding and no due to the five
years of data. This is my opinion. In some regards, I think we might not need any more survey work,
but defer to our discussion in March with SCDNR and NFMS. You are correct, it could be worked out
in the PM&E measures.
Please let me know if I can provide any further assistance.

Tom
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of Information Act and may
be disclosed to third parties.

From: ARGENTIERI, WILLIAM R [mailto:BARGENTIERI@scana.com] 
Sent: Thursday, February 04, 2016 10:21 AM
To: 'Thomas McCoy'
Cc: Kelly Kirven; Henry Mealing
Subject: RE: American Eel Collections downstream of Parr Dam Final Report 2016

Tom,
Thanks for the comments. KA will incorporate your requested editorial changes. I was curious
as to whether you are requesting a second year of eel studies as part of the Accord or as part
of our Parr Relicensing. Both study plans were for one year. As far as Parr Relicensing, we need
to move forward and start working toward PM&E measures for the draft license application.
If the Accord wants to do another year of studies, someone will need to submit a new study
plan through the TC and get Board approval.
What are your thoughts?
Bill

From: Thomas McCoy [mailto:Thomas_McCoy@fws.gov] 
Sent: Thursday, February 04, 2016 9:07 AM
To: Henry Mealing <Henry.Mealing@kleinschmidtgroup.com>
Cc: ARGENTIERI, WILLIAM R <BARGENTIERI@scana.com>; Kelly Kirven
<Kelly.Kirven@kleinschmidtgroup.com>
Subject: RE: American Eel Collections downstream of Parr Dam Final Report 2016
***This is an EXTERNAL email. Please do not click on a link or open any attachments unless
you are confident it is from a trusted source.

Henry,
Attached are my comments for your review. I am not sure if we need to have more time in the water
for the AMEL or not – I would l defer to the experts on that comment and whether or not AMEL
make it to Parr or not.

mailto:Thomas_McCoy@fws.gov
mailto:BARGENTIERI@scana.com
mailto:Kelly.Kirven@KleinschmidtGroup.com
mailto:Henry.Mealing@KleinschmidtGroup.com
mailto:BARGENTIERI@scana.com
mailto:Thomas_McCoy@fws.gov
mailto:Henry.Mealing@kleinschmidtgroup.com
mailto:BARGENTIERI@scana.com
mailto:Kelly.Kirven@kleinschmidtgroup.com
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Please let me know if I can provide any further assistance.

Tom
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of Information Act and may
be disclosed to third parties.

From: Henry Mealing [mailto:Henry.Mealing@KleinschmidtGroup.com] 
Sent: Thursday, February 04, 2016 8:23 AM
To: Thomas McCoy
Cc: Bill Argentieri - SCE&G (BArgentieri@scana.com); Kelly Kirven
Subject: RE: American Eel Collections downstream of Parr Dam Final Report 2016

Tom,
Thanks for your question – let me give a little clarification. We sent the draft out to the Parr
Relicense Team in December 2015. SCDNR requested a time extension on comments until the
end of January 2016. We agreed with that and SCDNR sent us their comments on the draft

report the 3rd week of January. We never received comments from any other Relicense
stakeholder and thought that was it. We incorporated all of the SCDNR comments into the file
I just sent to you for the ACCORD.
This may have been a report that slipped by USFWS review during Bryon’s transition and
Christmas. Of course we would be interested to see your comments on the report as the
USFWS for relicensing of the Parr Project – and as part of the ACCORD. I don’t know if they will
be different for one versus the other – but let us know if there is a difference.
Thanks again and please give me a call if we need to discuss further.
Henry
Henry Mealing
Fisheries Biologist / Project Manager

204 Caughman Farm Lane
Suite 301
Lexington, SC 29072
706-339-3209
www.KleinschmidtGroup.com

From: Thomas McCoy [mailto:Thomas_McCoy@fws.gov] 
Sent: Thursday, February 04, 2016 7:39 AM
To: Henry Mealing <Henry.Mealing@KleinschmidtGroup.com>
Subject: RE: American Eel Collections downstream of Parr Dam Final Report 2016
Henry,
Do you want our comments now or wait until the meeting next month?
Please let me know if I can provide any further assistance.

Tom

mailto:Henry.Mealing@KleinschmidtGroup.com
mailto:BArgentieri@scana.com
http://www.kleinschmidtusa.com/
mailto:Thomas_McCoy@fws.gov
mailto:Henry.Mealing@KleinschmidtGroup.com


NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of Information Act and may
be disclosed to third parties.

From: Henry Mealing [mailto:Henry.Mealing@KleinschmidtGroup.com] 
Sent: Wednesday, February 03, 2016 8:16 PM
To: Bill Argentieri - SCE&G (BArgentieri@scana.com); Tom McCoy (thomas_mccoy@fws.gov)
Cc: Jared Porter; Kelly Kirven; Shane Boring; Alison Jakupca
Subject: American Eel Collections downstream of Parr Dam Final Report 2016

Bill and Tom,
Attached is the final report of American eel surveys downstream of Parr Shoals Dam. Please
let me know if you have any questions.
Henry
Henry Mealing
Fisheries Biologist / Project Manager

204 Caughman Farm Lane
Suite 301
Lexington, SC 29072
706-339-3209
www.KleinschmidtGroup.com

mailto:Henry.Mealing@KleinschmidtGroup.com
mailto:BArgentieri@scana.com
mailto:thomas_mccoy@fws.gov
http://www.kleinschmidtusa.com/


From: Thomas McCoy
To: Kelly Kirven
Subject: RE: Final WQFW RCG Meeting Notes
Date: Wednesday, March 02, 2016 6:35:14 AM
Attachments: Final Parr RTE Desktop Assessment 12-7-15TDMedits.pdf

Hi Kelly,

Attached are my edits for the Desktop Assessment for your review.

Please let me know if I can provide any further assistance.
Tom
NOTE: This email correspondence and any attachments to and from this
sender are subject to the Freedom of Information Act and may be disclosed
to third parties.

-----Original Message-----
From: Kelly Kirven [mailto:Kelly.Kirven@KleinschmidtGroup.com]
Sent: Tuesday, March 01, 2016 1:40 PM
To: Alex Pellett (PellettC@dnr.sc.gov); Alison Jakupca; ARGENTIERI,
WILLIAM R; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler
(CRK@congareeriverkeeper.org); Caleb Gaston (caleb.gaston@scana.com); Chad
Altman (altmankc@dhec.sc.gov); Charlene Coleman (cheetahtrk@yahoo.com);
Chris Johnston (JohnstonWC@gmail.com); Chuck Hightower
(hightocw@dhec.sc.gov); David Eargle (eargleda@dhec.sc.gov); Dick Christie
(christied@dnr.sc.gov); Frank_Henning@nps.gov; Fritz Rohde
(Fritz.Rohde@noaa.gov); Gerrit Jobsis (gjobsis@americanrivers.org); Greg
Mixon (mixong@dnr.sc.gov); Hal Beard (BeardH@dnr.sc.gov); Henry Mealing;
J. Hagood Hamilton Jr. (jhamilton@scana.com); Jaclyn Daly
(Jaclyn.Daly@noaa.gov); Jim Glover (gloverjb@dhec.sc.gov); Jon Durham
(jondurham@bellsouth.net); Kelly Kirven; Lorianne Riggin
(RigginL@dnr.sc.gov); Malcolm Leaphart (mwleapjr@att.net); Mark Caldwell
(mark_caldwell@fws.gov); Mel Jenkins (greenpalmetto@yahoo.com); Pace
Wilber (Pace.Wilber@noaa.gov); rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Ron Ahle;
Rusty Wenerick (weneriwr@dhec.sc.gov); Sam Stokes (stokess@dnr.sc.gov);
Scott Castleberry (castlews@dhec.sc.gov); Scott Harder; Shane Boring;
Steve Summer; STUTTS, BRANDON G; Tom McCoy (thomas_mccoy@fws.gov); Wayne
and Ginny Boland (wayneboland@bellsouth.net)
Subject: Final WQFW RCG Meeting Notes

All,

Attached for your record are the final meeting notes from the WQFW RCG
meeting that was held on January 21, 2016.  These notes will also be
available on the project website at
www.parrfairfieldrelicense.com<http://www.parrfairfieldrelicense.com>

Thanks,
Kelly

Kelly Miller Kirven
Regulatory Coordinator
[2012 Email Logo]
Office: 803.462.5633

mailto:Thomas_McCoy@fws.gov
mailto:Kelly.Kirven@KleinschmidtGroup.com
mailto:Kelly.Kirven@KleinschmidtGroup.com
http://www.parrfairfieldrelicense.com/
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PARR HYDROELECTRIC PROJECT 
FERC NO. 1894 


RARE, THREATENED AND ENDANGERED SPECIES DESKTOP ASSESSMENT 
SOUTH CAROLINA ELECTRIC & GAS COMPANY 


1.0 INTRODUCTION 


The Parr Hydroelectric Project (Project) (FERC No. 1894) is located along the Broad River in 


Newberry and Fairfield counties, South Carolina and is owned and operated by South Carolina 


Electric & Gas Company (SCE&G). The Project consists of two developments, including the 


Parr Shoals Development and the Fairfield Pumped Storage Development. The Project location 


is depicted in Figure 2-1. 


In preparation for relicensing, SCE&G consulted with local, state and Federal agencies and other 


interested stakeholders to identify potential impacts of Project operations on natural resources. A 


Rare, Threatened and Endangered Species Technical Working Committee (“RT&E TWC” or 


“TWC”) was formed and is comprised of representatives from the United States Fish and 


Wildlife Service (USFWS), National Marine Fisheries Service (NMFS), South Carolina 


Department of Natural Resources (SCDNR), South Carolina Department of Health and 


Environmental Control (SCDHEC), non-governmental organizations (NGOs), SCANA/SCE&G 


and other interested individuals. In addition to several field surveys for selected species, the 


TWC agreed upon a literature-based assessment to summarize the status of federally and state 


listed rare, threatened and endangered species (RT&E) occurring in the Parr Hydroelectric 


Project vicinity. As outlined in the RT&E Species Study Plan (Appendix A), the objective of this 


assessment was to identify those species potentially occurring in the Project vicinity, which 


includes habitats within the Project Boundary and in the downstream reach of the Broad River 


that is influenced by the Project (Richland County), based on review of occurrence data and 


habitat requirements. We also note that site-specific surveys are being conducted for American 


eel and Broad River spiny crayfish, and as such, only life history information is included for 


these species. 
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2.0 CONSULTATION HISTORY 


During initial consultation, the USFWS provided county-level listings of RT&E species 


occurring in the two county regions surrounding the Project (Fairfield and Newberry counties; 


Appendix B). At the May 16, 2013 RT&E TWC meeting, the TWC discussed several species 


that should be addressed during relicensing (meeting notes are in Appendix C). SCDNR 


requested that the TWC add eight species to this analysis that are not state or federally-listed, but 


are considered state conservation priority species (Table 4-3). Based on a review of the initial  


draft of this report, two additional mussel species that are not state or federally listed but are state 


conservation priority species (yellow lampmussel and Roanoke slabshell) were also added to this 


analysis (Table 4-3). The TWC agreed that SCE&G would conduct a literature-based review to 


determine habitat requirements for each of these species and compare those requirements with 


typical habitat types known to occur in the study area for this report. 


The RT&E TWC met again on October 22, 2013 to discuss the Rare, Threatened and 


Endangered Species Desktop Assessment Study Plan (study plan in Appendix A; meeting notes 


in Appendix C). At this meeting, the TWC agreed to extend the study area to include areas of the 


Broad River downstream of the Project Boundary. More specifically, they agreed that the study 


area would include habitats within the Project Boundary (Project Area) (Figure 2-1), as well as 


the reach of the Broad River from Parr Shoals Dam through Frost Shoals, near Boatwright Island 


(Figure 2-2). This area encompasses three counties in South Carolina: Newberry, Fairfield and 


Richland counties. 


In addition, the USFWS revised their initial species list and included several Federal At-Risk 


species and several species of “Birds of Conservation Concern” for the southeast region (email 


dated August 24, 2015). We reviewed this list and updated this analysis to include all of the 


species requested by the USFWS. 
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FIGURE 2-1 PARR HYDROELECTRIC PROJECT LOCATION MAP 
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FIGURE 2-2 DOWNSTREAM RT&E STUDY AREA 
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3.0 METHODOLOGY 


As an initial step, the USFWS county-level listings for Newberry, Fairfield and Richland 


counties were reviewed to identify species potentially occurring in the study area that are 


federally listed as threatened or endangered under the US Endangered Species Act of 1972 


(ESA), or are candidates for such listing. Additionally, at the request of USFWS, county-level 


listings for Newberry, Fairfield and Richland counties were reviewed to identify species 


potentially occurring in the study area that are considered at-risk species. USFWS also requested 


that a number of birds that are included on the 2008 Birds of Conservation Concern list be 


included for review. SCDNR county-level listings for the three counties were also reviewed to 


identify species that are state listed under the South Carolina Nongame and Endangered Species 


Conservation Act of 1974. Bald eagle, which was removed from the federal endangered species 


list in 2007, was included in the assessment because of its continued protection under the Bald 


and Golden Eagle Protection Act of 1938. As previously noted, ten species that are considered 


priority species in the SCDNR’s Comprehensive Wildlife Conservation Strategy (SCDNR 2006), 


and are documented as occurring in the three counties of interest, were also added to the analysis 


(Table 4-3). Known ranges, life history and habitat requirements for each of these species were 


then summarized and compared to conditions occurring in the study area to determine the 


potential for occurrence and to identify potential Project effects. 
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4.0 SPECIES DESCRIPTIONS AND ANALYSIS  


4.1 FEDERALLY LISTED SPECIES – THREATENED OR ENDANGERED 


Eleven species that are federally listed as threatened or endangered, or are candidates for such 


listing, are included on the USFWS county-level listings for the three counties of interest  


(Table 4-1). None of the federally listed species on Table 4-1 have critical habitat designated in 


the study area. Life history information and habitat requirements for these species, as well as 


their status within the study area and potential to be affected by continued operation of the 


Project, are summarized below. 


TABLE 4-1 FEDERALLY LISTED AND CANDIDATE SPECIES OCCURRING IN RICHLAND, 
FAIRFIELD, AND NEWBERRY COUNTIES, SOUTH CAROLINA 
(SOURCE: USFWS 2013A) 


 


COMMON NAME SCIENTIFIC NAME FEDERAL 
STATUS1    


STATE 
STATUS2 COUNTIES 


Birds 
Bald eagle Haliaeetus 


leucocephalus 
P T Newberry, Fairfield, 


Richland 
Red-cockaded 
woodpecker 


Picoides borealis E E Richland 


Wood stork Mycteria americana E E Newberry, Richland 
Fish 
Atlantic sturgeon Acipenser oxyrinchus 


oxyrinchus 
E E Richland 


Shortnose sturgeon Acipenser brevirostrum E E Richland 
Mammals 
Northern long-eared bat Myotis septentrionalis T   


Invertebrates 
Carolina heelsplitter Lasmigona decorata E  Newberry, Fairfield, 


Richland 
Plants 
Canby's dropwort Oxypolis canbyi E  Richland 
Georgia aster Symphyotrichum 


georgianus 
C  Fairfield, Richland 


Rough-leaved loosestrife Lysimachia 
asperulaefolia 


E  Richland 


Smooth coneflower Echinacea laevigata E   Richland 
 
1  Federal Status – E (listed as Endangered under ESA); T (listed as Threatened under ESA); C (Candidate for 


Federal listing); SC (Federal Species of Concern); P (Federally protected). 
2 State Status – E (state listed as endangered); T (state listed as threatened) 
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4.1.1 BALD EAGLE 


The bald eagle was removed from the federal list of threatened species in 2007 (USFWS 2007a) 


but remains protected as a state endangered species under the South Carolina Nongame and 


Endangered Species Conservation Act, and federally under the Bald and Golden Eagle 


Protection Act and Migratory Bird Treaty Act (16 U.S.C.668-668d) (72 FR 37345-37372). Bald 


eagles are found throughout North America, typically around water bodies, where they feed 


primarily on fish and carrion. Studies suggest that reservoirs, especially those associated with 


hydroelectric facilities, are particularly attractive to foraging bald eagles (Brown 1996). Eagles 


nest in large trees near water and typically repair and use the same nest for several years, 


(Degraaf and Rudis 1986). In South Carolina, the distribution of eagle nesting has expanded 


from the coast to encompass more inland areas. This expansion has been attributed to the 


construction of approximately 491,000 acres of large reservoirs in the state since the early 1900s 


(Wilde et al. 2003). In South Carolina, the number of estimated nesting pairs has increased from 


13 in 1977 to 181 in 2003 (Wilde et al. 2003). 


Status in the Study Area 


Bald eagles are commonly observed in the study area (SCE&G 2010), with Monticello and Parr 


reservoirs, as well as the lower Broad River, providing abundant foraging habitat. In addition, 


nine bald eagle nests are known to occur in the study area and the surrounding vicinity (SCE&G 


unpublished data) (Figure 4-1). 
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FIGURE 4-1  EAGLE NEST LOCATIONS IN THE VICINITY OF THE PARR PROJECT  
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Determination of Effect 


Continued operation of the Project is not likely to result in negative effects on eagle foraging or 


nesting. SCE&G tracks bald eagle nesting in the Project Area and utilizes this information to 


minimize potential impacts of various shoreline management activities on eagle nests. 


Specifically, SCE&G refrains from issuing shoreline permits for activities within 660 ft of an 


active nest during the nesting season (September through May) and 330 ft during the non-nesting 


season. This policy is in adherence to the USFWS habitat guidelines for nesting bald eagles 


(USFWS 2007b). SCE&G also frequently consults with USFWS Ecological Services staff 


regarding proposed activities in the vicinity of known nests. 


4.1.2 RED-COCKADED WOODPECKER 


The red-cockaded woodpecker (RCW) is endemic to open, mature, and old growth pine 


ecosystems in the southeastern United States (USFWS 2003). Over 97% of the pre-colonial era 


RCW population has been eradicated, leaving only roughly 14,000 RCWs living in about 5,600 


colonies scattered across eleven states, including South Carolina. RCW decline is generally 


attributed to a loss of suitable nesting and foraging habitats, including longleaf pine systems, due 


to logging, agriculture, fire suppression, and other factors (USFWS 2003). Suitable nesting 


habitat generally consists of open pine forests and savannahs with large, older pines and minimal 


hardwood midstory or overstory. Living trees, especially older trees that are susceptible to red-


heart disease making them more easily excavated, provide the RCWs preferred nesting cavities. 


Suitable foraging habitat consists of open-canopy, mature pine forests with low densities of small 


pines, little midstory vegetation, limited hardwood overstory, and abundant bunchgrass and forb 


groundcover (USFWS 2003). 


Status in the Study Area 


There are no known reports of RCWs in areas surrounding the Project or along the lower Broad 


River. Further, there is no known longleaf pine savanna habitat in the study area. 
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Determination of Effect 


Based on the lack of suitable habitat, it is very unlikely that this species occurs in the study area 


and thus would not be affected by continued operation of the Project. 


4.1.3 WOOD STORK 


The wood stork is a large, colonial wading bird and is the only stork species that breeds in the 


United States (USFWS 1996). It was federally listed as endangered in 1984, primarily due to loss 


of wetland habitat throughout its range, but recently its status has been proposed for downlisting 


from endangered to threatened due to significant population recovery (USFWS 2012b). It uses a 


variety of wetlands for nesting, feeding, and roosting. Nesting colonies (rookeries) in South 


Carolina are typically surrounded by extensive palustrine forested wetlands. Nests are usually 


located in the upper branches of large black gum or cypress trees, and several nests are typically 


located in each tree. Like most wading birds, storks feed primarily on small fish. Shallow, open 


water is required for successful foraging, and depressions where fish become concentrated 


during periods of falling water levels are particularly attractive sites. Currently, nesting of the 


species in the United States is thought to be limited to the coastal plain of South Carolina, North 


Carolina, Georgia, and Florida (Murphy and Hand 2013), which is consistent with recent survey 


work that found no nesting on the adjacent Saluda Hydroelectric Project (Kleinschmidt 2005). 


Status in the Study Area 


Periodic foraging of wood storks has been documented in the adjacent Saluda River Basin 


(Kleinschmidt 2005). Shallow backwaters in the study area, particularly in the upper reaches of 


the Parr Reservoir, may provide foraging habitat for transient wood storks. Although habitat is 


present, wood stork use of these areas has not been documented. 


Determination of Effect 


Project operations are expected to result in no effects on wood storks or their habitat. In fact, 


fluctuating water levels in Parr Reservoir could enhance foraging habitat by periodically trapping 


fish in shallow pool areas. 
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4.1.4 ATLANTIC STURGEON 


The Atlantic sturgeon is a large (up to 5.5m in length), long-lived (up to 60 years) anadromous 


species that was historically present in the Santee Basin at least as far inland as the fall line 


(Newcomb and Fuller 2001). The Carolina Distinct Population Segment of Atlantic sturgeon, 


which includes the Santee Basin population, is federally listed as endangered (77 FR 5914), 


primarily due to overharvesting for flesh and eggs (caviar) during the early to mid-20th Century, 


as well as habitat degradation and blockage of access to historical spawning grounds 


(NMFS1998a). 


The Atlantic sturgeon is considered estuarine anadromous, spending most of it life in estuarine 


and ocean environments and undertaking spawning migrations into riverine systems during late-


winter and spring months (NMFS 1998a; Marcy et al. 2005). Spawning typically occurs over 


hard bottoms of clay, rubble, or gravel, with flowing water and temperatures of 14 - 24°C. After 


spawning, females typically return to estuarine environments within 4 to 6 weeks, while males 


may remain in the river through the fall. Juveniles of this species remain in the natal rivers for 


three to five years before migrating to the ocean (Marcy et al. 2005). 


Status in the Study Area 


Atlantic sturgeon were historically present at least as far inland as the fall line (Newcomb and 


Fuller 2001). Current upstream distribution in the Santee Basin is thought to be limited by the 


lack of passage for Atlantic sturgeon at the Santee Cooper Dams1. This information indicates that 


this species does not occur in the Project study area. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. 


                                                 
1 Bill Post (SCDNR), personal communication, April 24, 2014. 







 


 
DECEMBER 2015 - 12 -  


4.1.5 SHORTNOSE STURGEON 


The shortnose sturgeon is federally listed as endangered and is thought to have occurred 


historically in the reach of the Broad River encompassed by the Project (Welch 2000, Newcomb 


and Fuller 2001). Shortnose sturgeon are amphidromous (semi-anadromous) spending portions 


of their life cycle in low salinity estuaries and portions in freshwater rivers (NMFS 1998b; 


Kynard 1997; Buckley and Kynard 1985). Shortnose sturgeon begin migrating to spawning areas 


of inland riverine reaches in the spring (typically mid-February through March in South 


Carolina) when water temperatures rise above 9 °C (Kynard 1997, Hall et al. 1991). Shortnose 


sturgeon spawning has been documented in the Congaree River near the City of Columbia over 


substrates of sand, gravel and rock, at temperatures ranging from 9.7-15.6°C, and dissolved 


oxygen concentrations of 10.6-12.5 mg/L (Collins et al. 2003). 


Status in the Study Area 


Population groups of shortnose sturgeon are known from downstream of the Santee-Cooper 


dams in the lower Santee and Cooper rivers (Collins et al. 2003). An additional dam-locked 


spawning population of shortnose sturgeon has been documented in the Santee-Cooper lakes 


(with Lake Marion and its tributaries harboring the most significant number of fish) and 


upstream in the Congaree River. Radio-telemetry studies have documented migration of 


shortnose sturgeon as far upstream on the Congaree as the Blossom Street Bridge adjacent to the 


City of Columbia (Finney et al. 2006). However, consultation with SCDNR Diadromous Fish 


Program staff suggests that this occurrence was based on a small number of observations (2 fish) 


and that their radiotelemetry data suggest that shortnose sturgeon activity is primarily limited to 


areas downstream of Granby Lock and Dam2. Granby Lock and Dam is located approximately 


one mile downstream of the Blossom Street Bridge and approximately five miles downstream of 


the Columbia Hydroelectric Project Fishway (fishway). The fishway was designed to provide 


passage of blueback herring and American shad to historic spawning grounds in the Broad River 


downstream of Parr Shoals Dam and was intended to be “sturgeon friendly”. Shortnose sturgeon 


have not been documented upstream of the Blossom Street Bridge in recent history, nor have any 


been documented passing into the study area through the fishway since annual monitoring began 


in 2007. In August of 2015, the Water Quality, Fish, and Wildlife Resource Conservation Group 


                                                 
2 Bill Post (SCDNR), personal communication, April 24, 2014. 
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(RCG) identified that peaking flows from the Project could impact spawning habitat for 


shortnose sturgeon downstream in the Congaree River. SCE&G is examining this issue and will 


include those results in the Determination of Effect for this species prior to filing the Final 


License Application. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species within the 


study area due to a likely lack of occurrence. It should be noted, however, that SCE&G is 


currently performing a study to determine if peaking flows from the Project influence a 


documented shortnose sturgeon spawning area downstream of the study area in the Congaree 


River. As previously noted, this Determination of Effect will be updated prior to issuance of the 


Final License Application, pending results of the aforementioned study. 


4.1.6 NORTHERN LONG-EARED BAT  


The northern long-eared bat is a species federally listed as threatened (USFWS 2015b). The full 


range of this species spans much of the eastern and north central United States as well as the 


majority of Canada. The main cause of their population decline is disease; specifically white-


nose syndrome (USFWS 2015b). White-nose syndrome has spread rapidly since its first 


occurrence throughout the northeastern and midwestern United States. 


Northern long-eared bats exhibit “delayed fertilization,” in which the female stores the male’s 


sperm after mating through the hibernation period (USFWS 2015b). In spring, after hibernation 


has ended, the stored sperm fertilizes a female’s egg. The females migrate south and roost in 


small communities of 30 to 60 bats (USFWS 2015b). The northern long-eared bat gives birth to 


one pup that is able to fly 18 to 21 days after birth. This bat hibernates in the winter in humid 


caves with a constant air temperature and spends summers roosting in trees and snags (USFWS 


2015b). Males and non-reproductive females may roost in cooler areas such as caves. 
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Status in the Study Area 


As of April 2015, the USFWS lists the following South Carolina counties within the range of the 


Northern long-eared bat: Laurens, Anderson, Pickens, Greenville, Spartanburg, Oconee, 


Abbeville, Cherokee, Union, and York (USFWS 2015b). Currently, the species is not known to 


occur within the study area, although there is the possibility it could migrate further down in the 


state. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. If northern long-nose bat does occur, but has not been 


documented, its presence would likely be limited to the hibernation period. There are no known 


hibernation caves located within the Project Boundary and SCE&G does not plan to alter the 


shoreline classifications to accommodate extensive development. 


4.1.7 CAROLINA HEELSPLITTER 


The Carolina heelsplitter is the only South Carolina freshwater mussel currently listed as 


federally endangered (Price 2006). Although it was once found in large rivers and streams, the 


Carolina heelsplitter is now restricted to cool, clean, shallow, heavily shaded streams of 


moderate gradient. Stable streambanks and channels, with pool, riffle and run sequences, little or 


no fine sediment, and periodic natural flooding, appear to be required for the Carolina 


heelsplitter. 


Status in the Study Area 


Carolina heelsplitter is known to occur in isolated populations distributed in the Savannah, Pee 


Dee, and Catawba drainages and is not known to occur in the Broad River Basin (Price 2006) or 


within the study area. 
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Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. 


4.1.8 CANBY’S DROPWORT 


Canby’s dropwort is a perennial plant that grows in coastal plain habitats including wet 


meadows, wet pineland savannas, ditches, sloughs, and around the edges of cypress-pine ponds 


(USFWS 2010). The healthiest populations seem to occur in open bays or ponds, which are wet 


most of the year and have little or no canopy cover. Ideal soils for Canby's dropwort have a 


medium to high organic content and a high water table. They are also acidic, deep, and poorly 


drained. 


Status in the Study Area 


Canby’s dropwort is a coastal plain species and thus would not be expected to occur in the 


portion of Richland County occupied by the study area. This assumption is consistent with result 


of surveys by Nelson (2006, 2007), which failed to document the species on the adjacent V.C. 


Summer Nuclear Station site. 


Determination of Effect 


Because Canby’s dropwort is not expected to occur in the study area, continued operation of the 


Project would likely result in no effect on the species. 


4.1.9 GEORGIA ASTER 


Georgia aster is classified as a candidate for federal listing as threatened or endangered by the 


USFWS (2013b). Habitat for this species consists of dry, rocky woodlands, woodland borders, 


roadbanks, and powerline rights-of-way (Weakley 2012). It is thought to be a relict species of the 


post oak-savanna communities that existed in the southeast prior to fire suppression. 
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Status in the Study Area 


Although no site-specific occurrence data are available for the study area, Nelson (2006, 2007) 


found no Georgia aster on the adjacent V.C. Summer Nuclear Station but concluded that suitable 


habitat exists on the site. Georgia aster is also known from several locations on the nearby 


Sumter National Forest (USDA 2010). 


Determination of Effect 


Habitat for Georgia aster may exist within the Project study area; however, potential occurrences 


would be limited to terrestrial sites, which should not be affected by continued operation of the 


Project. 


4.1.10 ROUGH-LEAF LOOSESTRIFE 


Rough-leaf loosestrife generally occurs in the ecotones or edges between longleaf pine uplands 


and pond pine pocosins (areas of dense shrub and vine growth usually on a wet, peaty, poorly 


drained soil), on moist to seasonally saturated sands, and on shallow organic soils overlaying 


sand (NatureServe 2013). Rough-leaf loosestrife has also been found on deep peat in the low 


shrub community of large Carolina bays (shallow, elliptical, poorly drained depressions of 


unknown origin). The grass-shrub ecotone, where rough-leaf loosestrife is found, is fire-


maintained, as are the adjacent plant communities (longleaf pine-scrub oak, savanna, flatwoods, 


and pocosin). Suppression of naturally occurring fire in these ecotones, results in shrubs 


increasing in density and height and expanding to eliminate the open edges required by this 


plant. 


Status in the Study Area 


The pine pocosin and Carolina bay environments required by this species do not occur in the 


Piedmont; therefore, rough-leaf loosestrife is extremely unlikely to occur in the study area. 


  







 


 
DECEMBER 2015 - 17 -  


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. 


4.1.11 SMOOTH CONEFLOWER 


Smooth coneflower is typically found in open woods, cedar barrens, roadsides, clearcuts, dry 


limestone bluffs, and power line rights-of-way, usually on magnesium and calcium rich soils 


associated with amphibolite, dolomite or limestone (in Virginia), gabbro (in North Carolina and 


Virginia), diabase (in North Carolina and South Carolina), and marble (in South Carolina and 


Georgia) (USFWS 2012a). Smooth coneflower occurs in plant communities that have been 


described as xeric hardpan forests, diabase glades, or dolomite woodlands. Optimal sites are 


characterized by abundant sunlight and little competition in the herbaceous layer. Natural fires, 


as well as large herbivores, historically influenced the vegetation in this species' range. Many of 


the herbs associated with smooth coneflower are also sun-loving species that depend on periodic 


disturbances to reduce the shade and competition of woody plants. 


Status in the Study Area 


The diabase glade habitat required by this species is not known to occur in areas around 


Monticello and Parr reservoirs or along the lower Broad River. Although no site-specific surveys 


have been performed, surveys by Nelson (2006, 2007) failed to document smooth coneflower on 


the adjacent V. C. Summer Nuclear Station Project area and concluded that appropriate habitat 


for the species does not occur on the site. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. 
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4.2 FEDERALLY LISTED SPECIES – AT-RISK SPECIES 


The USFWS lists an additional fifteen species as At-Risk Species for the three counties of 


interest (Table 4-2). Only life history information is included in this section for Broad River 


spiny crayfish and the American eel, since site-specific surveys are being performed. 


Rafinesque’s big-eared bat is not discussed in this section, as it is also a South Carolina state-


listed species, and is discussed under section 4.3. Robust redhorse is a state conservation priority 


species, and is discussed under section 4.4. Life history information and habitat requirements for 


the eleven remaining species, as well as their status within the study area and potential to be 


affected by continued operation of the Project, are summarized below. 


TABLE 4-2 FEDERALLY LISTED AT-RISK SPECIES OCCURRING IN RICHLAND, FAIRFIELD, 
AND NEWBERRY COUNTIES, SOUTH CAROLINA 


COMMON NAME SCIENTIFIC NAME COUNTIES 
Amphibians 
Chamberlain’s dwarf 
salamander 


Eurycea chamberlaini Richland 


Crustaceans 
Broad River spiny crayfish Cambarus spicatus Fairfield, Richland 
Fish 
American eel Anguilla rostrata Newberry, Fairfield, Richland 
Blueback herring Alosa aestivalis Newberry, Fairfield, Richland 
Robust redhorse Moxostoma robustum Richland 
Mammals 
Rafinesque’s big-eared bat Corynorthinus rafinesquii Richland 
Tri-colored bat Perimyotis subflavus Newberry, Fairfield, Richland 
Mollusks 
Savannah lilliput Toxolasma pullus Newberry, Richland 
Plants 
Bog spicebush Lindera subcoriacea Richland 
Ciliate-leaf tickseed Coreopsis integrifolia Richland 
Purple balduina Balduina atropurpurea Richland 
Sandhills lily Lilium pyrophilum Richland 
Spathulate seedbox Ludwigia spathulata Richland 
Wire-leaved dropseed Sporobolus teretifolius Richland 
Reptiles 
Southern hognose snake Heterdon simus Richland 
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4.2.1 CHAMBERLAIN’S DWARF SALAMANDER 


Chamberlain’s dwarf salamander is a distinct species similar to the more common dwarf 


salamander. Chamberlain’s dwarf salamander varies from the more common species by being 


lighter in color, with a yellow underside that is void of markings. This species is very small, 


averaging approximately 2.5 cm in total length (SCDNR 2015). 


Chamberlain’s dwarf salamander deposits eggs in aquatic habitats and has aquatic larvae that 


inhabit wetlands until metamorphosis. It is usually found in wet areas, such as seepages near 


small streams and wetlands, under leaf litter and small debris (SCDNR 2015). 


Status in the Study Area 


Although Chamberlain’s dwarf salamander is known to exist in Barnwell, Allendale and Pickens 


counties in South Carolina, little data exists on the population status of the species (SCDNR 


2015). The full range of the species is not completely known. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area and because no significant changes are proposed for Project 


operations. Wetland and stream areas will not negatively change under continued Project 


operations. 


4.2.2 BROAD RIVER SPINY CRAYFISH 


The Broad River spiny crayfish distribution is thought to be limited to lotic environments in the 


Broad River drainage (Eversole 1990). Although collections are limited, Broad River spiny 


crayfish have been found in association with leaf litter and other organic debris located along 


stream banks, primarily over unstable sandy substrates that lack rooted aquatic vegetation. In the 


Project Vicinity, this species has been collected in the Little River, a tributary to the Broad River, 


in Fairfield County (Eversole 1990). 
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4.2.3 AMERICAN EEL 


The American eel, Anguilla rostrata, is a catadromous species known to occur within river 


systems in South Carolina. Mature American eels spawn in the ocean and the egg and pre-larval 


stages mature into the leptocephalus stage, where they drift with ocean currents for 


approximately a year before metamorphosing into the glass eel stage. Glass eels migrate across 


the continental shelf, eventually entering estuaries and tidal rivers, where they mature into elvers. 


Elvers migrate primarily at night and are able to overcome obstacles that often times prevent 


passage of other aquatic species. Vertical obstacles, such as a dam, can be traversed by small eels 


as long as the surface of the structure is textured and remains wet. As the small eels continue to 


mature into yellow eels, they may gradually move upstream over many years, with the greatest 


movement occurring during the moderate water temperatures of spring and fall (ASMFC 2000). 


Although the American eel currently does not have special status under state or federal 


regulations, it has been identified by the South Carolina Department of Natural Resources 


(SCDNR) as a priority species (SCDNR 2005). The federal status of this species has been further 


reviewed by the U.S. Fish and Wildlife Service and National Marine Fisheries Service several 


times over the past decade and the species is considered “at risk”. American eel are also listed as 


a target species in the Columbia Fishway Prescription. Currently, an area potentially conductive 


to eel passage exists along the west corner of the Columbia Dam. 


4.2.4 BLUEBACK HERRING 


The blueback herring is a diadromous fish that ranges along the Atlantic Coast from Nova Scotia 


to Florida. It can be found in the Atlantic Ocean as well as coastal rivers and streams (SCDNR 


2013). As a diadromous fish, the blueback herring spends its adult life at sea and migrates up 


freshwater rivers and streams to spawn. Spawning area spans the tidal zone to as far upstream as 


100 miles (SCDNR 2013). 


During spawning the female releases as many as 250,000 eggs in shoreline areas of hard 


substrate (SCDNR 2013). The eggs are then fertilized by the male. After the spawning season of 


April and May, adult blueback herring return to the ocean. Freshly hatched blueback herring 


remain in the rivers for several months before moving to sea (SCDNR 2013). 
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Status in the Study Area 


Blueback herring are known to occur in watersheds throughout South Carolina, including the 


Santee River Basin, where the Project is located. Currently, blueback herring do not occur in the 


Project Vicinity, however the construction of the Columbia Hydroelectric Project Fishway, 


completed in 2006, allows for the possibility of this species to occur in the Project Vicinity 


within the term of the new license. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. If blueback herring begin to use the Columbia Fishway to 


move upstream during the new Project license, SCE&G and USFWS will likely consult to 


determine potential impacts to the species. 


4.2.5 TRI-COLORED BAT 


The tri-colored bat is very small and exhibits delayed fertilization. In the spring, the female 


fertilizes an egg with stored sperm and gives birth in the fall to twins (NatureServe 2015l). The 


pups are able to fly within a month and remain with the mother for another week for foraging. 


Once young tri-colored bats learn how to forage for insects they leave their mothers and are 


independent (NatureServe 2015l). 


This bat ranges throughout most of the eastern United States, southeastern Canada, and into 


eastern Mexico and Central America (NatureServe 2015l). Most tri-colored bats roost in trees 


during the summer and hibernate in cave, mines, and rock crevices during the winter 


(NatureServe 2015l). 


Status in the Study Area 


The tri-colored bat is considered common in South Carolina, and is found statewide (SCDNR 


2015). 
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Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area and because SCE&G does not plan to significantly change 


the Project shoreline uses. There are no known hibernation caves located within the Study Area 


and SCE&G does not plan to alter the shoreline classifications to accommodate extensive 


development. 


4.2.6 SAVANNAH LILLIPUT 


The Savannah lilliput, a freshwater mussel, is a long-term brooder, brooding in August with 


hybrid bluegill suitable as fish hosts (NatureServe 2015o). The Savannah lilliput tends to inhabit 


shallow water, usually at the edges of very shallow streams, rivers and lakes, and backwaters. 


This mussel is rarely found in deeper lake waters and tends to be found in mud or silty sand 


(NatureServe 2015o). It will move up and down as water levels fluctuate. 


Historical records show the species living in the Ocmulgee and Altamaha Rivers in Georgia, 


Savannah River in South Carolina, Catawba River and Beaver Creek in North Carolina, Wateree 


River in South Carolina, University Lake (Cape Fear River system) in North Carolina, and Neuse 


River in North Carolina (NatureServe 2015o). Savannah lilliput is known to occur in Allendale, 


Calhoun, Clarendon, Orangeburg, and Saluda counties, South Carolina (NatureServe 2015o). 


Status in the Study Area 


Savannah lilliput has been found in the Saluda River Basin, in Lake Greenwood and in Cloud’s 


Creek, and in the Savannah River. It has also been documented in the lower Congaree River, the 


upper Santee River, and upper Lake Marion (SCDNR 2015). The species has not been 


documented as occurring in the Broad River, or in Parr and Monticello reservoirs. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. 
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4.2.7 BOG SPICEBUSH 


The bog spicebush is a recently described multi-stemmed deciduous shrub that can grow up to 4 


meters tall (USFS 2015). Tiny yellow-green flowers are produced in clusters of three to four 


during mid-March and small bright red fruits mature during late summer. Plants are often clonal 


and spread by suckering (USFS 2015). 


Bog spicebush occurs throughout the southeast Coastal Plain, from southeastern Virginia through 


the sandhills of the Carolinas; to Georgia, the Florida Panhandle, and south Alabama; and in 


south Mississippi and southeastern Louisiana (NatureServe 2015j). The plant inhabits 


permanently moist to wet, shrub-dominated seepage wetlands, open, quaking bogs in pinelands, 


shrub thickets of seepages, typically near the heads of streams and along the banks of small 


braided streams. It is usually not found outside of the wettest portions of rare sphagnous bog 


habitats, on very acidic soils that are high in organic matter and permanently saturated 


(NatureServe 2015j). 


Status in the Study Area 


Bog spicebush has been documented in Aiken, Barnwell, Lexington, and Richland counties, 


although it may currently be extirpated in Richland County (NatureServe 2015j). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area and because SCE&G does not plan to significantly change 


Project operations or the Project shoreline uses. Currently wetland areas would stay in their 


current condition and any individuals would continue to exist there. 


4.2.8 CILIATE-LEAF TICKSEED 


The ciliate-leaf tickseed is a perennial herb with bright yellow ray flowers surrounding a purple-


red disk (NatureServe 2015e). Blooming typically occurs from August through November, but 


occasionally occurs as early as July. Habitat for ciliate-leaf tickseed is generally described as 


forested wetlands (NatureServe 2015e). This species can be found along streambanks and 
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floodplains of blackwater streams; edges of swamp forests bordering longleaf pinelands or 


bordering brackish marshes; moist sand banks and low flat floodplains of rivers and creeks; low, 


heavily wooded bluffs above rivers; wooded edge of parking area for boat ramp and edge of 


creek, surrounded by floodplain forest; in wet loam of shaded, roadside depressions; in moist, 


semi-shaded sandy loam along edge of mesic woods; and along forestry road adjacent to 


bottomland (NatureServe 2015e). Ciliate-leaf tickseed occurs from southeastern South Carolina 


south to the Panhandle of Florida. 


Status in the Study Area 


Historically, ciliate-leaf tickseed has been reported in only three counties in southeastern South 


Carolina, including Berkeley, Charleston and Horry counties (NatureServe 2015e). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of habitat in the study area for this species. SCE&G does not plan to significantly change 


Project operations or the Project shoreline uses, so any current wetland areas would remain in 


their current condition and provide marginal habitat for this species. 


4.2.9 PURPLE BALDUINA 


Purple balduina is an autumn-blooming perennial herb with yellow ray flowers surrounding a 


dark purple disk (NatureServe 2015c). Habitat for the species is classified as spring brook, 


forested wetland, herbaceous wetland, scrub/shrub wetland, forest/woodland, savanna, and 


woodland-conifer. The plant is often associated with longleaf pine or slash pine and is found in 


wet pine flatwoods, savannahs, peaty hillside seepage bogs, and pitcherplant bogs (NatureServe 


2015c). 


Purple balduina is distributed in southeastern and southcentral Georgia and northeast Florida. It 


has also historically been found in southeast North Carolina and northcentral South Carolina 


(NatureServe 2015c). 
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Status in the Study Area 


Purple balduina is listed as occurring in Richland County, South Carolina. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. Further, SCE&G does not plan to significantly change 


Project operations or the Project shoreline uses. Wetland areas would stay in their current 


condition and any individuals would continue to exist there. 


4.2.10 SANDHILLS LILY 


Sandhills lily is a perennial herb with showy, pendant flowers that range in color from yellow to 


orange to dusky red and spotted with magenta (NatureServe 2015i). This plant flowers late July 


through mid-August and capsules mature in October. Habitat is almost exclusively restricted to 


narrow transition zones between dry longleaf pine uplands and wet, wooded creeks and 


streamheads (NatureServe 2015i). It can also occur on herb and shrub-dominated side slopes and 


floodplains in streamhead and small depression pocosins, sandhill seeps, Coastal Plain small 


stream swamps, and wet, maintained rights-of-way (NatureServe 2015i). 


Sandhills lily ranges in distribution from southeastern Virginia to southcentral South Carolina, 


with most populations occurring in the Sandhills region on the interior Coastal Plain of 


southeastern North Carolina (NatureServe 2015i). 


Status in the Study Area 


Sandhills lily is known to occur in Chesterfield County, and possibly Richland County, in South 


Carolina (NatureServe 2015i). This species has not been documented within the Study Area. 
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Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area and because SCE&G does not plan to significantly change 


Project operations or the Project shoreline uses. 


4.2.11 SPATHULATE SEEDBOX 


Spathulate seedbox is a perennial herb with soft-hairy herbage and prostrate, creeping stems that 


often intermingle, forming extensive mats (NatureServe 2015k). Small flowers, which lack true 


petals, emerge and last from June through October. This species is most likely self-pollinating 


and spreads vegetatively by rooting from the nodes of stems. Habitat includes bogs, forested 


wetlands, herbaceous wetlands, and riparian areas (NatureServe 2015k). Spathulate seedbox is 


often found along exposed shores and bottoms of sinkhole ponds, bogs and depression meadows. 


This species occurs in Georgia, Florida, Alabama, and South Carolina (NatureServe 2015k).  


Status in the Study Area 


Within South Carolina, this species is known to occur within Aiken, Barnwell, Lexington, 


Richland, and Saluda counties (NatureServe 2015k). There is a possibility this plant could occur 


downstream of Parr Shoals Dam, in Richland county. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area and because SCE&G does not plan to significantly change 


Project operations or the Project shoreline uses. Wetland areas would stay in their current 


condition and any individuals would continue to exist there. 


4.2.12 WIRE-LEAVED DROPSEED 


The wire-leaved dropseed is a densely tufted perennial grass that flowers from July through 


September (NatureServe 2015n). Habitat types include bog, forested wetland, herbaceous 


wetland, forest-conifer, forest/woodland, and savanna. Wire-leaved dropseed occurs in 
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southeastern North Carolina and northeastern South Carolina, south to southern Georgia, and 


west to extreme southeastern Alabama (NatureServe 2015n). 


Status in the Study Area 


The species occurs in six counties in South Carolina, including Horry, Georgetown, Lexington, 


Kershaw, Richland and Chesterfield (NatureServe 2015n). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area and because SCE&G does not plan to significantly change 


Project operations or the Project shoreline uses. 


4.2.13 SOUTHERN HOGNOSE SNAKE 


Southern hognose snake is stocky with dark blotches and a sharply upturned snout (NatureServe 


2015g). Females mature at two-three years and lay clutches of six-ten eggs. Some individuals 


have been known to live well into their second decade, and generation length is approximately 


five to ten years. Southern hognose snake inhabits open, dry habitats, with well-drained, sandy, 


or sandy-loam soils, such as those occurring at sand ridges, stabilized coastal sand dunes, pine 


flatwoods, mixed oak-pine woodlands and forests, scrub oak woods, old fields and river 


floodplains (NatureServe 2015g). This snake spends a majority of its time burrowed in the soil. 


Southern hognose snake occurs on the Coastal Plain from eastern North Carolina to southern 


Florida, west to southeastern Mississippi (NatureServe 2015g). 


Status in the Study Area 


The southern hognose snake occurs in many counties throughout South Carolina, including 


Richland County, downstream of the Project (NatureServe 2015g). 
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Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species even though it 


likely occurs in the study area. SCE&G does not plan to significantly change Project operations 


or the Project shoreline uses, therefore the current habitats of the Project should not change 


significantly. 


4.3 STATE LISTED SPECIES 


Three species that are state-listed as threatened or endangered are included on the SCDNR 


county-level listings for the three counties of interest (Table 4-2). Life history information and 


habitat requirements for these species, as well as their status within the study area and potential 


to be affected by continued operation of the Project, are summarized below. 


TABLE 4-3   STATE-LISTED SPECIES OCCURRING IN RICHLAND, FAIRFIELD, AND NEWBERRY 
COUNTIES, SOUTH CAROLINA 


 


COMMON NAME SCIENTIFIC NAME FEDERAL 
STATUS1 


STATE 
STATUS2 COUNTIES 


Amphibians 


Pine Barrens tree frog Hyla andersonii  T Richland 


Mammals 
Rafinesque's big-
eared bat 


Corynorhinus 
rafinesquii  E Richland 


Fish 


Carolina darter Etheostoma collis SC T Fairfield, Richland 


 
1  Federal Status – E (listed as Endangered under ESA); T (listed as Threatened under ESA); C (Candidate for 


Federal listing); SC (Federal Species of Concern); P (Federally protected). 
2 State Status – E (state listed as endangered); T (state listed as threatened). 


4.3.1 PINE BARRENS TREE FROG  


The pine barrens tree frog inhabits the swamps, bogs, and acidic brownwater streams of the New 


Jersey Pine Barrens, as well as the pocosins (shrub bogs) of the Carolinas (Conant and Collins 


1991). This species is intolerant of closed-canopy conditions and is restricted to localized 
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wetlands such as hillside seepage bogs within dry uplands, pine barrens, and headwater swamps 


and disperses along drainages within these areas (NatureServe 2013). Non-breeding habitat 


generally is in pine-oak areas adjacent to breeding habitat. Important egg-laying and larval 


habitats include open cedar swamps and sphagnaceous, shrubby, acidic, seepage bogs on 


hillsides below pine-oak ridges. 


For southeastern populations, typical habitats are characterized by the topography, soils, and 


vegetation of the Carolina Sandhills, with pocosin or evergreen shrub swamps established along 


seeps and small streams within the surrounding longleaf pine-oak forest. Breeding habitat in 


South Carolina has been described as low vegetation with dense growth of Sphagnum mosses. 


Cely and Sorrow (1983) found that occurrences in South Carolina appeared to be restricted to the 


Fall Line Sandhills at elevations ranging between 61 and 122 m. 


Status in Study Area 


The area surrounding the Project lacks the Carolina sandhills habitat and associated bogs and 


pocosins required by this species; therefore it is extremely unlikely that Pine Barren tree frog 


would occur in the study area. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. 


4.3.2 RAFINESQUE’S BIG-EARED BAT 


Rafinesque’s big-eared bat is a colonial bat species native to the southeastern U.S. Two 


subspecies are recognized in South Carolina, Corynorhinus rafinesquii rafinesquii in the 


mountains and Corynorhinus rafinesquii macrotis along the Coastal Plain (Bunch et al. 2006). 


Rafinesque’s big-eared bat is nocturnal, feeding primarily on moths by echolocation. Coastal 


plain and sandhills populations of the species utilize I-beam and T-beam bridges for roosting. 


Roosting in mountainous regions of the state occurs in large hollow trees (typically large tulip 


poplars), abandoned buildings and mines, rock shelters, and caves. Habitat in the Blue Ridge 


Mountains includes rock outcrops, mesic and cove hardwood forests, forested bottomlands, 
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bottomland agricultural fields, dry deciduous forests, pine woodlands, and forested riparian 


areas. Coastal zone and sandhills habitats include black gum stands, bald cypress swap forests, 


maritime forests, and mature hardwood and mixed forests (Bunch et al. 2006). 


Status in the Study Area 


The range of Rafinesque’s big-eared bat in South Carolina includes the coastal plain and 


sandhills regions and the extreme northwestern Blue Ridge, with the piedmont representing a gap 


in the species’ distribution (Bunch et al. 2006). As such, it is extremely unlikely that this species 


would occur in the study area. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area and because it is a terrestrial species. SCE&G does not 


propose to make major changes to shoreline classifications or encourage development within the 


Project. 


4.3.3 CAROLINA DARTER 


The Carolina darter exists only in the Piedmont region from south-central Virginia through North 


Carolina into north-central South Carolina (Hayes and Bettinger 2006); it is state-listed as 


threatened and a federal species of concern. It occurs in small to moderately sized streams in 


areas of low current velocity, typically in backwaters among submerged tree roots or under 


leaves, where it feeds primarily on Chironomid larvae and micro-crustaceans. Preferred 


substrates are usually characterized by mud, sand, and sometimes bedrock (Rohde et al. 2009). 


Status in the Study Area 


The Carolina darter has been collected at several locations in the lower Broad River, including 


one that appears to be a tributary to Parr Reservoir (Rohde et al. 2009). However, extensive 


sampling by SCE&G and SCDNR in both Parr and Monticello reservoirs and in the downstream 


reach have failed to document this species (Kleinschmidt 2013a), suggesting that it may not 


occur in the study area or occurs in extremely low numbers not detected by previous sampling. 
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Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. 


4.4 SELECTED SOUTH CAROLINA CONSERVATION PRIORITY SPECIES 


As previously noted, ten species that are considered state conservation priority species were also 


added to the analysis based on consultation with SCDNR and USFWS staff (Table 4-3). Life 


history information and habitat requirements for these species, as well as their status within the 


Project Vicinity and potential to be affected by continued operation of the Project, are 


summarized below. 


TABLE 4-4 SELECTED STATE CONSERVATION PRIORITY SPECIES  


COMMON NAME SCIENTIFIC NAME STATE PRIORITY 
LEVEL1 


FEDERAL 
STATUS2 


Newberry burrowing crayfish Distocambarus youngineri Highest ARS 
Robust redhorse Moxostoma robustum Highest ARS 
Piedmont darter Percina crassa High  
Seagreen darter Etheostoma thalassinum High  
Highfin carpsucker Carpiodes velifer Highest  
Quillback Carpiodes cyprinus High  
Santee chub Hybopsis zanema High  
Striped bass Morone saxatilis Moderate  
Yellow lampmussel Lampsilis cariosa Highest  
Roakoke slabshell Elliptio roanokensis High  


 
1 Refers to conservation priority level as listed in SCDNR’s Comprehensive Wildlife Conservation Strategy 


(SCDNR 2006). 
2 ARS – At-Risk-Species. Refers to species that the USFWS has been petitioned to list and for which a positive 90-


day finding has been issued (listing may be warranted), yet no Federal protections currently exist. 
 


4.4.1 NEWBERRY BURROWING CRAYFISH 


The Newberry burrowing crayfish is a terrestrial crayfish of the genus Distocambarus and is 


endemic to South Carolina (Eversole and Welch 2006). Although knowledge of its habitat 
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requirements is limited, Newberry burrowing crayfish has typically been found in poorly drained 


areas where the ground is saturated during the rainy season (November – March) (Eversole and 


Welch 2006; Hobbs and Carlson 1985). The species has been documented from a range of site 


types including low, moist woodlands, a machine-maintained powerline, and a manicured lawn. 


Sites are generally isolated from floodplains and streams, although some have been found in low 


moist areas near the headwaters of streams (colluvial valleys). Analyses performed by Welch and 


Eversole (2002) found a close association between occurrence of Newberry burrowing crayfish 


and the presence of a perched water-table, as well as presence of Chewacla, Worsham, Toccoa-


Cartecay, Enon, and Sedgefield soil types (Eversole and Welch 2006). 


Status in the Study Area 


Currently, the Newberry burrowing crayfish is known from only 14 sites, all of which are located 


in Newberry County (Eversole and Welch 2006). The known range of the species encompasses 


portions of the Tyger, Enoree, Lower Broad, and Saluda River basins. Because this species is 


generally isolated from floodplains and streams, it is not expected to occur in the Project Area or 


in the downstream reach of the Broad River influenced by the Project. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. 


4.4.2 ROBUST REDHORSE 


The robust redhorse is a large, heavy-bodied sucker which was presumed extinct until being 


“rediscovered” during the initial stages of relicensing at Georgia Power’s Sinclair Hydroelectric 


Project (FERC No. 1951). Fisheries scientists knew little about its life history and habitat 


requirements. As a result, Georgia Power Company, along with state and federal resource 


agencies, other hydropower interests, and the Georgia Wildlife Federation, formed the Robust 


Redhorse Conservation Committee (RRCC) in 1995 to guide recovery efforts for the species in 


lieu of listing under the ESA. Subsequent research has produced valuable information about the  
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robust redhorse and its habitat requirements. However, much research is still needed, as little is 


known about the habitat preferences of juvenile robust redhorse. 


Based on recent studies, it appears that adult robust redhorse typically inhabit areas of the river 


where the current is moderately swift. Preferred habitat is riffle areas or in/near outside bends, 


where depths are greater and accumulations of logs and other woody debris are present (Evans 


1997). Spawning typically occurs at water temperatures from 18 to 24° C, usually over gravel 


substrate in both deep and shallow water (Hendricks 1998). 


Status in the Study Area 


At this time, natural populations of robust redhorse are not known to exist in the Broad River 


(Lamprecht and Scott 2013). Stocking of fingerlings began in 2004 at sites both above and below 


the Parr Shoals Dam (Lamprecht and Scott 2013), and robust redhorse have since been 


documented in both Parr and Monticello reservoirs, as well as the reach of the Broad River 


downstream of Parr Shoals Dam (Table 4-6). In addition, robust redhorse use of the fishway at 


the Columbia Hydroelectric Project has been documented (Kleinschmidt 2009, 2010, 2012, 


2013, 2014), suggested that robust redhorse from the Congaree and potentially other areas of the 


lower Santee Basin are utilizing habitat in the reach of the Broad downstream of Parr Shoals 


Dam during the spawning season. 


Determination of Effect 


Habitat for robust redhorse is potentially affected by Project flow releases and will be assessed as 


part of the proposed Instream Flow Incremental Methodology (IFIM) Study. Because it is listed 


as one of the key species for flow alterations, proposed changes to downstream flows should 


benefit the species. 


4.4.3 PIEDMONT DARTER  


The piedmont darter is one of two species in the genus Percina found in South Carolina (Hayes 


and Bettinger 2006). It is typically found in cool to warm moderately-sized streams and rivers,  
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usually in riffles with gravel or rock substrates (Rohde et al. 2009). Though a riffle dweller, this 


darter does not seem to favor extremely strong currents. 


Status in the Study Area 


The piedmont darter has been documented in the reach of the Broad River downstream of Parr 


Shoals Dam within the study area (Table 4-6). 


Determination of Effect 


Habitat for piedmont darter is potentially affected by Project flow releases and will be assessed 


as part of the proposed IFIM Study. This species is included in the IFIM analysis and proposed 


changes to downstream flows may benefit the species. 


4.4.4 SEAGREEN DARTER 


The seagreen darter is restricted to the Santee River drainage of the Carolinas (Hayes and 


Bettinger 2006). This species inhabits lower elevation tributaries in the mountain regions and is 


also found over a broad area of the upper piedmont in the Carolinas. It is less frequently found 


below the fall line in tributaries of the Congaree River. The seagreen darter favors a habitat of 


rock, rubble or gravel riffles in large creeks and rivers with moderate to swift currents, but has 


adapted to wide variations in temperature and water clarity. 


Status in the Study Area 


The seagreen darter has been documented in the reach of the Broad River downstream of Parr 


Shoals Dam within the study area (Table 4-6). 
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Determination of Effect 


Habitat for seagreen darter is potentially affected by Project flow releases and will be assessed as 


part of the proposed IFIM Study. This species is included in the IFIM analysis and proposed 


changes to downstream flows may benefit the species. 


4.4.5 HIGHFIN CARPSUCKER 


The highfin carpsucker is distributed throughout the Lake Michigan drainage and Mississippi 


River Basin from Pennsylvania south to Louisiana (Self and Bettinger 2006). It also occurs on 


the Atlantic Slope from the Cape Fear River to Savannah River drainages and Gulf Slope 


drainages from Choctawhatchee River, Alabama and Florida to the Pearl River, Louisiana and 


Mississippi. The Atlantic Slope and Gulf Slope populations likely differ at the species level from 


those of the Mississippi and Lake Michigan drainages. In South Carolina, the highfin carpsucker 


occurs in the Broad and Congaree rivers in the upper Santee River Basin and the Savannah 


River. Historically the highfin carpsucker also occurred in the Pee Dee River; however, that 


population may have since been extirpated. The highfin carpsucker inhabits rivers in areas with 


moderate or swift current over sand or a gravel substrate (Rohde et al. 2009). 


Highfin carpsucker population size and trends are not well known (Self and Bettinger 2006). 


There appear to be healthy populations with recruitment in the Broad River, Congaree River, and 


Savannah River. Preservation of populations in the Santee River is extremely important to the 


global preservation of the species given declining populations in the Cape Fear River and Pee 


Dee River (Self and Bettinger 2006). 


Status in the Study Area 


This species has been documented in both Parr Reservoir and the reach of the Broad River 


downstream of the Project (Table 4-6). 
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Determination of Effect 


Habitat for highfin carpsucker is potentially affected by Project flow releases and will be 


assessed as part of IFIM Study. This species is included in the IFIM analysis and proposed 


changes to downstream flows may benefit the species. 


4.4.6 QUILLBACK 


The quillback is found in warm, low- to moderate-gradient reaches of most major rivers, 


including upper portions of associated reservoirs (Lamprecht and Bettinger 2006). Quillback 


occur over varied substrates in rivers, but seldom over mud. They tend to occupy calm water; 


however, quillback may shift to swifter and deeper depths during low water. Quillback 


reportedly spawn in riffles, calm stream reaches and in floodplain bayous, laying eggs on gravel, 


sand, mud and organic matter. Quillback feed on insect larvae and other benthic organisms. 


The quillback is distributed from the Great Lakes region in the St. Lawrence River, Hudson Bay 


and Mississippi River basins from Quebec to Alberta, Canada; south to Louisiana and west to 


Wyoming in the United States (Lamprecht and Bettinger 2006). It also occurs on the Atlantic 


slope from the Delaware River, New York, to the Altamaha River, Georgia. In gulf slope 


drainages, it occurs from the Apalachicola River in Florida and Georgia to the Pearl River in 


Louisiana. The southern Atlantic slope populations in South Carolina are reported in the upper 


portions of the three major South Carolina drainages: the Pee Dee, Santee, and Savannah. Fish 


from these populations are likely distinct from those of the interior basin and gulf slope 


drainages (Lamprecht and Bettinger 2006). 


Status in the Study Area 


Quillbacks have been documented in both Parr and Monticello reservoirs, as well as the 


downstream reach of the Broad River (Table 4-6). 
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Determination of Effect 


Habitat for quillback is potentially affected by Project flow releases and will be assessed as part 


of the proposed IFIM Study. This species is included in the IFIM analysis and proposed changes 


to downstream flows may benefit the species. 


4.4.7 SANTEE CHUB  


The Santee chub is restricted to the Santee River drainage within South Carolina, primarily in the 


piedmont and Blue Ridge foothills (Hayes and Bettinger 2006). A few populations of Santee 


chub found in the coastal plain represent an undescribed species known as the “thinlip” chub. 


Outside of South Carolina, “thinlip” chub is also found in the Cape Fear River drainage of North 


Carolina. The Santee chub inhabits small to medium sized streams with sand and rocky runs or 


current-swept pools. This species seems to be able to tolerate more turbid and warm waters than 


its close relative, the big-eye chub, Hybopsis amblops. 


Status in the Study Area 


Santee chub has been documented in the reach of the Broad River downstream of Parr Shoals 


Dam within the study area (Table 4-6). 


Determination of Effect 


Habitat for Santee chub is potentially affected by Project flow releases and will be assessed as 


part of the proposed IFIM Study. This species is included in the IFIM analysis and proposed 


changes to downstream flows may benefit the species. 


4.4.8 STRIPED BASS 


The striped bass is an anadromous species native to the Atlantic slope, with natural populations 


residing in saltwater and migrating to medium to large freshwater rivers annually to spawn. It has 


been widely introduced or has remnant populations in impounded river systems, with some 


systems, including the Santee River Basin, supporting naturally-reproducing, damlocked 


populations (Sessions et al. 2006). In freshwater, they prefer to occupy areas with clean sandy 
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bottoms, fine gravel and rock. Adult striped bass have a thermal tolerance of six to 27° C, but 


seek temperatures between 18 to 25°C when available. During spawning, striped bass occupy 


shallow rocky and gravely areas with strong turbulent water flow. Striped bass eggs are 


semibouyant; they drift and sink slowly requiring moderate current to keep the eggs from settling 


to the bottom and dying before they are hatched in one to three days. Optimum water 


temperatures for successful striped bass egg hatching and survival is 17 to 18°C (Sessions et al. 


2006). 


Status in the Study Area 


Striped bass are regularly observed passing through the Columbia Hydroelectric Project fishway 


into the reach of the Broad downstream of Parr Shoals Dam (Kleinschmidt 2009, 2010, 2011, 


2012, 2013) and have been documented from the study area during electrofishing (Table 4-6). 


Determination of Effect 


Habitat for striped bass is potentially affected by Project flow releases and will be assessed as 


part of the proposed IFIM Study. This species is included in the IFIM analysis and proposed 


changes to downstream flows may benefit the species. The effect of downstream peaking flows 


on spawning habitat for this species is also being addressed as part of a downstream flow study. 


4.4.9 YELLOW LAMPMUSSEL 


The yellow lampmussel is a freshwater species that is found primarily in medium to large rivers 


and streams. Preferred habitat includes a variety of substrates such as silt or sand, gravel bars, 


and in the bedrock cracks of both large and small rivers and streams (Price 2006b). The range of 


this species extends from the Ogeechee River in Georgia to Nova Scotia, with distribution in 


South Carolina spanning the Savannah, Broad, Wateree, Congaree, and Pee Dee River basins 


(Bogan and Alderman 2008, Price et al. 2009, Kleinschmidt 2013b). 


Gravid yellow lampmussels observed in the Congaree River in 2007 were reported to release 


their glochidia between June and July (Price et al. 2009). These animals are long-term brooders 


that attract piscivorous hosts with mantle lure display. Broad River host trials indicate that 
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Moronids like striped bass and white bass are likely natural hosts for yellow lampmussel, though 


Centrarchids may also be viable hosts (Price et al. 2009). 


Status in the Study Area 


In 2007, 60 sites were surveyed for mussels on the Broad and Congaree rivers from Cayce on the 


Congaree to five river miles south of the North Carolina border on the Broad. Six sites were 


surveyed between Parr Dam and Columbia Dam, and seven sites were sampled in the Parr 


Reservoir. However, only nine individuals were collected from three sites located two-three river 


miles downstream of the confluence of the Broad and Saluda rivers (Price et al. 2009). Alderman 


(2006) documented similar numbers of yellow lampmussels from the upper Congaree River, 


with 3 live individuals documented at five sites between the Broad/Saluda confluence and the 


Cayce Boat Landing. 


In 2012, 13 sites just downstream from the Parr Shoals Dam were surveyed on the northeast side 


of Hampton Island (Alderman and Alderman 2012). This survey reported two sites where yellow 


lampmussel was present (CPUE ranging from 0.5-0.57 mussels/surveyor-hour). This location 


represents the uppermost extent of yellow lampmussel’s known range in the Broad River (Table 


4-6). 
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Determination of Effect 


Alderman and Alderman (2012) reported that the mussel assemblage directly downstream of the 


Parr Shoals Dam represents the highest freshwater mussel diversity recorded in the Broad River 


Sub-basin in North and South Carolina upriver from the Columbia Hydroelectric Project. 


Further, the tailrace is the only location above the Columbia Hydroelectric Project where yellow 


lampmussel appears to have persisted. Although densities of yellow lampmussel were low, the 


overall abundance and diversity of mussels observed suggests that the tailrace may actually be 


serving as a sanctuary for freshwater mussels. 


4.4.10 ROANOKE SLABSHELL 


The Roanoke slabshell is found in large rivers, but can occasionally be found in small creeks.  


The Roanoke slabshell is able to tolerate large variations in flow levels and higher water 


temperatures, making it able to survive in some locations near dams and hydroelectric plants. It 


has experienced large die offs when the plants generate extremely low flows and cause levels of 


oxygen to drop (Price 2006). 


The host fish for this species are still somewhat speculative, but it is thought that it parasitizes a 


diadromous fish host. Moreover, host studies conducted for Roanoke slabshell only showed 


successful transformation on blueback herring (most successful), gizzard shad, and white perch 


although a suite of taxa (ictalurids, cyprinids, centrarchids, catastomids, and anguillids) were 


considered (Price et al. 2009). 


Status in the Study Area 


In 2007, 60 sites were surveyed for mussels on the Broad and Congaree rivers from Cayce to five 


river miles south of the North Carolina border. Six sites were surveyed between Parr Shoals Dam 


and Columbia Dam seven in Parr Reservoir, and 13 sites below the Columbia Dam near the 


confluence of the Broad and Saluda rivers. Of these 60 sites, Roanoke slabshell was restricted to 


194 live individuals from eight sites below the Columbia Dam (CPUE ranging from 1-62 


mussels/surveyor-hour) and one individual from one site in Cherokee County, SC (Price et al. 


2009). 
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In 2012, 13 sites just downstream from the Parr Shoals Dam were surveyed on the northeast side 


of Hampton Island (Alderman and Alderman 2012). This survey reported nine sites where 


Roanoke slabshell were present (CPUE ranging from 4-18 mussels/surveyor-hour), representing 


the healthiest, upper-most, extent of its presently known range in the Broad River (Alderman 


2009) (Table 4-6). 


Determination of Effect 


As previously noted, Alderman and Alderman (2012) reported that the mussel assemblage found 


in the Parr tailrace represents the highest freshwater mussel diversity recorded in the Broad River 


Sub-basin in North and South Carolina upriver from the Columbia Hydrelectric Project. Further, 


the tailrace was the only location upstream of Columbia Hydroelectric Project dam where 


Roanoke slabshell has been documented (Alderman and Alderman 2012, Price 2010). Finally, 


juvenile Roanoke slabshell were documented by Alderman and Alderman (2012), suggesting that 


reproduction and recruitment are occurring in the tailrace area. These data suggest that the 


Project is unlikely to be resulting in any negative effects to the Roanoke slabshell population in 


the tailrace, but rather may be serving as a refuge for this and other mussel species. 


TABLE 4-5 DOCUMENTED OCCURRENCE OF SELECTED STATE CONSERVATION PRIORITY 
FISH SPECIES IN MONTICELLO RESERVOIR, PARR RESERVOIR AND THE 
DOWNSTREAM REACH OF THE BROAD RIVER (SOURCE: NORMANDEAU 2007, 
2008, 2009; SCANA 2013; BETTINGER ET AL. 2003; KLEINSCHMIDT 2013A; 
ALDERMAN AND ALDERMAN 2012) 


 
COMMON NAME SCIENTIFIC NAME PARR MONTICELLO BROAD RIVER 


Robust redhorse Moxostoma robustum x x x 
Piedmont darter Percina crassa   x 
Seagreen darter Etheostoma thalassinum   x 
Highfin carpsucker Carpiodes velifer x   
Quillback Carpiodes cyprinus x x x 
Santee chub Hybopsis zanema   x 
Striped bass Morone saxatilis   x 
Yellow lampmussel Lampsilis cariosa   x 
Roanoke slabshell Elliptio roanokensis   x 
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4.5 BIRDS OF CONSERVATION CONCERN 


In 2008, the USFWS published a report entitled Birds of Conservation Concern 2008, with the 


goal of accurately identifying the migratory and non-migratory bird species (beyond those 


already designated as federally threatened or endangered) that represent the USFWS’ highest 


conservation priorities. The USFWS requested that birds from the Piedmont Bird Conservation 


Region (BCR), (Table 4-7) be included in this assessment, as this is where the Project is located. 


Life history information and habitat requirements for these species, as well as their status within 


the Project Vicinity and potential to be affected by continued operation of the Project, are 


summarized below. 


TABLE 4-6 BIRDS OF CONSERVATION CONCERN IN THE PIEDMONT BIRD CONSERVATION 
REGION 


COMMON NAME SCIENTIFIC NAME 


Peregrine falcon Falco peregrinus 
Black rail Laterallus jamaicensis 
Short-eared owl Asio flammeus 
Whip-poor-will Caprimulgus vociferous 
Loggerhead shrike Lanius ludovicianus 
Brown-headed nuthatch Sitta pusilla 
Bewick’s wren Thryomanes bewickii 
Sedge wren Cistothorus platensis 
Wood thrush Hylocichla mustelina 
Blue-winged warbler Vermivora cyanoptera 
Prairie warbler Setophaga discolor 
Cerulean warbler Setophaga cerulean 
Swainson’s warbler Limnothlypis swainsonii 
Kentucky warbler Geothlypis formosa 
Bachman’s sparrow Aimophila aestivalis 
Henslow’s sparrow Ammodramus henslowii 
Rusty blackbird Euphagus carolinus 


   


4.5.1 PEREGRINE FALCON 


Peregrine falcon, a medium-sized bird of prey, is slate-grey on the head and back, barred and 


spotted on the chest and belly, with distinctive black “sideburns” (USFWS 2015c). Birds acquire 


adult plumage in their second year, but do not reproduce until age three. Nesting starts in late 


March, when females lay three to five eggs, which are identified by a pale rose color with brown 
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blotches (USFWS 2015c). Incubation lasts approximately 33-34 days. If the first clutch of eggs 


is destroyed, a second clutch may be laid. Chicks remain in the nest six to seven weeks after 


hatching and are cared for by both parents (USFWS 2015c). 


Historically the peregrine falcon ranged throughout the eastern United States from the Great 


Lakes and eastern Maine, south to Georgia and Alabama (USFWS 2015c). Peregrines usually 


nest on high, remote cliff ledges, with the nest site, or “eyrie” consisting of a shallow depression 


in the rocks and soil, sometimes surrounded with twigs and grass. 


Status in the Study Area 


The peregrine falcon is only known to occur within Greenville and Pickens counties, South 


Carolina (SCDNR 2015). Typically, peregrines are only seen in South Carolina during the winter 


season or during their migration. 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 


4.5.2 BLACK RAIL 


The black rail is a small, blackish marshbird with a black bill, red eyes and a distinct white-


speckled back (Cornell 2015c). The black rail nests in high portions of salt marshes, shallow 


freshwater marshes, wet meadows, and flooded grassy vegetation. Eggs are usually laid in  
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clutches of six to ten and are a creamy white with brown spots. Incubation lasts approximately 


16 to 20 days (Cornell 2015c). 


Black rails range from southern New England to the Gulf States, and spend winters throughout 


the southern Atlantic coast states to Central America (Cornell 2015c). 


Status in the Study Area 


In South Carolina, there is only one confirmed nesting record, from 1903 (SCDNR 2015). 


Calling locations are spotty, with Bear Island WMA in Colleton County supporting the most 


significant population to date. SCDNR counted a total of 38 black rails in 1991-1992 along the 


coast of South Carolina, during an extensive marsh bird survey (SCDNR 2015). Black rails have 


also been reported in isolated wetlands in the Upstate (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because the 


species and its preferred habitats are not present within the Project Area. 


4.5.3 SHORT-EARED OWL 


The short-eared owl is found throughout North America, South America, Europe and Asia, and 


on many oceanic islands (Cornell 2015d). Preferred habitat includes open country, such as 


prairie, meadows, tundra, moorlands, marshes, savanna, and open woodland (Cornell 2015d). 


Nests are scratched out on the ground and surrounded by grass. Clutch size ranges from one to 


eleven eggs and incubation lasts from 26-29 days (Cornell 2015d).  


Status in the Study Area 


The short-eared owl resides within South Carolina during the winter months, and not during 


breeding season (SCDNR 2015). 
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Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 


4.5.4 WHIP-POOR-WILL 


The whip-poor-will has a very distinctive call and is more commonly heard than seen. It is most 


active at dawn and dusk and spends the day roosting in trees. While roosting, the whip-poor-will 


prefers lower limbs of trees so as to be better camouflaged and sits with its body parallel to the 


limbs, unlike most birds (NatureServe 2015b). 


The whip-poor-will’s clutch size is 2 eggs on a nest of leaf litter directly on the ground. Eggs 


incubate for 19 to 21 days and chicks leave the nest at 17 to 20 days of age (NatureServe 2015b). 


Whip-poor-will chicks are downy and capable of feeding themselves at hatching. Females 


typically leave the nest at 7 to 9 days to start a second nest (NatureServe 2015b). The range of 


the whip-poor-will spans Central Canada to the Atlantic Coast and south to Oklahoma and 


Georgia; wintering in the Southeast United States and Central America (NatureServe 2015b). 


Status in the Study Area 


The whip-poor-will is a winter resident along the South Carolina coast and migrates northward to 


the middle and eastern sections of the state in April (SCDNR 2015). The bird has also been 


documented in Spartanburg, Union, Chesterfield, Lee, Dorchester, and Richland counties, South 


Carolina (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 
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4.5.5 LOGGERHEAD SHRIKE 


The loggerhead shrike averages 23 cm long with a coloring similar to mocking birds; upper side 


gray with a white underside (NatureServe 2015h). In late April to early May, the bird begins 


building its nest made of thick twigs woven together and padded by feathers, hair, or cotton. A 


typical clutch consists of 4 to 6 eggs and incubation usually lasts 16-18 days. The young fledge 


in about 17-20 days and are independent in 36 days (NatureServe 2015h). 


 


The loggerhead shrike is a fairly common bird throughout most of North America ranging from 


southern Canada to Mexico and from the Pacific to Atlantic coast (NatureServe 2015h). It 


typically winters from Virginia to Florida, but is common in these areas year-round as well. 


Status in the Study Area 


The loggerhead shrike is a permanent resident throughout South Carolina, except at higher 


elevations (SCDNR 2015). It is most abundant in the Coastal Plain, especially within the “farm 


belt” area of the Inner Coast Plain (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 


4.5.6 BROWN-HEADED NUTHATCH 


The brown-headed nuthatch has a brown crown with blue-gray wings and back. The average size 


is 10 to 11 cm in length (NatureServe 2015m). During nesting season, the brown-headed 


nuthatch uses holes or snags in trees, usually dead, but rely on nesting boxes when dead trees are 


unavailable. The brown-headed nuthatch is monogamous for the breeding season, and sometimes 


for several consecutive seasons. The female typically lays three to nine eggs and the male 


protects the nest (NatureServe 2015m). 
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Brown-headed nuthatch is a non-migratory species and primarily exist in the southeast region of 


the United States and the Bahamas (NatureServe 2015m). The brown-headed nuthatch’s habitat 


consists of mature forests and are pine specialists. Currently, the brown-headed nuthatch is not 


Federally listed, but populations are declining due to habitat loss from logging and fire 


prevention (NatureServe 2015m). 


Status in the Study Area 


The brown-headed nuthatch commonly breeds in western South Carolina, utilizing the loblolly-


shortleaf pine forests of the Upper Coastal Plain and the longleaf-slash pine forests of the Lower 


Coastal Plain (SCDNR 2015). This species spends a majority of its time in open, mature old-


growth forest, especially where natural fire patterns have been maintained (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 


4.5.7 BEWICK’S WREN 


Bewick’s wren is a medium sized wren with a long tail and long, slender bills (Cornell 2015a). 


Nests are usually built in cavities in trees or on ledges. Females usually lay three to eight eggs 


per brood sometimes producing as many as three broods in a breeding season (Cornell 2015a). 


Bewick’s wren prefers brushy and scrub type habitat and are often found in thickets in open 


country or open woodlands near streams (Cornell 2015a). This species is flourishing in western 


North America, but its populations have steadily declined in the east. A possible cause for 


population decline is the increase in the house wren, which typically remove eggs from existing 


nests (Cornell 2015a). 
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Status in the Study Area 


Bewick’s wren was historically found in central South Carolina, although it is likely extirpated 


from the state (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species due to a likely 


lack of occurrence in the study area. 


4.5.8 SEDGE WREN 


The sedge wren is a small wren measuring 10 to 12 cm with a short, thin bill. Male sedge wrens 


are very territorial and build multiple nests within their territory for females (NatureServe 


2015d). Nests consist of round balls of grasses and sedges with an entrance on the side. After 


selecting her nest, the female sedge wren pads the nest with feathers and fur (NatureServe 


2015d). A female sedge wren typically lays four to eight eggs per brood. Females incubate the 


eggs alone for approximately 14 days and continues to care for young alone. Young typically 


leave the nest after 12 to 14 days (NatureServe 2015d). 


As the name suggests, the sedge wren prefers wet fields and marshes with tall grasses and sedges 


(NatureServe 2015d). The sedge wren typically breeds in central northern United States and 


central Canada and winters in the southeast region of the United States (NatureServe 2015d). 


Status in the Study Area 


The sedge wren is a common winter resident of the Coastal Plain region (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because its 


preferred wintering habitats are not present within the Project Area. 
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4.5.9 WOOD THRUSH 


The wood thrush has brown upper parts with a spotted white breast and are typically 19 to 21 cm 


in length with a short tail and straight bill. During nesting season, the female initiates the nest  


building by developing a platform of grass will walls of woven grass, leaves, or stems (Cornell 


2015e). Nests are usually located in shrubs for support from branches as well as coverage from 


foliage. A female wood thrush typically lays three to four eggs per brood and will usually have 


two broods in a breeding season (Cornell 2015e). A new nest will be made for the second brood, 


and wood thrush pairs generally remain monogamous throughout the season (Cornell 2015e). 


 


The wood thrush prefers mature deciduous forests with large trees and a moderate understory 


and is a fairly common bird throughout the eastern region of the United States (Cornell 2015e). 


However, its populations have been steadily declining for several years, possibly due to nest 


parasitism from the brown-headed cowbird (Cornell 2015e). 


Status in the Study Area 


The wood thrush is distributed statewide with higher concentrations of breeding in the Piedmont 


and Mountain regions of the state (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 


4.5.10 BLUE-WINGED WARBLER 


The Blue-winged warbler is a small songbird commonly found in the eastern United States. 


Nests are generally built on the ground and well concealed by tall grasses and vines (NAS 2015). 


A usual clutch for the blue-winged warbler is four to seven eggs. The female incubates the eggs 


for 10 to 11 days and then both male and female feed the young (NAS 2015). Chicks remain in 


the nest for eight to 11 days. The blue-winged warbler often cross breeds with the golden-winged 


warbler resulting in fertile offspring (NAS 2015). 
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Blue-winged warblers spend their breeding season in the northeast and occupy the southeast 


during the winter (NAS 2015). They prefer the overgrown pastures of abandoned farmlands and 


forest clearings. Currently, they are suffering parasitism from brown-headed cowbirds, but 


populations appear stable (NAS 2015). 


Status in the Study Area 


The blue-winged warbler occurs in low densities as a breeding bird in South Carolina’s 


Appalachian Mountains (SCDNR 2015). It is migratory along the coastal areas, and overwinters 


in Central America and the Caribbean (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 


4.5.11 PRAIRIE WARBLER 


The prairie warbler is a medium sized warbler commonly found throughout the eastern United 


States (USFS 2001). Nests are an open cup shape of woven plants located between 1 and 10 feet 


from the ground (USFS 2001). Birds are monogamous for the breeding season, but typically 


select new mates each year. Females incubate three to five eggs for 11 to 15 days. The hatchlings 


fledge after 8 to 10 days, but remain dependent upon both parents for another month. Prairie 


warblers produce one brood per year (USFS 2001). 


Preferred habitat includes open, brushy areas, fields, and Christmas tree farms (USFS 2001). 


Prairie warblers are also found in disturbed areas which are deemed suitable five years after the 


disturbance of fire or clearing. An absence of a high canopy is important for this species of 


warbler (USFS 2001). 


Status in the Study Area 


The prairie warbler is found throughout the state of South Carolina (SCDNR 2015). 
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Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because the 


species and its preferred habitats are not present within the Project Area. 


4.5.12 CERULEAN WARBLER 


The cerulean warbler is a small bird that prefers the tall trees of deciduous hardwood forests of 


the eastern United States (USFWS 2006). Female cerulean warblers will typically lay three to 


four eggs per brood and incubate for 11 to 13 days (USFWS 2006). Once hatched, both parents 


assist in feeding and care of the young until they leave the nest after nine to 11 days. Cerulean 


warblers generally produce only one brood per year, however if the original nest is destroyed, a 


second attempt may be made (USFWS 2006). 


Cerulean warblers breed in the northeast and then migrate southeast for the winters (USFWS 


2006). Populations are in a steady decline due to habitat loss. Much of the historical forest 


habitat has been cleared for human development (USFWS 2006). 


Status in the Study Area 


The cerulean warbler’s breeding distribution includes the northwest corner of the South Carolina 


Mountain Ecoregion. Otherwise, it is only found throughout South Carolina as a passage migrant 


(SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because its 


preferred breeding habitats are not located in the Project Area. Also, SCE&G does not propose to 


significantly change the shoreline classification or encourage development in the Project Area. 


4.5.13 SWAINSON’S WARBLER 


Female Swainson’s warblers build bulky nests at an average height of six feet in various 


vegetation, typically near dense vines or shrubs (Meyer 2006). Females lay an average of three 
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eggs per brood. One brood per year is typical, though renesting in the event of a failed first 


attempt is common. The female Swainson’s warbler incubates the eggs for 13 to 15 days and 


chicks leave the nest after 10 to 12 days (Meyer 2006). 


Swainson’s warbler is commonly found in bottomland hardwood forests. In the breeding season, 


they prefer the southeastern United States and migrate south to the Caribbean for the winter. 


Preferred habitat includes forests near rivers, swamps, or floodplains (Meyer 2006). Coniferous 


and deciduous forests with canebreaks are also desirable locations. 


Status in the Study Area 


Swainson’s warbler is an uncommon breeder in South Carolina, inhabiting bottomlands in the 


Coastal Plain and rhododendron thickets in the mountains (SCDNR 2015). It is known to occur 


in Abbeville, Beaufort, Berkeley, Charleston, Chesterfield, Dorchester, Greenville and Pickens 


counties (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because its 


preferred habitats are not present in the study area. 


4.5.14 KENTUCKY WARBLER 


During nesting season, the female Kentucky warbler builds her nest on or near the ground hidden 


and supported by shrubs or fallen branches (Cornell 2015b). A typical clutch size consists of 


three to six eggs which are incubated solely by the female for 12 to 13 days. Once hatched, the 


young are cared for by both parents for the eight to ten days before they fledge as well as another 


week after leaving the nest (Cornell 2015b). 


The Kentucky warbler’s range spans from the Great Plains to the Atlantic Coast, wintering in 


Central America (Cornell 2015b). Preferred habitat for this species of warbler include woods 


with dense, humid thickets, areas near rivers and edges of swamps (Cornell 2015b). Currently 


suffering from habitat loss, the Kentucky warbler is also prone to parasitism by the brown-


headed cowbird. 
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Status in the Study Area 


The Kentucky warbler is a common breeder found throughout South Carolina, with breeding 


activity confirmed in all but a few counties of the state (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 


4.5.15 BACHMAN’S SPARROW 


Bachman’s sparrow, distinguished by “buffy” brownish-gray under plumage that is tinged with 


reddish streaks, is monogamous throughout the year, typically yielding two broods each breeding 


season (USFWS 2015a). A female sparrow build a nest of grasses at, or just above, ground level 


and lays a clutch of three to four eggs and incubates for 12 to 14 days. After hatching, both 


parents care for the young until they leave the nest after nine to ten days (USFWS 2015a). 


Bachman’s sparrow spans the Coastal Plain and Piedmont of the southeastern United States. This 


species historically preferred mature pine forests, the majority of which have been logged 


(USFWS 2015a). Today, pine forests with a more open understory are the usual habitat for this 


sparrow. Populations have been seen to increase in the year immediately after a fire and decline 


after three years post-fire. The Bachman’s sparrow southern populations are non-migratory while 


the northern populations have a short migration in the winter (USFWS 2015a). 


  







 


 
DECEMBER 2015 - 54 -  


Status in the Study Area 


Bachman’s sparrow can be found throughout the Piedmont and Coastal Plain regions of the state, 


specifically Charleston, Georgetown and Jasper counties (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 


4.5.16 HENSLOW’S SPARROW 


Henslow’s sparrow is believed to be monogamous for the breeding season and produces two 


broods each year (NatureServe 2015a). The male sparrow suggests several different locations in 


areas of dense, tall grass in open fields and meadows. The female selects the site she prefers and 


begins building a nest on or near the ground and well hidden in the dense grasses and weeds 


(NatureServe 2015a). Typical clutch size is three to five eggs per brood and is incubated by the 


female for nine to 11 days. Once hatched, both male and female parents care for the young. The 


Henslow’s sparrow remains in the nest for nine to ten days after hatching (NatureServe 2015a). 


Henslow’s sparrow is a rare bird whose populations are in decline. Historically, the habitat 


preferred by this species included open, moist meadows, coastal plains, and salt marshes, but in 


recent years they have been less frequently observed in coastal areas (NatureServe 2015a). The 


Henslow’s sparrow breeds in the Central and Northeast United States and migrates to the 


Southeast, primarily the Gulf Coast, for winter (NatureServe 2015a). 


Status in the Study Area 


Henslow’s sparrows winter throughout the Coastal Plain, extending inland from the coast 


through the Sandhills (SCDNR 2015). This species is unlikely to be found within the study area, 


as it is generally limited to areas below the fall line in South Carolina. 
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Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because its 


preferred habitats are not present in the study area. 


4.5.17 RUSTY BLACKBIRD 


The female rusty blackbird is in charge of building the nest. Nests are typically a bulky cup 


shape of sticks and coarse grasses (NatureServe 2015f). They are placed in the mid to upper 


sections of small conifer trees. Rusty blackbird nests are often in or near wetlands. The female 


lays three to five eggs and she alone incubates the eggs for roughly two weeks (NatureServe 


2015f). While the female incubates the eggs, the male will often feed her in the nest or on a 


nearby branch. Both parents care for and feed the hatchlings. Rusty blackbird chicks remain in 


the nest for 10 to 12 days (NatureServe 2015f). 


Rusty blackbirds winter in the southeastern United States in flooded forests, wooded wetlands, 


and swamps (NatureServe 2015f). Breeding occurs in the boreal forests of Canada, specifically 


in patchy wetland areas with small coniferous trees (NatureServe 2015f). 


Status in the Study Area 


The rusty blackbird is a fairly common winter visitor to the Piedmont and Coastal Plain, with 


lesser numbers occurring in the Mountain region of South Carolina (SCDNR 2015). 


Determination of Effect 


Continued operation of the Project is expected to result in no effect on this species because 


SCE&G does not propose to significantly change the shoreline classification or encourage 


development in the Project Area. 
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5.0 SUMMARY 


The original approved Study Plan for this Rare, Threatened, and Endangered Species Desktop 


Assessment (October 2014) was expanded based on an August 24, 2015 USFWS request to 


include several bird species considered to be of conservation concern for Piedmont Bird 


Conservation Region, as well as several Federal At-Risk Species.  We addressed the potential 


project effects on each of those species in the report.  Some of the species could occur in the 


Project boundary, but none of those species should be impacted by Project operations and are not 


protected by state or federal law. 


Of the 13 state- and federally-listed and candidate species originally identified by the USFWS, 


habitat requirements and known occurrence data suggest that only the bald eagle likely occurs in 


the study area with any regularity. Wood storks may periodically utilize portions of the study 


area of seasonal foraging (primarily by post-dispersal migrants during the summer months); 


however, this usage is expected to be sporadic and ephemeral. Habitat for Georgia aster has been 


noted on the adjacent V.C. Summer Nuclear Station site and on nearby U.S. Forest Service lands, 


suggesting that habitat may also exist within the Project study area. Potential occurrences of 


Georgia aster would be limited to terrestrial sites, which would not be affected by continued 


operation of the Project. Finally, several fish species that are not state- or federally-listed, but are 


classified as priority conservation species have been documented from the study area. Habitat 


requirements for these species will be assessed as part of the proposed IFIM study. Information 


from this study will be considered in developing Protection, Mitigation, and Enhancement 


measures. 
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PARR HYDROELECTRIC PROJECT 


(FERC NO. 1894) 


 


RARE, THREATENED AND ENDANGERED SPECIES STUDY PLAN 


 


SOUTH CAROLINA ELECTRIC & GAS COMPANY 


 


 


 


1.0 INTRODUCTION 


South Carolina Electric & Gas Company (SCE&G) is the Licensee of the Parr Fairfield 


Hydroelectric Project (FERC No. 1894) (Project). The Project consists of the Parr Hydro 


Development and the Fairfield Pumped Storage Development. Both developments are located 


along the Broad River in Fairfield and Newberry Counties, South Carolina (Figure 1).  


The Project is currently involved in a relicensing process which involves cooperation and 


collaboration between SCE&G as the licensee and a variety of stakeholders including state and 


federal resource agencies, state and local government, non-governmental organizations (NGOs), 


and interested individuals. Collaboration and cooperation of stakeholders is essential to the 


identification of and treatment of operational, economic, and environmental issues associated 


with a new operating license for the Project. SCE&G has established several Technical Working 


Committees (TWCs), including members from among the interested stakeholders, with the 


objective of achieving consensus regarding the identification and proper treatment of these 


resource issues in the context of a new license. 


In preparation for relicensing, SCE&G formed a Rare, Threatened and Endangered Species 


Technical Working Committee (“RT&E TWC” or “TWC”), which is comprised of interested 


stakeholders who are working with SCE&G to identify potential issues, make biological study 


recommendations, and provide technical and experience-based input related to rare, threatened 


and endangered (RT&E) species potentially residing in the Project area. SCE&G is planning to 


conduct a literature-based study to compile existing information on federally and state listed 


RT&E species in the immediate project area. SCE&G will use this information in developing 


their license application for Federal Energy Regulatory Commission (FERC). 
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2.0 STUDY OBJECTIVES 


The objective of this study is to characterize the present status of RT&E species at the Parr 


Fairfield Hydroelectric Project by providing information regarding the availability of RT&E 


habitat and characterize the known status of RT&E species within the Project boundary and 


Project vicinity. The presence or absence of select species will be verified through targeted field 


studies, including the Rocky Shoals Spider Lily Study, the Spiny Crayfish Study, and the 


Monticello Mussel Study.      


3.0 GEOGRAPHIC AND TEMPORAL SCOPE 


This study will focus on all areas within the FERC Project boundary, including Parr and 


Monticello reservoirs, the immediate vicinity of the Project in Fairfield and Newberry counties, 


and the area downstream of Parr Shoals Dam extending to and including Frost Shoals in 


Richland County. RT&E species that are deemed as potentially occurring within the Project Area 


and from Parr Shoals Dam extending to and including Frost Shoals, near Boatwright Island, 


along with the known presences of available RT&E habitat, will be evaluated. As this study is a 


desktop exercise, no field reconnaissance will be implemented. The study is scheduled to 


commence in 2015.   







 


 


OCTOBER 2013 - 3 -  


 


FIGURE 1 PARR-FAIRFIELD PROJECT LOCATION MAP







 


 


OCTOBER 2013 - 4 -  


4.0 COLLECTION METHODS AND ANALYSIS 


In order to appropriately characterize the present status of RT&E species in the Project vicinity, 


information will be collected from various sources, including the South Carolina Department of 


Natural Resources (SCDNR) and the U.S. Fish and Wildlife Service (USFWS) RT&E databases.  


As an initial step, a list of RT&E species documented as occurring in the counties surrounding 


the Project and downstream (Newberry, Fairfield and Richland) will be compiled based on the 


USFWS and SCDNR county level listings. Additional key species may be added at the request of 


TWC members, if agreed to be appropriate. The federal, state and global status of each of these 


species will be summarized, along with counties of occurrence. As a second step, known ranges 


of these species, along with occurrence data from the SCDNR Natural Heritage Program and 


other survey data, will then be used to eliminate species occurring in the counties but not in the 


Broad River Basin. Habitat requirements of each of the remaining species will then be 


summarized and compared to available habitat within the Project boundary and the area 


downstream of the Parr Shoals Dam extending to and including Frost Shoals, near Boatwright 


Island. This analysis will yield a list of species that potentially occur within the Broad River 


Basin, and that have suitable habitat within the Project Boundary and downstream of the Parr 


Shoals Dam extending to and including Frost Shoals, near Boatwright Island.   


5.0 SCHEDULE 


Research and data collection efforts will begin no later than the spring of 2015. A final report 


summarizing the study findings including the compiled spreadsheets will be issued within 120 


days of the completion of data collection. Study methodology and timing may be adjusted based 


on consultation with resource agencies and interested stakeholders.  


6.0 USE OF STUDY RESULTS 


Study results will be used as an information resource during discussion of relicensing issues and 


developing potential Protection, Mitigation and Enhancement measures with the SCDNR, 


USFWS, RT&E TWC and other relicensing stakeholders.  
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South Carolina List of At‐Risk, Candidate, Endangered, and Threatened Species ‐ Fairfield County 


* Contact National Marine Fisheries Service (NMFS) for more information on this species


** The U.S. Fish and Wildlife Service (FWS) and NMFS share jurisdiction of this species


ARS At‐Risk Species ‐ Species that the FWS has been petitioned to list and for which a positive 90‐day


finding has been issued (listing may be warranted); information is provided only for conservation 


actions as no Federal protections currently exist.


BGEPA Federally protected under the Bald and Golden Eagle Protection Act


C FWS or NMFS has on file sufficient information on biological vulnerability and threat(s) to support


proposals to list these species


CH Critical Habitat


E Federally Endangered


P ‐ CH Proposed critical habitat in the Federal Register


S/A Federally protected due to similarity of appearance to a listed species


T Federally Threatened


COUNTY CATEGORY COMMON NAME SCIENTIFIC NAME STATUS


Amphibian


Bird Bald eagle  Haliaeetus leucocephalus BGEPA


Crustacean Little River (Broad River spiny) crayfish Cambarus spicatus ARS


Fish Blueback herring Alosa aestivalis ARS


Insect


Mammal


Mollusk Carolina heelsplitter Lasmigona decorata E


Plant Georgia aster Symphyotrichum georgianum C
Reptile


These lists should be used only as a guideline, not as the final authority.  The lists include known occurrences and areas where 


the species has a high possibility of occurring.  Records are updated as deemed necessary and may differ from earlier lists.  


For a list of State endangered, threatened, and species of concern, please visit https://www.dnr.sc.gov/species/index.html.


Fairfield None Found


None Found


None Found


None Found


April 2013







South Carolina List of At‐Risk, Candidate, Endangered, and Threatened Species ‐ Newberry County 


* Contact National Marine Fisheries Service (NMFS) for more information on this species


** The U.S. Fish and Wildlife Service (FWS) and NMFS share jurisdiction of this species


ARS At‐Risk Species ‐ Species that the FWS has been petitioned to list and for which a positive 90‐day


finding has been issued (listing may be warranted); information is provided only for conservation 


actions as no Federal protections currently exist.


BGEPA Federally protected under the Bald and Golden Eagle Protection Act


C FWS or NMFS has on file sufficient information on biological vulnerability and threat(s) to support


proposals to list these species


CH Critical Habitat


E Federally Endangered


P ‐ CH Proposed critical habitat in the Federal Register


S/A Federally protected due to similarity of appearance to a listed species


T Federally Threatened


COUNTY CATEGORY COMMON NAME SCIENTIFIC NAME STATUS


Amphibian


Bird Bald eagle Haliaeetus leucocephalus BGEPA


Bird Wood stork  Mycteria americana E


Crustacean Newberry burrowing crayfish (Saluda) Distocambarus youngineri ARS


Fish


Insect


Mammal


Mollusk Savannah lilliput Toxolasma pullus ARS


Mollusk Yellow lance Elliptio lanceolata ARS


Plant


Reptile


These lists should be used only as a guideline, not as the final authority.  The lists include known occurrences and areas where 


the species has a high possibility of occurring.  Records are updated as deemed necessary and may differ from earlier lists.  


For a list of State endangered, threatened, and species of concern, please visit https://www.dnr.sc.gov/species/index.html.


Newberry
None Found


None Found


None Found


None Found


None Found


None Found


April 2013







South Carolina List of At-Risk, Candidate, Endangered, and Threatened Species - Richland County  


6/18/2014


* Contact National Marine Fisheries Service (NMFS) for more information on this species


** The U.S. Fish and Wildlife Service (FWS) and NMFS share jurisdiction of this species


ARS At-Risk Species - Species that the FWS has been petitioned to list and for which a positive 90-day
finding has been issued (listing may be warranted); information is provided only for conservation 
actions as no Federal protections currently exist.


BGEPA Federally protected under the Bald and Golden Eagle Protection Act


C FWS or NMFS has on file sufficient information on biological vulnerability and threat(s) to support
proposals to list these species


CH Critical Habitat


E Federally Endangered


P or P - CH Proposed for listing or critical habitat in the Federal Register


S/A Federally protected due to similarity of appearance to a listed species


T Federally Threatened


COUNTY CATEGORY COMMON NAME SCIENTIFIC NAME STATUS
Amphibian Chamberlain’s dwarf salamander Eurycea chamberlaini ARS
Bird Bald eagle Haliaeetus leucocephalus BGEPA
Bird Red-cockaded woodpecker Picoides borealis E


Crustacean
Little River (Broad River spiny) crayfish Cambarus spicatus ARS


Fish American eel Anguilla rostrata ARS
Fish Atlantic Sturgeon* Acipenser oxyrinchus* E
Fish Blueback herring Alosa aestivalis ARS
Fish Robust redhorse Moxostoma robustum ARS
Fish Shortnose sturgeon* Acipenser brevirostrum* E
Insect 
Mammal
Mollusk Savannah lilliput Toxolasma pullus ARS
Plant Bog spicebush Lindera subcoriacea ARS
Plant Canby's dropwort Oxypolis canbyi E
Plant Carolina-birds-in-a-nest Macbridea caroliniana ARS
Plant Ciliate-leaf tickseed Coreopsis integrifolia ARS
Plant Georgia aster Symphyotrichum georgianum C
Plant Purple balduina Balduina atropurpurea ARS
Plant Rough-leaved loosestrife  Lysimachia asperulaefolia E
Plant Smooth coneflower Echinacea laevigata E
Plant Spathulate seedbox Ludwigia spathulata ARS
Reptile Southern hognose snake Heterdon simus ARS


These lists should be used only as a guideline, not as the final authority.  The lists include known occurrences and areas where 
the species has a high possibility of occurring.  Records are updated as deemed necessary and may differ from earlier lists.  


For a list of State endangered, threatened, and species of concern, please visit https://www.dnr.sc.gov/species/index.html.


None Found
None FoundRichland
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From: Vivianne Vejdani
To: Kelly Miller
Cc: Bill Marshall; "Richard Christie"
Subject: RE: draft RT&E Species Desktop Assessment
Date: Wednesday, July 09, 2014 4:37:08 PM


Hi Kelly,
 
The plan looks good but I would offer perhaps one general suggestion...the phrase "does not occur
within the study area/project area" be replaced by something like "is not likely to occur," in cases
where on the ground surveys have not been conducted. 
 
 


From: Kelly Miller [mailto:Kelly.Miller@KleinschmidtGroup.com] 
Sent: Monday, June 23, 2014 4:34 PM
To: Alison Jakupca; BARGENTIERI@scana.com; Bill Marshall; Bill Stangler
(CRK@congareeriverkeeper.org); Byron Hamstead (Byron_hamstead@fws.gov); Chad Altman
(altmankc@dhec.sc.gov); David Eargle (eargleda@dhec.sc.gov); Gerrit Jobsis
(gjobsis@americanrivers.org); Henry Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov); Karla
Reece (Karla.Reece@noaa.gov); Kelly Miller; QUATTLEBAUM, MILTON; rammarell@scana.com; Randy
Mahan (randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Sam Stokes Jr.; Scott
Castleberry (castlews@dhec.sc.gov); Shane Boring; Steve Summer; Tom McCoy
(thomas_mccoy@fws.gov); Vivianne Vejdani
Subject: draft RT&E Species Desktop Assessment
 
All,
 
Attached is the draft Rare, Threatened and Endangered Species Desktop Assessment.  Please review


and submit any comments or edits to me by Wednesday, July 9th. Please note that the appendices
will be included with the final report.
 
Thanks!
Kelly
 
Kelly Miller
Regulatory Coordinator


Office: 803.462.5633
www.KleinschmidtGroup.com
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From: Hamstead, Byron
To: Kelly Miller
Cc: Alison Jakupca; BARGENTIERI@scana.com; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler


(CRK@congareeriverkeeper.org); Chad Altman (altmankc@dhec.sc.gov); David Eargle (eargleda@dhec.sc.gov);
Gerrit Jobsis (gjobsis@americanrivers.org); Henry Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov);
Karla Reece (Karla.Reece@noaa.gov); QUATTLEBAUM, MILTON; rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Sam Stokes (stokess@dnr.sc.gov); Scott
Castleberry (castlews@dhec.sc.gov); Shane Boring; Steve Summer; Tom McCoy (thomas_mccoy@fws.gov);
Vivianne Vejdani


Subject: Re: draft RT&E Species Desktop Assessment
Date: Wednesday, July 09, 2014 4:39:38 PM
Attachments: 20140709_Parr RTE TWC proposal to include two mussels for consideration.docx


All,


The Service proposes that two additional species be included for consideration by
the RT&E TWC, Lampsilis cariosa and Elliptio roanokensis. Attached is a document
that aims to provide our basis for this proposal, and information relevant to the
objectives of the desktop assessment.  Please let me know if you have any questions
regarding this information.  Additionally, I can send along the 2007 mussel survey
data (from Price et al. 2009) in GIS file format if you request it.  The Service
appreciates the opportunity to participate on this Committee.


Thanks,
Byron 


                                                 


Byron Hamstead
Fish and Wildlife Biologist
USFWS Charleston Field Office
176 Croghan Spur Rd., Suite 200
Charleston, SC, 29407


843-727-4707 ext. 205


On Mon, Jun 23, 2014 at 4:33 PM, Kelly Miller
<Kelly.Miller@kleinschmidtgroup.com> wrote:


All,


 


Attached is the draft Rare, Threatened and Endangered Species Desktop
Assessment.  Please review and submit any comments or edits to me by
Wednesday, July 9th. Please note that the appendices will be included with the
final report.


 


Thanks!


Kelly
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RT&E TWC,


The Service would like to propose including two additional species as South Carolina conservation priority species for consideration under the relicensing of the Parr Fairfield Hydro Project.  To our knowledge, the uppermost significant populations of Lampsilis cariosa and Elliptio roanokensis in the Broad River occur in the tailrace of the Project.  We have prepared the following information to aid the reworking of the RT&E Desktop Assessment Report dated June 2014. 


Yellow Lampmussel (Lampsilis cariosa)


Description


This thick-shelled freshwater mussel has an obovate outline and a waxy yellow periostracum that is rarely rayed.  This species is sexually dimorphic, where females have a more rounded posterior margin and males are more elongate.  


Gravid L. cariosa observed in the Congaree River in 2007, were reported to release their glochidia between June and July (Price et al. 2009). These animals are long-term brooders that attract piscivorous hosts with mantle lure display.  Broad River host trials indicate that Moronids like striped bass and white bass are likely natural hosts for Yellow Lampmussel, though Centrarchids may also be viable hosts (Price et al. 2009). 


[image: File:Lampsilis cariosa with lure.jpg]  Photo Credit: J. Cole, USGS


Distribution and Status


The range of this animal extends from the Ogeechee River in Georgia to Nova Scotia.  However, its distribution in South Carolina is restricted to populations in the Savannah, Broad, Wateree, Congaree, and Pee Dee River basin (Bogan and Alderman 2008, Price 2009, Kleinschmidt 2013).  Populations in the Congaree and Pee Dee Rivers are likely the healthiest in SC, yet recruitment is rarely observed (www.dnr.sc.gov).  Presently, this mussel is not considered threatened, endangered, an At-Risk-Species, candidate, or petitioned species by the Service.  In the southern states, Natureserve (2014) considers this species either imperiled or critically imperiled, and designated Yellow Lampmussel with a rounded global status of G3 (vulnerable).  The IUCN lists the Yellow Lampmussel as Endangered (Bogan 1996).  The SC SWAP ranks L. cariosa as highest conservation priority.  Williams et al. (1993) considered Yellow Lampmussel threatened and Bogan and Alderman (2008) proposed it as State Endangered in SC.  


In 2007, 60 sites were surveyed for mussels on the Broad/Congaree River from Cayce to 5RM south of the North Carolina border. Six sites were surveyed between Parr dam and Columbia dam, and seven sites were sampled in the Parr Reservoir.  However, only nine individuals were collected from three sites located 2-3RM downstream of the confluence of the Broad and Saluda Rivers (Price et al. 2009). 


In 2012, 13 sites just downstream from the Parr Shoals Dam were surveyed on the northeast side of Hampton Island (Kleinshcmidt 2013).  This survey reported two sites where L. cariosa was present (CPUE ranging from 0.5-0.57 mussels/surveyor-hour).  This location represents the uppermost extent of Yellow Lampmussel’s known range in the Broad River.


Concerns


Presently, the upstream extent of this species range stops at the Parr Shoals Dam, but historically, it likely occurred well above the Project on the Broad River and its tributaries.  The alteration of habitat resulting from the impoundment of the Broad River at Parr Shoals dam has likely contributed to the decline of this species.  Moreover, the Service is concerned that the Project is presently restricting the distribution and recovery of this vulnerable mussel by obstructing the migration and distribution of its host fish.





Roanoke Slabshell (Elliptio roanokensis)


Description


This large-bodied freshwater mussel has an elliptical outline and a yellow reddish-brown periostracum with subtle greenish rays.    


[bookmark: _GoBack]The host fish for this species are still somewhat speculative, but it is thought that it parasitizes a diadromous fish host.  This idea is supported by the NCWRC, which asserts that generally, the best E. roanokensis populations are known to occur below the last major dam within river basins (www.ncwildlife.org).  Moreover, host studies conducted for E. roanokensis only showed successful transformation on Blueback herring (most successful), Gizzard shad, and White perch although a suite of taxa were considered including Ictalurids, Cyprinids, Centrarchids, Catastomids, and Anguillids (Price et al. 2009).     


Distribution and Status


The historical range of this animal extends from the Savanna River to the Connecticut River, but it no longer occurs north of the Nottoway River in Virginia.  Its distribution in South Carolina is restricted to populations in the Savannah, Catawba, Congaree, and Pee Dee River basin (Bogan and Alderman 2008).  Currently, this mussel is not considered threatened, endangered, an At-Risk-Species, candidate, or petitioned species by the Service.  Roanoke slabshell is listed as Vulnerable by the IUCN (Cummings and Cordeiro 2012).  In the southern states, Natureserve (2014) considers this species either imperiled or critically imperiled, and designated it a rounded global status of G3 (vulnerable).  This species has State Threatened status in North Carolina, is highest conservation priority in Virginia, and high conservation priority in SC.  Williams et al. (1993) listed this species as Special Concern and Bogan and Alderman (2008) proposed it as State Threatened in SC.  


In 2007, 60 sites were surveyed for mussels on the Broad/Congaree River from Cayce to 5RM south of the North Carolina border. Six sites were surveyed between Parr dam and Columbia dam, seven sites were sampled in the Parr Reservoir, and 13 sites were surveyed below the Columbia Dam near the confluence of the Broad and Saluda Rivers.  Of these 60 sites, Roanoke slabshell was restricted to 194 live individuals from eight sites below the Columbia Dam (CPUE ranging from 1-62 mussels/surveyor-hour) and one individual from one site in Cherokee County, SC (Price et al. 2009). 


In 2012, 13 sites just downstream from the Parr Shoals Dam were surveyed on the northeast side of Hampton Island (Kleinschmidt 2013).  This survey reported nine sites where E. roanokensis was present (CPUE ranging from 4-18 mussels/surveyor-hour), representing the healthiest, upper-most, extent of its presently known range in the Broad River.


Concerns


Currently, the healthiest population of E. roanokensis in the Broad River stops at the tailrace of Parr Shoals Dam.  However, it is likely that Roanoke slabshell once thrived well above the Project on the Broad River.  Cummings and Cordeiro (2012), estimate that in the past 25-50 years, the range of E. roanokensis has declined 50%, which translates to a 30% decline in populations.  The alteration of habitat resulting from the impoundment of the Broad River at Parr Shoals dam has likely contributed to the decline of this species.  Moreover, the Service is concerned that the Project is presently restricting the distribution and recovery of this vulnerable mussel by obstructing the migration and distribution of its host fish.
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From: Hamstead, Byron
To: Kelly Miller
Cc: Alison Jakupca; BARGENTIERI@scana.com; Bill Marshall (marshallb@dnr.sc.gov); Bill Stangler


(CRK@congareeriverkeeper.org); Chad Altman (altmankc@dhec.sc.gov); David Eargle (eargleda@dhec.sc.gov);
Gerrit Jobsis (gjobsis@americanrivers.org); Henry Mealing; Jay Maher; Jim Glover (gloverjb@dhec.sc.gov);
Karla Reece (Karla.Reece@noaa.gov); QUATTLEBAUM, MILTON; rammarell@scana.com; Randy Mahan
(randolph.mahan@scana.com); randy mahan (rmahan@sc.rr.com); Sam Stokes (stokess@dnr.sc.gov); Scott
Castleberry (castlews@dhec.sc.gov); Shane Boring; Steve Summer; Tom McCoy (thomas_mccoy@fws.gov);
Vivianne Vejdani


Subject: Re: draft RT&E Assessment in track changes
Date: Sunday, August 24, 2014 1:36:04 PM
Attachments: 20140824_USFWS Comments_Parr RTE Desktop Assessment.docx


Hi Kelly,


Please see comments from the USFWS on the RTE desktop assessment.  Many
thanks for your efforts to include the yellow lampmussel and Roanoke slabshell in
your assessment. Please let me know if you have any questions regarding these
comments.  I will be away from the office for the next two weeks, but I am available
via email or my cell: 919.946.0874. 


Thanks,
Byron


                                                 


Byron Hamstead
Fish and Wildlife Biologist
USFWS Charleston Field Office
176 Croghan Spur Rd., Suite 200
Charleston, SC, 29407


843-727-4707 ext. 205


This email correspondence an any attachments to and from this sender is subject to
the Freedom of Information Act and may be disclosed to third parties.


On Wed, Aug 13, 2014 at 10:01 AM, Kelly Miller
<Kelly.Miller@kleinschmidtgroup.com> wrote:


Good morning!


 


The draft Rare, Threatened and Endangered Species Desktop Assessment has
been revised to address comments received by Byron Hamstead and Vivianne
Vejdani.  These revisions are included in track changes in the attached document. 
Please review the revised report and if everyone approves of the changes, I will
attach the appendices and finalize the document.


 


Thanks!
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FERC NO. 1894





RARE, THREATENED AND ENDANGERED SPECIES DESKTOP ASSESSMENT


SOUTH CAROLINA ELECTRIC & GAS COMPANY


	


[bookmark: _Toc395684557]Introduction


The Parr Hydroelectric Project (Project) (FERC No. 1894) is located along the Broad River in Newberry and Fairfield counties, South Carolina and is owned and operated by South Carolina Electric & Gas Company (SCE&G). The Project consists of two developments, including the Parr Shoals Development and the Fairfield Pumped Storage Development. The project location is depicted in Figure 21.


In preparation for relicensing, SCE&G consulted with local, state and Federal agencies and other interested stakeholders to identify potential impacts of project operations on natural resources. A Rare, Threatened and Endangered Species Technical Working Committee (“RT&E TWC” or “TWC”) was formed and is comprised of representatives from the United States Fish and Wildlife Service (USFWS), National Marine Fisheries Service (NMFS), South Carolina Department of Natural Resources (SCDNR), South Carolina Department of Health and Environmental Control (SCDHEC), non-governmental organizations (NGOs), SCANA/SCE&G and other interested individuals. In addition to several field surveys for selected species, the TWC agreed upon a literature-based assessment to summarize the status of federally and state listed rare, threatened and endangered species (RT&E) occurring in the Parr Hydroelectric Project vicinity. As outlined in the RT&E Species Study Plan (Appendix A), the objective of this assessment was to identify those species potentially occurring in the Project vicinity, which includes habitats within the Project Boundary and in the downstream reach of the Broad River that is influenced by the Project (Richland County), based on review of occurrence data and habitat requirements. It should be noted that site-specific surveys are being conducted for several species of conservation concern (Table 11), and as such, these species are not included in this assessment.
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[bookmark: _Ref388450199][bookmark: _Toc388446469][bookmark: _Toc395684594]Table 11	Species of Conservation Concern Addressed by Site-Specific Studies


			Common Name


			Scientific Name


			Federal Status1


			State Status


			CWCS2 Priority Level


			Study Plan





			Rocky Shoals Spider Lily


			Hymenocallis coronaria


			


			rare


			n/a


			Rocky Shoals Spider Lily Study Plan





			American Eel


			Anguilla rostrata


			ARS


			


			Highest


			American Eel Study Plan





			Little River (Broad River spiny) Crayfish


			Cambarus spicatus


			ARS


			


			High


			Broad River Spiny Crayfish Study Plan











1	ARS – At-Risk-Species, Refers to species that the USFWS has been petitioned to list and for which a positive 90-day finding has been issued (listing may be warranted), yet no Federal protections currently exist.


2 	Refers to conservation priority level as listed in SCDNR’s Comprehensive Wildlife Conservation Strategy (SCDNR 2006).









[bookmark: _Toc395684558]Consultation History


During initial consultation, the USFWS provided county-level listings of RT&E species occurring in the two county regions surrounding the Project (Fairfield and Newberry counties; Appendix B). At the May 16, 2013 RT&E TWC meeting, the TWC discussed several species that should be addressed during relicensing (meeting notes are in Appendix C). SCDNR requested that the TWC add eight species to this analysis that are not state or federally-listed, but are considered state conservation priority species (Table 43). Based on a review of the initial  draft of this report, two additional mussel species that are not state or federally listed but are state conservation priority species (yellow lampmussel and Roanoke slabshell) were also added to this analysis (Table 4-3).  The TWC agreed that SCE&G would conduct a literature-based review to determine habitat requirements for each of these species and compare those requirements with typical habitat types known to occur in the study area for this report.


The RT&E TWC met again on October 22, 2013 to discuss the Rare, Threatened and Endangered Species Desktop Assessment Study Plan (study plan in Appendix A; meeting notes in Appendix C). At this meeting, the TWC agreed to extend the study area to include areas of the Broad River downstream of the Project Boundary. More specifically, it was agreed that the  study area would include habitats within the Project Boundary (Project Area) (Figure 21), as well as the reach of the Broad River from Parr Shoals Dam through Frost Shoals, near Boatwrights Island ([image: J:\455\088\Docs\Parr RTE Study.jpg]


Figure 22Figure 22). This area encompasses three counties in South Carolina: Newberry, Fairfield and Richland counties.
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[bookmark: _Ref388620197][bookmark: _Toc390855756][image: J:\455\088\Docs\Parr RTE Study.jpg]


[bookmark: _Toc395684613]Figure 22	Downstream  RT&E Study Area





[bookmark: _Toc395684559]Methodology


As an initial step, the USFWS county-level listings for Newberry, Fairfield and Richland counties were reviewed to identify species potentially occurring in the study area that are federally listed as threatened or endangered under the US Endangered Species Act of 1972 (ESA), or are candidates for such listing. Similarly, SCDNR county-level listings for the three counties were also reviewed to identify species that are state listed under the South Carolina Nongame and Endangered Species Conservation Act of 1974. Bald eagle, which was removed from the federal endangered species list in 2007, was included in the assessment because of its continued protection under the Bald and Golden Eagle Protection Act of 1938. As previously noted, teneight species that are considered priority species in the SCDNR’s Comprehensive Wildlife Conservation Strategy (SCDNR 2006), and are documented as occurring in the three counties of interest, were also added to the analysis (Table 43). Known ranges, life history and habitat requirements for each of these species were then summarized and compared to conditions occurring in the study area to determine the potential for occurrence and to identify potential project effects.





[bookmark: _Ref387397248]



[bookmark: _Toc395684560][bookmark: _Toc388620926]Species Descriptions and Analysis 


[bookmark: _Toc388620927][bookmark: _Toc395684561]Federally Listed Species


Ten species that are federally listed as threatened or endangered, or are candidates for such listing, are included on the USFWS county-level listings for the three counties of interest (Table 41). None of the federally listed species on Table 41 have critical habitat designated in the study area. Life history information and habitat requirements for these species, as well as their status within the study area and potential to be affected by continued operation of the Project, are summarized below.


[bookmark: _Ref390699898][bookmark: _Toc395684595]Table 41	Federally Listed and Candidate Species Occurring in Richland, Fairfield, and Newberry Counties, South Carolina (Source: USFWS 2013a)





			COMMON NAME


			SCIENTIFIC NAME


			FEDERAL STATUS1   


			STATE STATUS2


			COUNTIES





			Birds





			Bald eagle


			Haliaeetus leucocephalus


			P


			T


			Newberry, Fairfield, Richland





			Red-cockaded woodpecker


			Picoides borealis


			E


			E


			Richland





			Wood stork


			Mycteria americana


			E


			E


			Newberry, Richland





			Fish





			Atlantic sturgeon


			Acipenser oxyrinchus oxyrinchus


			E


			E


			Richland





			Shortnose sturgeon


			Acipenser brevirostrum


			E


			E


			Richland





			Invertebrates





			Carolina heelsplitter


			Lasmigona decorata


			E


			


			Newberry, Fairfield, Richland





			Plants





			Canby's dropwort


			Oxypolis canbyi


			E


			


			Richland





			Georgia aster


			Symphyotrichum georgianus


			C


			


			Fairfield, Richland





			Rough-leaved loosestrife


			Lysimachia asperulaefolia


			E


			


			Richland





			Smooth coneflower


			Echinacea laevigata


			E


			 


			Richland











1 	Federal Status – E (listed as Endangered under ESA); T (listed as Threatened under ESA); C (Candidate for Federal listing); SC (Federal Species of Concern); P (Federally protected).





2 State Status – E (state listed as endangered); T (state listed as threatened)


[bookmark: _Toc395684562]Bald Eagle


The bald eagle was removed from the federal list of threatened species in 2007 (USFWS 2007a) but remains protected as a state endangered species under the South Carolina Nongame and Endangered Species Conservation Act, and federally under the Bald and Golden Eagle Protection Act and Migratory Bird Treaty Act (16 U.S.C.668-668d) (72 FR 37345-37372). Bald eagles are found throughout North America, typically around water bodies, where they feed primarily on fish and carrion. Studies suggest that reservoirs, especially those associated with hydroelectric facilities, are particularly attractive to foraging bald eagles (Brown 1996). Eagles nest in large trees near water and typically repair and use the same nest for several years, (Degraaf and Rudis 1986). In South Carolina, the distribution of eagle nesting has expanded from the coast to encompass more inland areas. This expansion has been attributed to the construction of approximately 491,000 acres of large reservoirs in the state since the early 1900s (Wilde et al. 2003). In South Carolina, the number of estimated nesting pairs has increased from 13 in 1977 to 181 in 2003 (Wilde et al. 2003). 


Status in the Study Area


Bald eagles are commonly observed in the study area (SCE&G 2010), with Monticello and Parr reservoirs, as well as the lower Broad River, providing abundant foraging habitat. In addition, nine bald eagle nests are known to occur in the study area and the surrounding vicinity (SCE&G unpublished data) (Figure 41).


[image: ]














[bookmark: _Ref390934747][bookmark: _Toc395684614]Figure 41	Eagle Nest Locations in the Vicinity of the Parr Project





Determination of Effect


Continued operation of the Project is not likely to result in negative effects on eagle foraging or nesting. SCE&G tracks bald eagle nesting in the Project Area and utilizes this information to minimize potential impacts of various shoreline management activities on eagle nests. Specifically, SCE&G refrains from issuing shoreline permits for activities within 660 ft of an active nest during the nesting season (September through May) and 330 ft during the non-nesting season. This policy is in adherence to the USFWS habitat guidelines for nesting bald eagles (USFWS 2007b). SCE&G also frequently consults with USFWS Ecological Services staff regarding proposed activities in the vicinity of known nests.


[bookmark: _Toc395684563]Red-Cockaded Woodpecker


The red-cockaded woodpecker (RCW) is endemic to open, mature, and old growth pine ecosystems in the southeastern United States (USFWS 2003). Over 97% of the pre-colonial era RCW population has been eradicated, leaving only roughly 14,000 RCWs living in about 5,600 colonies scattered across eleven states, including South Carolina. RCW decline is generally attributed to a loss of suitable nesting and foraging habitats, including longleaf pine systems, due to logging, agriculture, fire suppression, and other factors (USFWS 2003). Suitable nesting habitat generally consists of open pine forests and savannahs with large, older pines and minimal hardwood midstory or overstory. Living trees, especially older trees that are susceptible to red-heart disease making them more easily excavated, provide the RCWs preferred nesting cavities. Suitable foraging habitat consists of open-canopy, mature pine forests with low densities of small pines, little midstory vegetation, limited hardwood overstory, and abundant bunchgrass and forb groundcover (USFWS 2003).


Status in the Study Area


There are no known reports of RCWs in areas surrounding the Project or along the lower Broad River. Further, there is no known longleaf pine savanna habitat in the study area.


Determination of Effect


Based on the lack of suitable habitat, it is very unlikely that this species occurs in the study area and thus would not be affected by continued operation of the Project.


[bookmark: _Toc395684564]Wood Stork


The wood stork is a large, colonial wading bird and is the only stork species that breeds in the United States (USFWS 1996). It was federally listed as endangered in 1984, primarily due to loss of wetland habitat throughout its range, but recently its status has been proposed for downlisting from endangered to threatened due to significant population recovery (USFWS 2012b). It uses a variety of wetlands for nesting, feeding, and roosting. Nesting colonies (rookeries) in South Carolina are typically surrounded by extensive palustrine forested wetlands. Nests are usually located in the upper branches of large black gum or cypress trees, and several nests are typically located in each tree. Like most wading birds, storks feed primarily on small fish. Shallow, open water is required for successful foraging, and depressions where fish become concentrated during periods of falling water levels are particularly attractive sites. Currently, nesting of the species in the United States is thought to be limited to the coastal plain of South Carolina, North Carolina, Georgia, and Florida (Murphy and Hand 2013), which is consistent with recent survey work that found no nesting on the adjacent Saluda Hydroelectric Project (Kleinschmidt 2005). 


Status in the Study Area


Periodic foraging of wood storks has been documented in the adjacent Saluda River Basin (Kleinschmidt 2005). Shallow backwaters in the study area, particularly in the upper reaches of the Parr Reservoir, may provide foraging habitat for transient wood storks. Although habitat is present, wood stork use of these areas has not been documented.


Determination of Effect	Comment by Hamstead, Byron A: Have the waterfowl management areas been surveyed for wood stork? How might management of these areas affect nesting/foraging birds that might occur in the area? 


Project operations are expected to result in no effects on wood storks or their habitat. In fact, fluctuating water levels in Parr Reservoir could enhance foraging habitat by periodically trapping fish in shallow pool areas.


[bookmark: _Toc395684565]Atlantic Sturgeon


The Atlantic sturgeon is a large (up to 5.5m in length), long-lived (up to 60 years) anadromous species that was historically present in the Santee Basin at least as far inland as the fall line (Newcomb and Fuller 2001). The Carolina Distinct Population Segment of Atlantic sturgeon, which includes the Santee Basin population, is federally listed as endangered (77 FR 5914), primarily due to overharvesting for flesh and eggs (caviar) during the early to mid-20th Century, as well as habitat degradation and blockage of access to historical spawning grounds (NMFS1998a). 


The Atlantic sturgeon is considered estuarine anadromous, spending most of it life in estuarine and ocean environments and undertaking spawning migrations into riverine systems during late-winter and spring months (NMFS 1998a; Marcy et al. 2005). Spawning typically occurs over hard bottoms of clay, rubble, or gravel, with flowing water and temperatures of 14 - 24°C. After spawning, females typically return to estuarine environments within 4 to 6 weeks, while males may remain in the river through the fall. Juveniles of this species remain in the natal rivers for 3 to 5 years before migrating to the ocean (Marcy et al. 2005).


Status in the Study Area


Atlantic sturgeon were historically present at least as far inland as the fall line (Newcomb and Fuller 2001). Current upstream distribution in the Santee Basin is thought to be limited by the lack of passage for Atlantic sturgeon at the Santee Cooper Dams[footnoteRef:1]. This information indicates that this species does not occur in the Project study area. 	Comment by Hamstead, Byron A: While information indicates that the species does not presently occur in the project area, it may be present within the term of the project’s new license as the agencies have established a goal of restoring diadromous fish populations and providing access to historic spawning/foraging habitats in the Santee River basin. Likewise, the effect of project operation may change within the term of the Project’s new license. [1:  Bill Post (SCDNR), personal communication, April 24, 2014. 	] 



Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc395684566]Shortnose Sturgeon


The shortnose sturgeon is federally listed as endangered and is thought to have occurred historically in the reach of the Broad River encompassed by the Project (Welch 2000, Newcomb and Fuller 2001). Shortnose sturgeon are amphidromous (semi-anadromous) spending portions of their life cycle in low salinity estuaries and portions in freshwater rivers (NMFS 1998b; Kynard 1997; Buckley and Kynard 1985). Shortnose sturgeon begin migrating to spawning areas of inland riverine reaches in the spring (typically mid-February through March in South Carolina) when water temperatures rise above 9 °C (Kynard 1997, Hall et al. 1991). Shortnose sturgeon spawning has been documented in the Congaree River near the City of Columbia over substrates of sand, gravel and rock, at temperatures ranging from 9.7-15.6°C, and dissolved oxygen concentrations of 10.6-12.5 mg/L (Collins et al. 2003).


Status in the Study Area


Population groups of shortnose sturgeon are known from downstream of the Santee-Cooper dams (lakes Marion and Moultrie) in the lower reaches of the Santee-Cooper Basin (Collins et al. 2003). An additional dam-locked spawning population of shortnose sturgeon has been documented in the Santee-Cooper lakes (with Lake Marion and its tributaries harboring the most significant number of fish) and upstream in the Congaree River. Radio-telemetry studies have documented migration of shortnose sturgeon as far upstream on the Congaree River as the Blossom Street Bridge adjacent to the City of Columbia and just downstream of the Columbia Hydropower Project and the confluence of the Broad and Saluda rivers (Finney et al. 2006); however, consultation with SCDNR staff indicates that this occurrence was related to one observation and that their radiotelemetry data suggest that shortnose sturgeon activity is primarily limited to areas downstream of Granby Lock and Dam[footnoteRef:2], an abandoned lock and dam located on the Congaree approximately 28 miles downstream of the Parr Project. 	Comment by Hamstead, Byron A: My previous comment is also relevant for SNS. Additionally, I think that it is appropriate to mention here the proximity of the Columbia fishway to this occurrence of SNS. It is also worth mentioning that the Columbia fishway was designed with the passage of sturgeon in mind. [2:  Bill Post (SCDNR), personal communication, April 24, 2014.] 



Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc395684567]Carolina Heelsplitter


The Carolina heelsplitter is the only South Carolina freshwater mussel currently listed as federally endangered (Price 2006). Although it was once found in large rivers and streams, the Carolina heelsplitter is now restricted to cool, clean, shallow, heavily shaded streams of moderate gradient. Stable streambanks and channels, with pool, riffle and run sequences, little or no fine sediment, and periodic natural flooding, appear to be required for the Carolina heelsplitter.


Status in the Study Area


Carolina heelsplitter is known to occur in isolated populations distributed in the Savannah, Pee Dee, and Catawba drainages and is not known to occur in the Broad River Basin (Price 2006) or within the study area.






Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc395684568]Canby’s Dropwort


Canby’s dropwort is a perennial plant that grows in coastal plain habitats including wet meadows, wet pineland savannas, ditches, sloughs, and around the edges of cypress-pine ponds (USFWS 2010). The healthiest populations seem to occur in open bays or ponds, which are wet most of the year and have little or no canopy cover. Ideal soils for Canby's dropwort have a medium to high organic content and a high water table. They are also acidic, deep, and poorly drained.


Status in the Study Area


No populations of Canby’s dropwort have been documented in the study area. The prime habitat for this species is coastal plain habitat and thus this species would not be expected to occur in the study area.	Comment by Hamstead, Byron A: Mention any surveys that have been conducted for it. Were any surveys or habitat evaluations conducted for VC Summer? 


Determination of Effect


Because Canby’s dropwort is not expected to occur in the study area, continued operation of the Project would likely result in no effect on the species.


[bookmark: _Toc395684569]Georgia Aster


Georgia aster is classified as a candidate for federal listing as threatened or endangered by the USFWS (2013b). Habitat for this species consists of dry, rocky woodlands, woodland borders, roadbanks, and powerline rights-of-way (Weakley 2012). It is thought to be a relict species of the post oak-savanna communities that existed in the southeast prior to fire suppression. 


Status in the Study Area


Although no site-specific occurrence data are available for the study area, Nelson (2006, 2007) found no Georgia aster on the adjacent V.C. Summer Nuclear Station but concluded that suitable habitat exists on the site. Georgia aster is also known from several locations on the nearby Sumter National Forest (USDA 2010).






Determination of Effect


Habitat for Georgia aster may exist within the Project study area; however, potential occurrences would be limited to terrestrial sites, which should not be affected by continued operation of the Project.


[bookmark: _Toc395684570]Rough-Leaf Loosestrife


Rough-leaved loosestrife generally occurs in the ecotones or edges between longleaf pine uplands and pond pine pocosins (areas of dense shrub and vine growth usually on a wet, peaty, poorly drained soil), on moist to seasonally saturated sands, and on shallow organic soils overlaying sand (NatureServe 2013). Rough-leaf loosestrife has also been found on deep peat in the low shrub community of large Carolina bays (shallow, elliptical, poorly drained depressions of unknown origin). The grass-shrub ecotone, where rough-leaf loosestrife is found, is fire-maintained, as are the adjacent plant communities (longleaf pine-scrub oak, savanna, flatwoods, and pocosin). Suppression of naturally occurring fire in these ecotones, results in shrubs increasing in density and height and expanding to eliminate the open edges required by this plant.


Status in the Study Area


The pine pocosin and Carolina bay environments required by this species do not occur in the Piedmont; therefore, rough-leaved loosestrife is extremely unlikely to occur in the study area.


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc395684571]Smooth Coneflower


Smooth coneflower is typically found in open woods, cedar barrens, roadsides, clearcuts, dry limestone bluffs, and power line rights-of-way, usually on magnesium and calcium rich soils associated with amphibolite, dolomite or limestone (in Virginia), gabbro (in North Carolina and Virginia), diabase (in North Carolina and South Carolina), and marble (in South Carolina and Georgia) (USFWS 2012a). Smooth coneflower occurs in plant communities that have been described as xeric hardpan forests, diabase glades, or dolomite woodlands. Optimal sites are 


characterized by abundant sunlight and little competition in the herbaceous layer. Natural fires, as well as large herbivores, historically influenced the vegetation in this species' range. Many of the herbs associated with smooth coneflower are also sun-loving species that depend on periodic disturbances to reduce the shade and competition of woody plants.


Status in the Study Area


The diabase glade habitat required by this species is not known to occur in areas around Monticello and Parr reservoirs or along the lower Broad River. Although no site-specific surveys have been performed, surveys by Nelson (2006, 2007) failed to document smooth coneflower on the adjacent V. C. Summer Nuclear Station project area and concluded that appropriate habitat for the species does not occur on the site. 


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc388620928][bookmark: _Toc395684572]State Listed Species


Three species that are state-listed as threatened or endangered are included on the SCDNR county-level listings for the three counties of interest (Table 42). Life history information and habitat requirements for these species, as well as their status within the study area and potential to be affected by continued operation of the Project, are summarized below.






[bookmark: _Ref390945780][bookmark: _Toc395684596]Table 42  	State-Listed Species Occurring in Richland, Fairfield, and Newberry Counties, South Carolina





			COMMON NAME


			SCIENTIFIC NAME


			FEDERAL STATUS


			STATE STATUS2


			COUNTIES





			Amphibians





			Pine Barrens tree frog


			Hyla andersonii


			


			T


			Richland





			Mammals





			Rafinesque's big-eared bat


			Corynorhinus rafinesquii


			


			E


			Richland





			Fish





			Carolina darter


			Etheostoma collis


			SC


			T


			Fairfield, Richland











 	Federal Status – E (listed as Endangered under ESA); T (listed as Threatened under ESA); C (Candidate for Federal listing); SC (Federal Species of Concern); P (Federally protected).





2	State Status – E (state listed as endangered); T (state listed as threatened)








[bookmark: _Toc395684573]Pine Barrens Tree Frog 


The pine barrens tree frog inhabits the swamps, bogs, and acidic brownwater streams of the New Jersey Pine Barrens, as well as the pocosins (shrub bogs) of the Carolinas (Conant and Collins 1991). This species is intolerant of closed-canopy conditions and is restricted to localized wetlands such as hillside seepage bogs within dry uplands, pine barrens, and headwater swamps and disperses along drainages within these areas (NatureServe 2013). Non-breeding habitat generally is in pine-oak areas adjacent to breeding habitat. Important egg-laying and larval habitats include open cedar swamps and sphagnaceous, shrubby, acidic, seepage bogs on hillsides below pine-oak ridges.


For southeastern populations, typical habitats are characterized by the topography, soils, and vegetation of the Carolina Sandhills, with pocosin or evergreen shrub swamps established along seeps and small streams within the surrounding longleaf pine-oak forest. Breeding habitat in South Carolina has been described as low vegetation with dense growth of Sphagnum mosses. Cely and Sorrow (1983) found that occurrences in South Carolina appeared to be restricted to the Fall Line Sandhills at elevations ranging between 61 and 122 m.






Status in Study Area


The area surrounding the Project lacks the Carolina sandhills habitat and associated bogs and pocosins required by this species; therefore it is extremely unlikely that Pine Barren tree frog would occur in the study area.


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc395684574]Rafinesque’s Big-eared Bat 


Rafinesque’s big-eared bat is a colonial bat species native to the southeastern U.S. Two subspecies are recognized in South Carolina, Corynorhinus rafinesquii rafinesquii in the mountains and Corynorhinus rafinesquii macrotis along the Coastal Plain (Bunch et al. 2006). Rafinesque’s big-eared bat is nocturnal, feeding primarily on moths by echolocation. Coastal plain and sandhills populations of the species utilize I-beam and T-beam bridges for roosting. Roosting in mountainous regions of the state occurs in large hollow trees (typically large tulip poplars), abandoned buildings and mines, rock shelters, and caves. Habitat in the Blue Ridge Mountains includes rock outcrops, mesic and cove hardwood forests, forested bottomlands, bottomland agricultural fields, dry deciduous forests, pine woodlands, and forested riparian areas. Coastal zone and sandhills habitats include black gum stands, bald cypress swap forests, maritime forests, and mature hardwood and mixed forests (Bunch et al. 2006).


Status in the Study Area


The range of Rafinesque’s big-eared bat in South Carolina includes the coastal plain and sandhills regions and the extreme northwestern Blue Ridge, with the piedmont representing a gap in the species’ distribution (Bunch et al. 2006). As such, it is extremely unlikely that this species would occur in the study area.


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area and because it is a terrestrial species.


[bookmark: _Toc395684575]Carolina Darter


The Carolina darter exists only in the Piedmont region from south-central Virginia through North Carolina into north-central South Carolina (Hayes and Bettinger 2006); it is state-listed as threatened and a federal species of concern. It occurs in small to moderately sized streams in areas of low current velocity, typically in backwaters among submerged tree roots or under leaves, where it feeds primarily on Chironomid larvae and micro-crustaceans. Preferred substrates are usually characterized by mud, sand, and sometimes bedrock (Rohde et al. 2009).


Status in the Study Area


The Carolina darter has been collected at several locations in the lower Broad River, including one that appears to be a tributary to Parr Reservoir (Rohde et al. 2009). However, extensive sampling by SCE&G and SCDNR in both Parr and Monticello reservoirs and in the downstream reach have failed to document this species (Kleinschmidt 2013a), suggesting that it may not occur in the study area or occurs in extremely low numbers not detected by previous sampling.


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.





[bookmark: _Toc395684576]Selected South Carolina Conservation Priority Species


As previously noted, teneight species that are considered state conservation priority species were also added to the analysis based on consultation with SCDNR and USFWS staff (Table 43). Life history information and habitat requirements for these species, as well as their status within the Project Vicinity and potential to be affected by continued operation of the Project, are summarized below.






[bookmark: _Ref390933276][bookmark: _Toc395684597]Table 43  	Selected State Conservation Priority Species 


			Common Name


			Scientific Name


			State Priority Level1


			Federal Status2





			Newberry burrowing crayfish


			Distocambarus youngineri


			Highest


			ARS





			Robust redhorse


			Moxostoma robustum


			Highest


			ARS





			Piedmont darter


			Percina crassa


			High


			





			Seagreen darter


			Etheostoma thalassinum


			High


			





			Highfin carpsucker


			Carpiodes velifer


			Highest


			





			Quillback


			Carpiodes cyprinus


			High


			





			Santee chub


			Hybopsis zanema


			High


			





			Striped bass


			Morone saxatilis


			Moderate


			





			Yellow lampmussel


			Lampsilis cariosa


			Highest


			





			Roakoke slabshell


			Elliptio roanokensis


			High


			











1	Refers to conservation priority level as listed in SCDNR’s Comprehensive Wildlife Conservation Strategy (SCDNR 2006). 





2	ARS – At-Risk-Species. Refers to species that the USFWS has been petitioned to list and for which a positive 90-day finding has been issued (listing may be warranted), yet no Federal protections currently exist.





[bookmark: _Toc395684577]Newberry Burrowing Crayfish


The Newberry burrowing crayfish is a terrestrial crayfish of the genus Distocambarus and is endemic to South Carolina (Eversole and Welch 2006). Although knowledge of its habitat requirements is limited, Newberry burrowing crayfish has typically been found in poorly drained areas where the ground is saturated during the rainy season (November – March) (Eversole and Welch 2006; Hobbs and Carlson 1985). The species has been documented from a range of site types including low, moist woodlands, a machine-maintained powerline, and a manicured lawn. Sites are generally isolated from floodplains and streams, although some have been found in low moist areas near the headwaters of streams (colluvial valleys). Analyses performed by Welch and Eversole (2002) found a close association between occurrence of Newberry burrowing crayfish and the presence of a perched water-table, as well as presence of Chewacla, Worsham, Toccoa-Cartecay, Enon, and Sedgefield soil types (Eversole and Welch 2006).


Status in the Study Area


Currently, the Newberry burrowing crayfish is known from only 14 sites, all of which are located in Newberry County (Eversole and Welch 2006). The known range of the species encompasses portions of the Tyger, Enoree, Lower Broad, and Saluda River basins. Because this species is generally isolated from floodplains and streams, it is not expected to occur in the Project Area or in the downstream reach of the Broad River influenced by the Project. 


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc395684578]Robust Redhorse


The robust redhorse is a large, heavy-bodied sucker which was presumed extinct until being “rediscovered” during the initial stages of relicensing at Georgia Power’s Sinclair Hydroelectric Project (FERC No. 1951). Fisheries scientists knew little about its life history and habitat requirements. As a result, Georgia Power Company, along with state and federal resource agencies, other hydropower interests, and the Georgia Wildlife Federation, formed the Robust Redhorse Conservation Committee (RRCC) in 1995 to guide recovery efforts for the species in lieu of listing under the ESA. Subsequent research has produced valuable information about the robust redhorse and its habitat requirements. However, much research is still needed, as little is known about the habitat preferences of juvenile robust redhorse.


Based on recent studies, it appears that adult robust redhorse typically inhabit areas of the river where the current is moderately swift. Preferred habitat is riffle areas or in/near outside bends, where depths are greater and accumulations of logs and other woody debris are present (Evans 1997). Spawning typically occurs at water temperatures from 18 to 24° C, usually over gravel substrate in both deep and shallow water (Hendricks 1998).


Status in the Study Area


Robust redhorse have been documented in both Parr and Monticello reservoirs, as well as the downstream reach of the Broad River (Table 44). 	Comment by Hamstead, Byron A: They have also been documented utilizing the Columbia Fishway, and will have continued access to the downstream reach of Parr Dam.


Determination of Effect


Habitat for robust redhorse is potentially affected by project flow releases and will be assessed as part of the proposed Instream Flow Incremental Methodology (IFIM) Study.


[bookmark: _Toc395684579]Piedmont Darter 


The piedmont darter is one of two species in the genus Percina found in South Carolina (Hayes and Bettinger 2006). It is typically found in cool to warm moderately-sized streams and rivers, usually in riffles with gravel or rock substrates (Rohde et al. 2009). Though a riffle dweller, this darter does not seem to favor extremely strong currents.


Status in the Study Area


The piedmont darter has been documented in the reach of the Broad River downstream of Parr Shoals Dam within the study area (Table 44).


Determination of Effect


Habitat for piedmont darter is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


[bookmark: _Toc395684580]Seagreen Darter


The seagreen darter is restricted to the Santee River drainage of the Carolinas (Hayes and Bettinger 2006). This species inhabits lower elevation tributaries in the mountain regions and is also found over a broad area of the upper piedmont in the Carolinas. It is less frequently found below the fall line in tributaries of the Congaree River. The seagreen darter favors a habitat of rock, rubble or gravel riffles in large creeks and rivers with moderate to swift currents, but has adapted to wide variations in temperature and water clarity.


Status in the Study Area


The seagreen darter has been documented in the reach of the Broad River downstream of Parr Shoals Dam within the study area (Table 44).


Determination of Effect


Habitat for seagreen darter is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


[bookmark: _Toc395684581]Highfin Carpsucker


The highfin carpsucker is distributed throughout the Lake Michigan drainage and Mississippi River Basin from Pennsylvania south to Louisiana (Self and Bettinger 2006). It also occurs on the Atlantic Slope from the Cape Fear River to Savannah River drainages and Gulf Slope drainages from Choctawhatchee River, Alabama and Florida to the Pearl River, Louisiana and Mississippi. The Atlantic Slope and Gulf Slope populations likely differ at the species level from those of the Mississippi and Lake Michigan drainages. In South Carolina, the highfin carpsucker occurs in the Broad and Congaree rivers in the upper Santee River Basin and the Savannah River. Historically the highfin carpsucker also occurred in the Pee Dee River; however, that population may have since been extirpated. The highfin carpsucker inhabits rivers in areas with moderate or swift current over sand or a gravel substrate (Rohde et al. 2009).


Highfin carpsucker population size and trends are not well known (Self and Bettinger 2006). There appear to be healthy populations with recruitment in the Broad River, Congaree River, and Savannah River. Preservation of populations in the Santee River is extremely important to the global preservation of the species given declining populations in the Cape Fear River and Pee Dee River (Self and Bettinger 2006).


Status in the Study Area


This species has been documented in both Parr Reservoir and the reach of the Broad River downstream of the Project (Table 44). 


Determination of Effect


Habitat for highfin carpsucker is potentially affected by project flow releases and will be assessed as part of IFIM Study.


[bookmark: _Toc395684582]Quillback


The quillback is found in warm, low- to moderate-gradient reaches of most major rivers, including upper portions of associated reservoirs (Lamprecht and Bettinger 2006). Quillback occur over varied substrates in rivers, but seldom over mud. They tend to occupy calm water; however, quillback may shift to swifter and deeper depths during low water. Quillback reportedly spawn in riffles, calm stream reaches and in floodplain bayous, laying eggs on gravel, sand, mud and organic matter. Quillback feed on insect larvae and other benthic organisms.


The quillback is distributed from the Great Lakes region in the St. Lawrence River, Hudson Bay and Mississippi River basins from Quebec to Alberta, Canada; south to Louisiana and west to Wyoming in the United States (Lamprecht and Bettinger 2006). It also occurs on the Atlantic slope from the Delaware River, New York, to the Altamaha River, Georgia. In gulf slope drainages, it occurs from the Apalachicola River in Florida and Georgia to the Pearl River in Louisiana. The southern Atlantic slope populations in South Carolina are reported in the upper portions of the three major South Carolina drainages: the Pee Dee, Santee, and Savannah. Fish from these populations are likely distinct from those of the interior basin and gulf slope drainages (Lamprecht and Bettinger 2006).


Status in the Study Area


Quillbacks have been documented in both Parr and Monticello reservoirs, as well as the downstream reach of the Broad River (Table 44). 


Determination of Effect


Habitat for quillback is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


[bookmark: _Toc395684583]Santee Chub 


The Santee chub is restricted to the Santee River drainage within South Carolina, primarily in the piedmont and Blue Ridge foothills (Hayes and Bettinger 2006). A few populations of Santee chub found in the coastal plain represent an undescribed species known as the “thinlip” chub. Outside of South Carolina, “thinlip” chub is also found in the Cape Fear River drainage of North Carolina. The Santee chub inhabits small to medium sized streams with sand and rocky runs or current-swept pools. This species seems to be able to tolerate more turbid and warm waters than its close relative, the big-eye chub, Hybopsis amblops.


Status in the Study Area


Santee chub has been documented in the reach of the Broad River downstream of Parr Shoals Dam within the study area (Table 44).


Determination of Effect


Habitat for Santee chub is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


[bookmark: _Toc395684584]Striped Bass


Striped bass inhabit medium to large rivers; they are also found in impoundments, where they have been introduced, but are often unable to complete their life cycle (Sessions et al. 2006). They prefer to occupy areas with clean sandy bottoms, fine gravel and rock. Adult striped bass have a thermal tolerance of 6 to 27° C, but seek temperatures between 18 to 25°C when available. During spawning, striped bass occupy shallow rocky and gravely areas with strong turbulent water flow. Striped bass eggs are semibouyant; they drift and sink slowly requiring moderate current to keep the eggs from settling to the bottom and dying before they are hatched in one to three days. Optimum water temperatures for successful striped bass egg hatching and survival is 17 to 18°C (Sessions et al. 2006).	Comment by Hamstead, Byron A: It is relevant to mention here that the fish is anadromous, spawning occurs in freshwater, and adults naturally reside in saltwater. 



Status in the Study Area


Striped bass have been recently documented in the reach of the Broad River downstream of Parr Shoals Dam within the study area (Table 44).	Comment by Hamstead, Byron A: The fishway at Columbia may also facilitate the continued presence of striped bass in the reaches downstream of the Parr Dam  


Determination of Effect


[bookmark: _Ref388451078]Habitat for striped bass is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


 


[bookmark: _Ref390931068][bookmark: _Toc395684598]Table 44	Documented Occurrence of Selected State Conservation Priority Fish Species in Monticello Reservoir, Parr Reservoir and the Downstream Reach of the Broad River (Source: Normandeau 2007, 2008, 2009; SCANA 2013; Bettinger et al. 2003; Kleinschmidt 2013a)





			Common Name


			Scientific Name


			Parr


			Monticello


			Broad River





			Robust redhorse


			Moxostoma robustum


			x


			x


			x





			Piedmont darter


			Percina crassa


			


			


			x





			Seagreen darter


			Etheostoma thalassinum


			


			


			x





			Highfin carpsucker


			Carpiodes velifer


			x


			


			





			Quillback


			Carpiodes cyprinus


			x


			x


			x





			Santee chub


			Hybopsis zanema


			


			


			x





			Striped bass


			Morone saxatilis


			


			


			x











[bookmark: _Toc395684585]Yellow Lampmussel


The yellow lampmussel is a freshwater species that is found primarily in medium to large rivers and streams.  Preferred habitat includes a variety of substrates such as silt or sand, gravel bars, and in the bedrock cracks of both large and small rivers and streams (Price 2006b).  The range of this species extends from the Ogeechee River in Georgia to Nova Scotia, with distribution in South Carolina spanning the Savannah, Broad, Wateree, Congaree, and Pee Dee River basins (Bogan and Alderman 2008, Price et al. 2009, Kleinschmidt 2013b).  





Gravid yellow lampmussels observed in the Congaree River in 2007, were reported to release their glochidia between June and July (Price et al. 2009). These animals are long-term brooders that attract piscivorous hosts with mantle lure display.  Broad River host trials indicate that Moronids like striped bass and white bass are likely natural hosts for yellow lampmussel, though Centrarchids may also be viable hosts (Price et al. 2009). 





Status in the Study Area





In 2007, 60 sites were surveyed for mussels on the Broad and Congaree rivers from Cayce on the Congaree to 5 river miles south of the North Carolina border on the Broad. Six sites were surveyed between Parr Dam and Columbia Dam, and seven sites were sampled in the Parr Reservoir.  However, only nine individuals were collected from three sites located 2-3 river miles downstream of the confluence of the Broad and Saluda rivers (Price et al. 2009).  Alderman (2006) documented similar numbers of yellow lampmussels from the upper Congaree River, with 3 live individuals documented at five sites between the Broad/Saluda confluence and the Cayce Boat Landing.  





In 2012, 13 sites just downstream from the Parr Shoals Dam were surveyed on the northeast side of Hampton Island (Alderman and Aldermanet al. 2012).  This survey reported two sites where yellow lampmussel was present (CPUE ranging from 0.5-0.57 mussels/surveyor-hour).  This location represents the uppermost extent of yellow lampmussel’s known range in the Broad River.    





Determination of Effect


Yellow lampmussel occupying the Broad River directly downstream of the Parr Shoals powerhouse are potentially affected by a range of factors typically associated with hydropower tailwaters.  These include increased shear stresses from turbine releases, potential water quality changes associated with reservoir releases, and habitat changes associated with periodic curtailments of flow.  However, Alderman and Alderman (2012) reported that the mussel assemblage directly downstream of the Parr Shoals Dam (the only site within the study area where yellow lampmussel has been reported) represents the highest freshwater mussel diversity recorded in the Broad River Sub-basin in North and South Carolina upriver from the Columbia Hydro Dam. Densities of this species are relatively low at this location, but it appears that the Project has limited impacts (or no negative effects) on those populations within the study area.  	Comment by Hamstead, Byron A: I am not sure I can agree with this. I do not think you have presented enough information to support this conclusion.  To reiterate my comment above, I think that the dam may be playing a major role in limiting the upward distribution of the species via impediment to infested host fishes.





[bookmark: _Toc395684586]Roanoke Slabshell


The Roanoke slabshell is found in large rivers, but can occasionally be found in small creeks.


The Roanoke slabshell is able to tolerate large variations in flow levels and higher water temperatures, making it able to survive in some locations near dams and hydroelectric plants. It has experienced large die offs when the plants generate extremely low flows and cause levels of oxygen to drop (Price 2006).





The host fish for this species are still somewhat speculative, but it is thought that it parasitizes a diadromous fish host. Moreover, host studies conducted for Roanoke slabshell only showed successful transformation on blueback herring (most successful), gizzard shad, and white perch although a suite of taxa (ictalurids, cyprinids, centrarchids, catastomids, and anguillids) were considered (Price et al. 2009).     





Status in the Study Area


In 2007, 60 sites were surveyed for mussels on the Broad and Congaree rivers from Cayce to 5 river miles south of the North Carolina border. Six sites were surveyed between Parr Shoals Dam and Columbia Dam seven in Parr Reservoir, and 13 sites below the Columbia Dam near the confluence of the Broad and Saluda rivers.  Of these 60 sites, Roanoke slabshell was restricted to 194 live individuals from eight sites below the Columbia Dam (CPUE ranging from 1-62 mussels/surveyor-hour) and one individual from one site in Cherokee County, SC (Price et al. 2009).  





In 2012, 13 sites just downstream from the Parr Shoals Dam were surveyed on the northeast side of Hampton Island (Alderman and Alderman 2012b). This survey reported nine sites where Roanoke slabshell were present (CPUE ranging from 4-18 mussels/surveyor-hour), representing the healthiest, upper-most, extent of its presently known range in the Broad River (Alderman 2009).





Determination of Effect


Roanoke slabshell occupying the Broad River directly downstream of the Parr Shoals powerhouse are potentially affected by a range of factors typically associated with hydropower tailwaters. These include increased shear stresses from turbine releases, potential water quality changes associated with reservoir releases, and habitat changes associated with periodic curtailments of flow.  However, Alderman (2012) found that the mussel assemblage located directly below the Parr Shoals Dam (the only site within the study area where Roanoke slabshell have been reported) represents the highest freshwater mussel diversity recorded in the Broad River Sub-basin in North and South Carolina upriver from the Columbia Hydro Dam. In addition, juvenile Roanoke slabshell were documented during the survey, suggesting that reproduction and recruitment are occurring in the tailrace area.  From this information, it appears that the Project has limited impacts (or no negative effects) on those existing populations within the study area.  	Comment by Hamstead, Byron A: My two comments above apply to this species as well.












[bookmark: _Toc395684587]Summary


[bookmark: _GoBack]Of the 13 state- and federally-listed and candidate species, habitat requirements and known occurrence data suggest that only the bald eagle likely occurs in the study area with any regularity. Wood storks may periodically utilize portions of the study area of seasonal foraging (primarily by post-dispersal migrants during the summer months); however, this usage is expected to be sporadic and ephemeral. Habitat for Georgia aster has been noted on the adjacent V.C. Summer Nuclear Station site and on nearby U.S. Forest Service lands, suggesting that habitat may also exist within the Project study area. Potential occurrences of Georgia aster would be limited to terrestrial sites, which would not be affected by continued operation of the Project. Finally, several fish species that are not state- or federally-listed, but are classified as priority conservation species have been documented from the study area. Habitat requirements for these species will be assessed as part of the proposed IFIM study. Information from this study will be considered in developing Protection, Mitigation, and Enhancement measures.
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From: Shane Boring
To: Hamstead, Byron
Cc: Henry Mealing; BARGENTIERI@scana.com; Kelly Miller
Subject: Final Parr/FF Rare, Threatened and Endangered Species Assessment
Date: Wednesday, September 24, 2014 4:15:20 PM
Attachments: 20140924_Parr RTE Desktop Assessment.docx


USFWS comment responses 9-18-2014- revised.doc


Byron,
 
Thanks for your comments on the revised RT&E report; they were very constructive.  We have
addressed the majority of your comments, which you will find in track changes in the attached final
version of the report.  There were a few comments that we did not agree with for inclusion in the
final report, but we believe needed further clarification with you specifically.  For those items, we
prepared and attached a separate document with our rationale on these items.  When we file the
RTE report in the Final License Application, we will include your official comments and
correspondence as part of the report.
 
Thanks again for your continued commitment to the relicensing process.   
 
 
C. Shane Boring
Environmental Scientist


Office: 803.462.5625
www.KleinschmidtGroup.com
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[bookmark: _Toc398806749]Introduction


The Parr Hydroelectric Project (Project) (FERC No. 1894) is located along the Broad River in Newberry and Fairfield counties, South Carolina and is owned and operated by South Carolina Electric & Gas Company (SCE&G). The Project consists of two developments, including the Parr Shoals Development and the Fairfield Pumped Storage Development. The project location is depicted in Figure 21.


In preparation for relicensing, SCE&G consulted with local, state and Federal agencies and other interested stakeholders to identify potential impacts of project operations on natural resources. A Rare, Threatened and Endangered Species Technical Working Committee (“RT&E TWC” or “TWC”) was formed and is comprised of representatives from the United States Fish and Wildlife Service (USFWS), National Marine Fisheries Service (NMFS), South Carolina Department of Natural Resources (SCDNR), South Carolina Department of Health and Environmental Control (SCDHEC), non-governmental organizations (NGOs), SCANA/SCE&G and other interested individuals. In addition to several field surveys for selected species, the TWC agreed upon a literature-based assessment to summarize the status of federally and state listed rare, threatened and endangered species (RT&E) occurring in the Parr Hydroelectric Project vicinity. As outlined in the RT&E Species Study Plan (Appendix A), the objective of this assessment was to identify those species potentially occurring in the Project vicinity, which includes habitats within the Project Boundary and in the downstream reach of the Broad River that is influenced by the Project (Richland County), based on review of occurrence data and habitat requirements. It should be noted that site-specific surveys are being conducted for several species of conservation concern (Table 11), and as such, these species are not included in this assessment.
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[bookmark: _Ref388450199][bookmark: _Toc388446469][bookmark: _Toc398806786]Table 11	Species of Conservation Concern Addressed by Site-Specific Studies


			Common Name


			Scientific Name


			Federal Status1


			State Status


			CWCS2 Priority Level


			Study Plan





			Rocky Shoals Spider Lily


			Hymenocallis coronaria


			


			rare


			n/a


			Rocky Shoals Spider Lily Study Plan





			American Eel


			Anguilla rostrata


			ARS


			


			Highest


			American Eel Study Plan





			Little River (Broad River spiny) Crayfish


			Cambarus spicatus


			ARS


			


			High


			Broad River Spiny Crayfish Study Plan











1	ARS – At-Risk-Species, Refers to species that the USFWS has been petitioned to list and for which a positive 90-day finding has been issued (listing may be warranted), yet no Federal protections currently exist.


2 	Refers to conservation priority level as listed in SCDNR’s Comprehensive Wildlife Conservation Strategy (SCDNR 2006).









[bookmark: _Toc398806750]Consultation History


During initial consultation, the USFWS provided county-level listings of RT&E species occurring in the two county regions surrounding the Project (Fairfield and Newberry counties; Appendix B). At the May 16, 2013 RT&E TWC meeting, the TWC discussed several species that should be addressed during relicensing (meeting notes are in Appendix C). SCDNR requested that the TWC add eight species to this analysis that are not state or federally-listed, but are considered state conservation priority species (Table 43). Based on a review of the initial  draft of this report, two additional mussel species that are not state or federally listed but are state conservation priority species (yellow lampmussel and Roanoke slabshell) were also added to this analysis (Table 4-3).  The TWC agreed that SCE&G would conduct a literature-based review to determine habitat requirements for each of these species and compare those requirements with typical habitat types known to occur in the study area for this report.


The RT&E TWC met again on October 22, 2013 to discuss the Rare, Threatened and Endangered Species Desktop Assessment Study Plan (study plan in Appendix A; meeting notes in Appendix C). At this meeting, the TWC agreed to extend the study area to include areas of the Broad River downstream of the Project Boundary. More specifically, it was agreed that the  study area would include habitats within the Project Boundary (Project Area) (Figure 21), as well as the reach of the Broad River from Parr Shoals Dam through Frost Shoals, near Boatwrights Island (Figure 2-2). This area encompasses three counties in South Carolina: Newberry, Fairfield and Richland counties.


[image: J:\455\076\GIS\Parr Project Boundary.jpg]


[bookmark: _Ref390699411][bookmark: _Toc390855755][bookmark: _Toc395684612]Figure 21	Parr Hydroelectric Project Location Map






[bookmark: _Ref388620197][bookmark: _Toc390855756][image: J:\455\088\Docs\Parr RTE Study.jpg]


[bookmark: _Toc395684613]Figure 22	Downstream  RT&E Study Area





[bookmark: _Toc398806751]Methodology


As an initial step, the USFWS county-level listings for Newberry, Fairfield and Richland counties were reviewed to identify species potentially occurring in the study area that are federally listed as threatened or endangered under the US Endangered Species Act of 1972 (ESA), or are candidates for such listing. Similarly, SCDNR county-level listings for the three counties were also reviewed to identify species that are state listed under the South Carolina Nongame and Endangered Species Conservation Act of 1974. Bald eagle, which was removed from the federal endangered species list in 2007, was included in the assessment because of its continued protection under the Bald and Golden Eagle Protection Act of 1938. As previously noted, ten species that are considered priority species in the SCDNR’s Comprehensive Wildlife Conservation Strategy (SCDNR 2006), and are documented as occurring in the three counties of interest, were also added to the analysis (Table 43). Known ranges, life history and habitat requirements for each of these species were then summarized and compared to conditions occurring in the study area to determine the potential for occurrence and to identify potential project effects.





[bookmark: _Ref387397248]



[bookmark: _Toc398806752][bookmark: _Toc388620926]Species Descriptions and Analysis 


[bookmark: _Toc388620927][bookmark: _Toc398806753]Federally Listed Species


Ten species that are federally listed as threatened or endangered, or are candidates for such listing, are included on the USFWS county-level listings for the three counties of interest (Table 41). None of the federally listed species on Table 41 have critical habitat designated in the study area. Life history information and habitat requirements for these species, as well as their status within the study area and potential to be affected by continued operation of the Project, are summarized below.


[bookmark: _Ref390699898][bookmark: _Toc398806787]Table 41	Federally Listed and Candidate Species Occurring in Richland, Fairfield, and Newberry Counties, South Carolina (Source: USFWS 2013a)





			COMMON NAME


			SCIENTIFIC NAME


			FEDERAL STATUS1   


			STATE STATUS2


			COUNTIES





			Birds





			Bald eagle


			Haliaeetus leucocephalus


			P


			T


			Newberry, Fairfield, Richland





			Red-cockaded woodpecker


			Picoides borealis


			E


			E


			Richland





			Wood stork


			Mycteria americana


			E


			E


			Newberry, Richland





			Fish





			Atlantic sturgeon


			Acipenser oxyrinchus oxyrinchus


			E


			E


			Richland





			Shortnose sturgeon


			Acipenser brevirostrum


			E


			E


			Richland





			Invertebrates





			Carolina heelsplitter


			Lasmigona decorata


			E


			


			Newberry, Fairfield, Richland





			Plants





			Canby's dropwort


			Oxypolis canbyi


			E


			


			Richland





			Georgia aster


			Symphyotrichum georgianus


			C


			


			Fairfield, Richland





			Rough-leaved loosestrife


			Lysimachia asperulaefolia


			E


			


			Richland





			Smooth coneflower


			Echinacea laevigata


			E


			 


			Richland











1 	Federal Status – E (listed as Endangered under ESA); T (listed as Threatened under ESA); C (Candidate for Federal listing); SC (Federal Species of Concern); P (Federally protected).





2 State Status – E (state listed as endangered); T (state listed as threatened)


[bookmark: _Toc398806754]Bald Eagle


The bald eagle was removed from the federal list of threatened species in 2007 (USFWS 2007a) but remains protected as a state endangered species under the South Carolina Nongame and Endangered Species Conservation Act, and federally under the Bald and Golden Eagle Protection Act and Migratory Bird Treaty Act (16 U.S.C.668-668d) (72 FR 37345-37372). Bald eagles are found throughout North America, typically around water bodies, where they feed primarily on fish and carrion. Studies suggest that reservoirs, especially those associated with hydroelectric facilities, are particularly attractive to foraging bald eagles (Brown 1996). Eagles nest in large trees near water and typically repair and use the same nest for several years, (Degraaf and Rudis 1986). In South Carolina, the distribution of eagle nesting has expanded from the coast to encompass more inland areas. This expansion has been attributed to the construction of approximately 491,000 acres of large reservoirs in the state since the early 1900s (Wilde et al. 2003). In South Carolina, the number of estimated nesting pairs has increased from 13 in 1977 to 181 in 2003 (Wilde et al. 2003). 


Status in the Study Area


Bald eagles are commonly observed in the study area (SCE&G 2010), with Monticello and Parr reservoirs, as well as the lower Broad River, providing abundant foraging habitat. In addition, nine bald eagle nests are known to occur in the study area and the surrounding vicinity (SCE&G unpublished data) (Figure 41).


[image: ]














[bookmark: _Ref390934747][bookmark: _Toc395684614]Figure 41	Eagle Nest Locations in the Vicinity of the Parr Project





Determination of Effect


Continued operation of the Project is not likely to result in negative effects on eagle foraging or nesting. SCE&G tracks bald eagle nesting in the Project Area and utilizes this information to minimize potential impacts of various shoreline management activities on eagle nests. Specifically, SCE&G refrains from issuing shoreline permits for activities within 660 ft of an active nest during the nesting season (September through May) and 330 ft during the non-nesting season. This policy is in adherence to the USFWS habitat guidelines for nesting bald eagles (USFWS 2007b). SCE&G also frequently consults with USFWS Ecological Services staff regarding proposed activities in the vicinity of known nests.


[bookmark: _Toc398806755]Red-Cockaded Woodpecker


The red-cockaded woodpecker (RCW) is endemic to open, mature, and old growth pine ecosystems in the southeastern United States (USFWS 2003). Over 97% of the pre-colonial era RCW population has been eradicated, leaving only roughly 14,000 RCWs living in about 5,600 colonies scattered across eleven states, including South Carolina. RCW decline is generally attributed to a loss of suitable nesting and foraging habitats, including longleaf pine systems, due to logging, agriculture, fire suppression, and other factors (USFWS 2003). Suitable nesting habitat generally consists of open pine forests and savannahs with large, older pines and minimal hardwood midstory or overstory. Living trees, especially older trees that are susceptible to red-heart disease making them more easily excavated, provide the RCWs preferred nesting cavities. Suitable foraging habitat consists of open-canopy, mature pine forests with low densities of small pines, little midstory vegetation, limited hardwood overstory, and abundant bunchgrass and forb groundcover (USFWS 2003).


Status in the Study Area


There are no known reports of RCWs in areas surrounding the Project or along the lower Broad River. Further, there is no known longleaf pine savanna habitat in the study area.


Determination of Effect


Based on the lack of suitable habitat, it is very unlikely that this species occurs in the study area and thus would not be affected by continued operation of the Project.


[bookmark: _Toc398806756]Wood Stork


The wood stork is a large, colonial wading bird and is the only stork species that breeds in the United States (USFWS 1996). It was federally listed as endangered in 1984, primarily due to loss of wetland habitat throughout its range, but recently its status has been proposed for downlisting from endangered to threatened due to significant population recovery (USFWS 2012b). It uses a variety of wetlands for nesting, feeding, and roosting. Nesting colonies (rookeries) in South Carolina are typically surrounded by extensive palustrine forested wetlands. Nests are usually located in the upper branches of large black gum or cypress trees, and several nests are typically located in each tree. Like most wading birds, storks feed primarily on small fish. Shallow, open water is required for successful foraging, and depressions where fish become concentrated during periods of falling water levels are particularly attractive sites. Currently, nesting of the species in the United States is thought to be limited to the coastal plain of South Carolina, North Carolina, Georgia, and Florida (Murphy and Hand 2013), which is consistent with recent survey work that found no nesting on the adjacent Saluda Hydroelectric Project (Kleinschmidt 2005). 


Status in the Study Area


Periodic foraging of wood storks has been documented in the adjacent Saluda River Basin (Kleinschmidt 2005). Shallow backwaters in the study area, particularly in the upper reaches of the Parr Reservoir, may provide foraging habitat for transient wood storks. Although habitat is present, wood stork use of these areas has not been documented.


Determination of Effect


Project operations are expected to result in no effects on wood storks or their habitat. In fact, fluctuating water levels in Parr Reservoir could enhance foraging habitat by periodically trapping fish in shallow pool areas.


[bookmark: _Toc398806757]Atlantic Sturgeon


The Atlantic sturgeon is a large (up to 5.5m in length), long-lived (up to 60 years) anadromous species that was historically present in the Santee Basin at least as far inland as the fall line (Newcomb and Fuller 2001). The Carolina Distinct Population Segment of Atlantic sturgeon, which includes the Santee Basin population, is federally listed as endangered (77 FR 5914), primarily due to overharvesting for flesh and eggs (caviar) during the early to mid-20th Century, as well as habitat degradation and blockage of access to historical spawning grounds (NMFS1998a). 


The Atlantic sturgeon is considered estuarine anadromous, spending most of it life in estuarine and ocean environments and undertaking spawning migrations into riverine systems during late-winter and spring months (NMFS 1998a; Marcy et al. 2005). Spawning typically occurs over hard bottoms of clay, rubble, or gravel, with flowing water and temperatures of 14 - 24°C. After spawning, females typically return to estuarine environments within 4 to 6 weeks, while males may remain in the river through the fall. Juveniles of this species remain in the natal rivers for 3 to 5 years before migrating to the ocean (Marcy et al. 2005).


Status in the Study Area


Atlantic sturgeon were historically present at least as far inland as the fall line (Newcomb and Fuller 2001). Current upstream distribution in the Santee Basin is thought to be limited by the lack of passage for Atlantic sturgeon at the Santee Cooper Dams[footnoteRef:1]. This information indicates that this species does not occur in the Project study area.  [1:  Bill Post (SCDNR), personal communication, April 24, 2014. 	] 



Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc398806758]Shortnose Sturgeon


The shortnose sturgeon is federally listed as endangered and is thought to have occurred historically in the reach of the Broad River encompassed by the Project (Welch 2000, Newcomb and Fuller 2001). Shortnose sturgeon are amphidromous (semi-anadromous) spending portions of their life cycle in low salinity estuaries and portions in freshwater rivers (NMFS 1998b; Kynard 1997; Buckley and Kynard 1985). Shortnose sturgeon begin migrating to spawning areas of inland riverine reaches in the spring (typically mid-February through March in South Carolina) when water temperatures rise above 9 °C (Kynard 1997, Hall et al. 1991). Shortnose sturgeon spawning has been documented in the Congaree River near the City of Columbia over substrates of sand, gravel and rock, at temperatures ranging from 9.7-15.6°C, and dissolved oxygen concentrations of 10.6-12.5 mg/L (Collins et al. 2003).


Status in the Study Area


Population groups of shortnose sturgeon are known from downstream of the Santee-Cooper dams in the lower Santee and Cooper rivers (Collins et al. 2003). An additional dam-locked spawning population of shortnose sturgeon has been documented in the Santee-Cooper lakes (with Lake Marion and its tributaries harboring the most significant number of fish) and upstream in the Congaree River. Radio-telemetry studies have documented migration of shortnose sturgeon as far upstream on the Congaree as the Blossom Street Bridge adjacent to the City of Columbia (Finney et al. 2006).  However, consultation with SCDNR Diadromous Fish Program staff suggests that this occurrence was based on a small number of observations (2 fish) and that their radiotelemetry data suggest that shortnose sturgeon activity is primarily limited to areas downstream of Granby Lock and Dam[footnoteRef:2].  Granby Lock and Dam is located approximately one mile downstream of the Blossom Street Bridge and approximately 5 miles downstream of the Columbia Hydroelectric Project Fishway (fishway).  The fishway was designed to provide passage of blueback herring and American shad to historic spawning grounds in the Broad River downstream of Parr Shoals Dam and was intended to be “sturgeon friendly”.  Shortnose sturgeon have not been documented upstream of the Blossom Street Bridge in recent history, nor have any been documented passing into the study area through the fishway since annual monitoring began in 2007.  Radio-telemetry studies have documented migration of shortnose sturgeon as far upstream on the Congaree River as the Blossom Street Bridge adjacent to the City of Columbia and just downstream of the Columbia Hydropower Project and the confluence of the Broad and Saluda rivers (Finney et al. 2006); however, consultation with SCDNR staff indicates that this occurrence was related to one observation and that their radiotelemetry data suggest that shortnose sturgeon activity is primarily limited to areas downstream of Granby Lock and Dam[footnoteRef:3], an abandoned lock and dam located on the Congaree approximately 28 miles downstream of the Parr Project.  [2:  Bill Post (SCDNR), personal communication, April 24, 2014.]  [3: ] 



Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc398806759]Carolina Heelsplitter


The Carolina heelsplitter is the only South Carolina freshwater mussel currently listed as federally endangered (Price 2006). Although it was once found in large rivers and streams, the Carolina heelsplitter is now restricted to cool, clean, shallow, heavily shaded streams of moderate gradient. Stable streambanks and channels, with pool, riffle and run sequences, little or no fine sediment, and periodic natural flooding, appear to be required for the Carolina heelsplitter.


Status in the Study Area


Carolina heelsplitter is known to occur in isolated populations distributed in the Savannah, Pee Dee, and Catawba drainages and is not known to occur in the Broad River Basin (Price 2006) or within the study area.


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc398806760]Canby’s Dropwort


Canby’s dropwort is a perennial plant that grows in coastal plain habitats including wet meadows, wet pineland savannas, ditches, sloughs, and around the edges of cypress-pine ponds (USFWS 2010). The healthiest populations seem to occur in open bays or ponds, which are wet most of the year and have little or no canopy cover. Ideal soils for Canby's dropwort have a medium to high organic content and a high water table. They are also acidic, deep, and poorly drained.


Status in the Study Area


Canby’s dropwort is a coastal plain species and thus would not be expected to occur in the portion of Richland County occupied by the study area.  This assumption is consistent with result of surveys by Nelson (2006, 2007), which failed to document the species on the adjacent V.C. Summer Nuclear Station site.  No populations of Canby’s dropwort have been documented in the study area. The prime habitat for this species is coastal plain habitat and thus this species would not be expected to occur in the study area.	Comment by Hamstead, Byron A: Mention any surveys that have been conducted for it. Were any surveys or habitat evaluations conducted for VC Summer? 




Determination of Effect


Because Canby’s dropwort is not expected to occur in the study area, continued operation of the Project would likely result in no effect on the species.


[bookmark: _Toc398806761]Georgia Aster


Georgia aster is classified as a candidate for federal listing as threatened or endangered by the USFWS (2013b). Habitat for this species consists of dry, rocky woodlands, woodland borders, roadbanks, and powerline rights-of-way (Weakley 2012). It is thought to be a relict species of the post oak-savanna communities that existed in the southeast prior to fire suppression. 


Status in the Study Area


Although no site-specific occurrence data are available for the study area, Nelson (2006, 2007) found no Georgia aster on the adjacent V.C. Summer Nuclear Station but concluded that suitable habitat exists on the site. Georgia aster is also known from several locations on the nearby Sumter National Forest (USDA 2010).


Determination of Effect


Habitat for Georgia aster may exist within the Project study area; however, potential occurrences would be limited to terrestrial sites, which should not be affected by continued operation of the Project.


[bookmark: _Toc398806762]Rough-Leaf Loosestrife


Rough-leaved loosestrife generally occurs in the ecotones or edges between longleaf pine uplands and pond pine pocosins (areas of dense shrub and vine growth usually on a wet, peaty, poorly drained soil), on moist to seasonally saturated sands, and on shallow organic soils overlaying sand (NatureServe 2013). Rough-leaf loosestrife has also been found on deep peat in the low shrub community of large Carolina bays (shallow, elliptical, poorly drained depressions of unknown origin). The grass-shrub ecotone, where rough-leaf loosestrife is found, is fire-maintained, as are the adjacent plant communities (longleaf pine-scrub oak, savanna, flatwoods, and pocosin). Suppression of naturally occurring fire in these ecotones, results in shrubs increasing in density and height and expanding to eliminate the open edges required by this plant.


Status in the Study Area


The pine pocosin and Carolina bay environments required by this species do not occur in the Piedmont; therefore, rough-leaved loosestrife is extremely unlikely to occur in the study area.


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc398806763]Smooth Coneflower


Smooth coneflower is typically found in open woods, cedar barrens, roadsides, clearcuts, dry limestone bluffs, and power line rights-of-way, usually on magnesium and calcium rich soils associated with amphibolite, dolomite or limestone (in Virginia), gabbro (in North Carolina and Virginia), diabase (in North Carolina and South Carolina), and marble (in South Carolina and Georgia) (USFWS 2012a). Smooth coneflower occurs in plant communities that have been described as xeric hardpan forests, diabase glades, or dolomite woodlands. Optimal sites are 


characterized by abundant sunlight and little competition in the herbaceous layer. Natural fires, as well as large herbivores, historically influenced the vegetation in this species' range. Many of the herbs associated with smooth coneflower are also sun-loving species that depend on periodic disturbances to reduce the shade and competition of woody plants.


Status in the Study Area


The diabase glade habitat required by this species is not known to occur in areas around Monticello and Parr reservoirs or along the lower Broad River. Although no site-specific surveys have been performed, surveys by Nelson (2006, 2007) failed to document smooth coneflower on the adjacent V. C. Summer Nuclear Station project area and concluded that appropriate habitat for the species does not occur on the site. 


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc388620928][bookmark: _Toc398806764]State Listed Species


Three species that are state-listed as threatened or endangered are included on the SCDNR county-level listings for the three counties of interest (Table 42). Life history information and habitat requirements for these species, as well as their status within the study area and potential to be affected by continued operation of the Project, are summarized below.


[bookmark: _Ref390945780][bookmark: _Toc398806788]Table 42  	State-Listed Species Occurring in Richland, Fairfield, and Newberry Counties, South Carolina





			COMMON NAME


			SCIENTIFIC NAME


			FEDERAL STATUS


			STATE STATUS2


			COUNTIES





			Amphibians





			Pine Barrens tree frog


			Hyla andersonii


			


			T


			Richland





			Mammals





			Rafinesque's big-eared bat


			Corynorhinus rafinesquii


			


			E


			Richland





			Fish





			Carolina darter


			Etheostoma collis


			SC


			T


			Fairfield, Richland











 	Federal Status – E (listed as Endangered under ESA); T (listed as Threatened under ESA); C (Candidate for Federal listing); SC (Federal Species of Concern); P (Federally protected).





2	State Status – E (state listed as endangered); T (state listed as threatened)








[bookmark: _Toc398806765]Pine Barrens Tree Frog 


The pine barrens tree frog inhabits the swamps, bogs, and acidic brownwater streams of the New Jersey Pine Barrens, as well as the pocosins (shrub bogs) of the Carolinas (Conant and Collins 1991). This species is intolerant of closed-canopy conditions and is restricted to localized wetlands such as hillside seepage bogs within dry uplands, pine barrens, and headwater swamps and disperses along drainages within these areas (NatureServe 2013). Non-breeding habitat generally is in pine-oak areas adjacent to breeding habitat. Important egg-laying and larval habitats include open cedar swamps and sphagnaceous, shrubby, acidic, seepage bogs on hillsides below pine-oak ridges.


For southeastern populations, typical habitats are characterized by the topography, soils, and vegetation of the Carolina Sandhills, with pocosin or evergreen shrub swamps established along seeps and small streams within the surrounding longleaf pine-oak forest. Breeding habitat in South Carolina has been described as low vegetation with dense growth of Sphagnum mosses. Cely and Sorrow (1983) found that occurrences in South Carolina appeared to be restricted to the Fall Line Sandhills at elevations ranging between 61 and 122 m.


Status in Study Area


The area surrounding the Project lacks the Carolina sandhills habitat and associated bogs and pocosins required by this species; therefore it is extremely unlikely that Pine Barren tree frog would occur in the study area.


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc398806766]Rafinesque’s Big-eared Bat 


Rafinesque’s big-eared bat is a colonial bat species native to the southeastern U.S. Two subspecies are recognized in South Carolina, Corynorhinus rafinesquii rafinesquii in the mountains and Corynorhinus rafinesquii macrotis along the Coastal Plain (Bunch et al. 2006). Rafinesque’s big-eared bat is nocturnal, feeding primarily on moths by echolocation. Coastal plain and sandhills populations of the species utilize I-beam and T-beam bridges for roosting. Roosting in mountainous regions of the state occurs in large hollow trees (typically large tulip poplars), abandoned buildings and mines, rock shelters, and caves. Habitat in the Blue Ridge Mountains includes rock outcrops, mesic and cove hardwood forests, forested bottomlands, bottomland agricultural fields, dry deciduous forests, pine woodlands, and forested riparian areas. Coastal zone and sandhills habitats include black gum stands, bald cypress swap forests, maritime forests, and mature hardwood and mixed forests (Bunch et al. 2006).


Status in the Study Area


The range of Rafinesque’s big-eared bat in South Carolina includes the coastal plain and sandhills regions and the extreme northwestern Blue Ridge, with the piedmont representing a gap in the species’ distribution (Bunch et al. 2006). As such, it is extremely unlikely that this species would occur in the study area.


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area and because it is a terrestrial species.


[bookmark: _Toc398806767]Carolina Darter


The Carolina darter exists only in the Piedmont region from south-central Virginia through North Carolina into north-central South Carolina (Hayes and Bettinger 2006); it is state-listed as threatened and a federal species of concern. It occurs in small to moderately sized streams in areas of low current velocity, typically in backwaters among submerged tree roots or under leaves, where it feeds primarily on Chironomid larvae and micro-crustaceans. Preferred substrates are usually characterized by mud, sand, and sometimes bedrock (Rohde et al. 2009).


Status in the Study Area


The Carolina darter has been collected at several locations in the lower Broad River, including one that appears to be a tributary to Parr Reservoir (Rohde et al. 2009). However, extensive sampling by SCE&G and SCDNR in both Parr and Monticello reservoirs and in the downstream reach have failed to document this species (Kleinschmidt 2013a), suggesting that it may not occur in the study area or occurs in extremely low numbers not detected by previous sampling.


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc398806768]Selected South Carolina Conservation Priority Species


As previously noted, ten species that are considered state conservation priority species were also added to the analysis based on consultation with SCDNR and USFWS staff (Table 43). Life history information and habitat requirements for these species, as well as their status within the Project Vicinity and potential to be affected by continued operation of the Project, are summarized below.


[bookmark: _Ref390933276][bookmark: _Toc398806789]Table 43	Selected State Conservation Priority Species 


			Common Name


			Scientific Name


			State Priority Level1


			Federal Status2





			Newberry burrowing crayfish


			Distocambarus youngineri


			Highest


			ARS





			Robust redhorse


			Moxostoma robustum


			Highest


			ARS





			Piedmont darter


			Percina crassa


			High


			





			Seagreen darter


			Etheostoma thalassinum


			High


			





			Highfin carpsucker


			Carpiodes velifer


			Highest


			





			Quillback


			Carpiodes cyprinus


			High


			





			Santee chub


			Hybopsis zanema


			High


			





			Striped bass


			Morone saxatilis


			Moderate


			





			Yellow lampmussel


			Lampsilis cariosa


			Highest


			





			Roakoke slabshell


			Elliptio roanokensis


			High


			











1	Refers to conservation priority level as listed in SCDNR’s Comprehensive Wildlife Conservation Strategy (SCDNR 2006). 





2	ARS – At-Risk-Species. Refers to species that the USFWS has been petitioned to list and for which a positive 90-day finding has been issued (listing may be warranted), yet no Federal protections currently exist.





[bookmark: _Toc398806769]Newberry Burrowing Crayfish


The Newberry burrowing crayfish is a terrestrial crayfish of the genus Distocambarus and is endemic to South Carolina (Eversole and Welch 2006). Although knowledge of its habitat requirements is limited, Newberry burrowing crayfish has typically been found in poorly drained areas where the ground is saturated during the rainy season (November – March) (Eversole and Welch 2006; Hobbs and Carlson 1985). The species has been documented from a range of site types including low, moist woodlands, a machine-maintained powerline, and a manicured lawn. Sites are generally isolated from floodplains and streams, although some have been found in low moist areas near the headwaters of streams (colluvial valleys). Analyses performed by Welch and Eversole (2002) found a close association between occurrence of Newberry burrowing crayfish and the presence of a perched water-table, as well as presence of Chewacla, Worsham, Toccoa-Cartecay, Enon, and Sedgefield soil types (Eversole and Welch 2006).


Status in the Study Area


Currently, the Newberry burrowing crayfish is known from only 14 sites, all of which are located in Newberry County (Eversole and Welch 2006). The known range of the species encompasses portions of the Tyger, Enoree, Lower Broad, and Saluda River basins. Because this species is generally isolated from floodplains and streams, it is not expected to occur in the Project Area or in the downstream reach of the Broad River influenced by the Project. 


Determination of Effect


Continued operation of the Project is expected to result in no effect on this species due to a likely lack of occurrence in the study area.


[bookmark: _Toc398806770]Robust Redhorse


The robust redhorse is a large, heavy-bodied sucker which was presumed extinct until being “rediscovered” during the initial stages of relicensing at Georgia Power’s Sinclair Hydroelectric Project (FERC No. 1951). Fisheries scientists knew little about its life history and habitat requirements. As a result, Georgia Power Company, along with state and federal resource agencies, other hydropower interests, and the Georgia Wildlife Federation, formed the Robust Redhorse Conservation Committee (RRCC) in 1995 to guide recovery efforts for the species in lieu of listing under the ESA. Subsequent research has produced valuable information about the robust redhorse and its habitat requirements. However, much research is still needed, as little is known about the habitat preferences of juvenile robust redhorse.


Based on recent studies, it appears that adult robust redhorse typically inhabit areas of the river where the current is moderately swift. Preferred habitat is riffle areas or in/near outside bends, where depths are greater and accumulations of logs and other woody debris are present (Evans 1997). Spawning typically occurs at water temperatures from 18 to 24° C, usually over gravel substrate in both deep and shallow water (Hendricks 1998).


Status in the Study Area


At this time, wild populations of robust redhorse are not know to exist in the Broad River (Lamprecht and Scott 2013).  Stocking of fingerlings began in 2004 at sites both above and below the Parr Shoals Dam (Lamprecht and Scott 2013), and rRobust redhorse have since been documented in both Parr and Monticello reservoirs, as well as the reach of the Broad River downstream of Parr Shoals Damdownstream reach of the Broad River (Table 44).  In addition, robust redhorse use of the fishway at the Columbia Hydroelectric Project has been documented (Kleinschmidt 2009, 2010, 2012, 2013, 2014), suggested that robust redhorse from the Congaree and potentially other areas of the lower Santee Basin are utilizing habitat in the reach of the Broad downstream of Parr Shoals Dam during the spawning season.    	Comment by Hamstead, Byron A: They have also been documented utilizing the Columbia Fishway, and will have continued access to the downstream reach of Parr Dam.




Determination of Effect


Habitat for robust redhorse is potentially affected by project flow releases and will be assessed as part of the proposed Instream Flow Incremental Methodology (IFIM) Study.


[bookmark: _Toc398806771]Piedmont Darter 


The piedmont darter is one of two species in the genus Percina found in South Carolina (Hayes and Bettinger 2006). It is typically found in cool to warm moderately-sized streams and rivers, usually in riffles with gravel or rock substrates (Rohde et al. 2009). Though a riffle dweller, this darter does not seem to favor extremely strong currents.


Status in the Study Area


The piedmont darter has been documented in the reach of the Broad River downstream of Parr Shoals Dam within the study area (Table 44).


Determination of Effect


Habitat for piedmont darter is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


[bookmark: _Toc398806772]Seagreen Darter


The seagreen darter is restricted to the Santee River drainage of the Carolinas (Hayes and Bettinger 2006). This species inhabits lower elevation tributaries in the mountain regions and is also found over a broad area of the upper piedmont in the Carolinas. It is less frequently found below the fall line in tributaries of the Congaree River. The seagreen darter favors a habitat of rock, rubble or gravel riffles in large creeks and rivers with moderate to swift currents, but has adapted to wide variations in temperature and water clarity.


Status in the Study Area


The seagreen darter has been documented in the reach of the Broad River downstream of Parr Shoals Dam within the study area (Table 44).


Determination of Effect


Habitat for seagreen darter is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


[bookmark: _Toc398806773]Highfin Carpsucker


The highfin carpsucker is distributed throughout the Lake Michigan drainage and Mississippi River Basin from Pennsylvania south to Louisiana (Self and Bettinger 2006). It also occurs on the Atlantic Slope from the Cape Fear River to Savannah River drainages and Gulf Slope drainages from Choctawhatchee River, Alabama and Florida to the Pearl River, Louisiana and Mississippi. The Atlantic Slope and Gulf Slope populations likely differ at the species level from those of the Mississippi and Lake Michigan drainages. In South Carolina, the highfin carpsucker occurs in the Broad and Congaree rivers in the upper Santee River Basin and the Savannah River. Historically the highfin carpsucker also occurred in the Pee Dee River; however, that population may have since been extirpated. The highfin carpsucker inhabits rivers in areas with moderate or swift current over sand or a gravel substrate (Rohde et al. 2009).


Highfin carpsucker population size and trends are not well known (Self and Bettinger 2006). There appear to be healthy populations with recruitment in the Broad River, Congaree River, and Savannah River. Preservation of populations in the Santee River is extremely important to the global preservation of the species given declining populations in the Cape Fear River and Pee Dee River (Self and Bettinger 2006).


Status in the Study Area


This species has been documented in both Parr Reservoir and the reach of the Broad River downstream of the Project (Table 44). 


Determination of Effect


Habitat for highfin carpsucker is potentially affected by project flow releases and will be assessed as part of IFIM Study.


[bookmark: _Toc398806774]Quillback


The quillback is found in warm, low- to moderate-gradient reaches of most major rivers, including upper portions of associated reservoirs (Lamprecht and Bettinger 2006). Quillback occur over varied substrates in rivers, but seldom over mud. They tend to occupy calm water; however, quillback may shift to swifter and deeper depths during low water. Quillback reportedly spawn in riffles, calm stream reaches and in floodplain bayous, laying eggs on gravel, sand, mud and organic matter. Quillback feed on insect larvae and other benthic organisms.


The quillback is distributed from the Great Lakes region in the St. Lawrence River, Hudson Bay and Mississippi River basins from Quebec to Alberta, Canada; south to Louisiana and west to Wyoming in the United States (Lamprecht and Bettinger 2006). It also occurs on the Atlantic slope from the Delaware River, New York, to the Altamaha River, Georgia. In gulf slope drainages, it occurs from the Apalachicola River in Florida and Georgia to the Pearl River in Louisiana. The southern Atlantic slope populations in South Carolina are reported in the upper portions of the three major South Carolina drainages: the Pee Dee, Santee, and Savannah. Fish from these populations are likely distinct from those of the interior basin and gulf slope drainages (Lamprecht and Bettinger 2006).


Status in the Study Area


Quillbacks have been documented in both Parr and Monticello reservoirs, as well as the downstream reach of the Broad River (Table 44). 


Determination of Effect


Habitat for quillback is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


[bookmark: _Toc398806775]Santee Chub 


The Santee chub is restricted to the Santee River drainage within South Carolina, primarily in the piedmont and Blue Ridge foothills (Hayes and Bettinger 2006). A few populations of Santee chub found in the coastal plain represent an undescribed species known as the “thinlip” chub. Outside of South Carolina, “thinlip” chub is also found in the Cape Fear River drainage of North Carolina. The Santee chub inhabits small to medium sized streams with sand and rocky runs or current-swept pools. This species seems to be able to tolerate more turbid and warm waters than its close relative, the big-eye chub, Hybopsis amblops.


Status in the Study Area


Santee chub has been documented in the reach of the Broad River downstream of Parr Shoals Dam within the study area (Table 44).


Determination of Effect


Habitat for Santee chub is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


[bookmark: _Toc398806776]Striped Bass


The sStriped bass is an anadromous species native to the Atlantic slope, with natural populations residing in saltwater and migrating to medium to large freshwater rivers annually to spawn.  It has been widely introduced or has remnant populations in impounded river systems, with some systems, including the Santee River Basin, supporting naturally-reproducing, damlocked populationsinhabit medium to large rivers; they are also found in impoundments, where they have been introduced, but are often unable to complete their life cycle (Sessions et al. 2006). In freshwater, tThey prefer to occupy areas with clean sandy bottoms, fine gravel and rock. Adult striped bass have a thermal tolerance of 6 to 27° C, but seek temperatures between 18 to 25°C when available. During spawning, striped bass occupy shallow rocky and gravely areas with strong turbulent water flow. Striped bass eggs are semibouyant; they drift and sink slowly requiring moderate current to keep the eggs from settling to the bottom and dying before they are hatched in one to three days. Optimum water temperatures for successful striped bass egg hatching and survival is 17 to 18°C (Sessions et al. 2006).	Comment by Hamstead, Byron A: It is relevant to mention here that the fish is anadromous, spawning occurs in freshwater, and adults naturally reside in saltwater.
 



Status in the Study Area


Striped bass are regularly observed passing through the Columbia Hydroelectric Project fishway into the reach of the Broad downstream of Parr Shoals Dam (Kleinschmidt 2009, 2010, 2011, 2012, 2013) and have been documented from the study area during electrofishing have been recently documented in the reach of the Broad River downstream of Parr Shoals Dam within the study area (Table 44).	Comment by Hamstead, Byron A: The fishway at Columbia may also facilitate the continued presence of striped bass in the reaches downstream of the Parr Dam  




Determination of Effect


[bookmark: _Ref388451078]Habitat for striped bass is potentially affected by project flow releases and will be assessed as part of the proposed IFIM Study.


 


[bookmark: _Ref390931068][bookmark: _Toc398806790]Table 44	Documented Occurrence of Selected State Conservation Priority Fish Species in Monticello Reservoir, Parr Reservoir and the Downstream Reach of the Broad River (Source: Normandeau 2007, 2008, 2009; SCANA 2013; Bettinger et al. 2003; Kleinschmidt 2013a)





			Common Name


			Scientific Name


			Parr


			Monticello


			Broad River





			Robust redhorse


			Moxostoma robustum


			x


			x


			x





			Piedmont darter


			Percina crassa


			


			


			x





			Seagreen darter


			Etheostoma thalassinum


			


			


			x





			Highfin carpsucker


			Carpiodes velifer


			x


			


			





			Quillback


			Carpiodes cyprinus


			x


			x


			x





			Santee chub


			Hybopsis zanema


			


			


			x





			Striped bass


			Morone saxatilis


			


			


			x











[bookmark: _Toc398806777]Yellow Lampmussel


The yellow lampmussel is a freshwater species that is found primarily in medium to large rivers and streams. Preferred habitat includes a variety of substrates such as silt or sand, gravel bars, and in the bedrock cracks of both large and small rivers and streams (Price 2006b).  The range of this species extends from the Ogeechee River in Georgia to Nova Scotia, with distribution in South Carolina spanning the Savannah, Broad, Wateree, Congaree, and Pee Dee River basins (Bogan and Alderman 2008, Price et al. 2009, Kleinschmidt 2013b).





Gravid yellow lampmussels observed in the Congaree River in 2007, were reported to release their glochidia between June and July (Price et al. 2009). These animals are long-term brooders that attract piscivorous hosts with mantle lure display.  Broad River host trials indicate that Moronids like striped bass and white bass are likely natural hosts for yellow lampmussel, though Centrarchids may also be viable hosts (Price et al. 2009). 






Status in the Study Area


In 2007, 60 sites were surveyed for mussels on the Broad and Congaree rivers from Cayce on the Congaree to 5 river miles south of the North Carolina border on the Broad. Six sites were surveyed between Parr Dam and Columbia Dam, and seven sites were sampled in the Parr Reservoir.  However, only nine individuals were collected from three sites located 2-3 river miles downstream of the confluence of the Broad and Saluda rivers (Price et al. 2009).  Alderman (2006) documented similar numbers of yellow lampmussels from the upper Congaree River, with 3 live individuals documented at five sites between the Broad/Saluda confluence and the Cayce Boat Landing.  


In 2012, 13 sites just downstream from the Parr Shoals Dam were surveyed on the northeast side of Hampton Island (Alderman and Alderman 2012).  This survey reported two sites where yellow lampmussel was present (CPUE ranging from 0.5-0.57 mussels/surveyor-hour).  This location represents the uppermost extent of yellow lampmussel’s known range in the Broad River.    


Determination of Effect


Yellow lampmussel occupying the Broad River directly downstream of the Parr Shoals powerhouse are potentially affected by a range of factors typically associated with hydropower tailwaters.  These include increased shear stresses from turbine releases, potential water quality changes associated with reservoir releases, and habitat changes associated with periodic curtailments of flow.  However, Alderman and Alderman (2012) reported that the mussel assemblage directly downstream of the Parr Shoals Dam (the only site within the study area where yellow lampmussel has been reported)  represents the highest freshwater mussel diversity recorded in the Broad River Sub-basin in North and South Carolina upriver from the Columbia Hydrelectric Project.  Further, the tailrace is the only location above the Columbia Hydroelectric Project where yellow lampmussel appears to have persisted.  Although densities of yellow lampmussel were low, the overall abundance and diversity of mussels observed suggests that the tailrace may actually be serving as a sanctuary for freshwater mussels.   Densities of this species are relatively low at this location, but it appears that the Project has limited impacts (or no negative effects) on those populations within the study area.  	Comment by Hamstead, Byron A: I am not sure I can agree with this. I do not think you have presented enough information to support this conclusion.  To reiterate my comment above, I think that the dam may be playing a major role in limiting the upward distribution of the species via impediment to infested host fishes.


[bookmark: _Toc398806778]Roanoke Slabshell


The Roanoke slabshell is found in large rivers, but can occasionally be found in small creeks.


The Roanoke slabshell is able to tolerate large variations in flow levels and higher water temperatures, making it able to survive in some locations near dams and hydroelectric plants. It has experienced large die offs when the plants generate extremely low flows and cause levels of oxygen to drop (Price 2006).


The host fish for this species are still somewhat speculative, but it is thought that it parasitizes a diadromous fish host. Moreover, host studies conducted for Roanoke slabshell only showed successful transformation on blueback herring (most successful), gizzard shad, and white perch although a suite of taxa (ictalurids, cyprinids, centrarchids, catastomids, and anguillids) were co


Status in the Study Area


In 2007, 60 sites were surveyed for mussels on the Broad and Congaree rivers from Cayce to 5 river miles south of the North Carolina border. Six sites were surveyed between Parr Shoals Dam and Columbia Dam seven in Parr Reservoir, and 13 sites below the Columbia Dam near the confluence of the Broad and Saluda rivers.  Of these 60 sites, Roanoke slabshell was restricted to 194 live individuals from eight sites below the Columbia Dam (CPUE ranging from 1-62 mussels/surveyor-hour) and one individual from one site in Cherokee County, SC (Price et al. 2009).  


In 2012, 13 sites just downstream from the Parr Shoals Dam were surveyed on the northeast side of Hampton Island (Alderman and Alderman 2012). This survey reported nine sites where Roanoke slabshell were present (CPUE ranging from 4-18 mussels/surveyor-hour), representing the healthiest, upper-most, extent of its presently known range in the Broad River (Alderman 2009).


Determination of Effect


As previously noted, Alderman and Alderman (2012) reported that the mussel assemblage found in the Parr tailrace represents the highest freshwater mussel diversity recorded in the Broad River Sub-basin in North and South Carolina upriver from the Columbia Hydrelectric Project.  Further, the tailrace was the only location upstream of Columbia Hydroelectric Project dam where Roanoke slabshell has been documented (Alderman and Alderman 2012, Price 2010).  Finally, juvenile Roanoke slabshell were documented by Alderman and Alderman (2012), suggesting that reproduction and recruitment are occurring in the tailrace area.  These data suggest that the project in unlikely to be resulting in any negative effects to the Roanoke slabshell population in the tailrace, but rather may be serving as a refuge for this and other mussel species.  	Comment by Hamstead, Byron A: My two comments above apply to this species as well.














[bookmark: _Toc398806779]Summary


[bookmark: _GoBack]Of the 13 state- and federally-listed and candidate species, habitat requirements and known occurrence data suggest that only the bald eagle likely occurs in the study area with any regularity. Wood storks may periodically utilize portions of the study area of seasonal foraging (primarily by post-dispersal migrants during the summer months); however, this usage is expected to be sporadic and ephemeral. Habitat for Georgia aster has been noted on the adjacent V.C. Summer Nuclear Station site and on nearby U.S. Forest Service lands, suggesting that habitat may also exist within the Project study area. Potential occurrences of Georgia aster would be limited to terrestrial sites, which would not be affected by continued operation of the Project. Finally, several fish species that are not state- or federally-listed, but are classified as priority conservation species have been documented from the study area. Habitat requirements for these species will be assessed as part of the proposed IFIM study. Information from this study will be considered in developing Protection, Mitigation, and Enhancement measures.
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Responses to the USFWS Comments on the Parr Hydroelectric Rare Threatened, and Endangered Final Report -






Introduction



The USFWS provided comments on the draft Rare, Threatened and Endangered Species (RT&E) Assessment via email on August 24, 2014.   To the extent practicable, those comments have been incorporated in the updated RT&E Assessment (see track changes in attached document).  For comments that SCE&G did not incorporate, we offer the following responses:  


From the RTE Report – Page 13 – [Wood Stork] Determination of Effect



Project operations are expected to result in no effects on wood storks or their habitat. In fact, fluctuating water levels in Parr Reservoir could enhance foraging habitat by periodically trapping fish in shallow pool areas.



USFWS Comment



Have the waterfowl management areas been surveyed for wood stork? How might management of these areas affect nesting/foraging birds that might occur in the area? 



SCE&G Response



Currently the waterfowl management areas have not been surveyed for wood storks.  Nesting of this species has not been document outside of the Coastal Plan, suggesting that any potential activity in the Project vicinity would be limited to sporadic use by non-nesting individuals.  This assumption is consistence with extensive aerial surveys conducted at the nearby Saluda Hydro Project.  The Saluda Hydro surveys documented periodic foraging by small numbers of storks  in ephemeral floodplain pools and wetlands along the Saluda River above Lake Murray, but no nesting.  Foraging was observed during the post-dispersal period during the late-summer months, when storks often move through inland areas to exploit ephemeral food sources.   Also of note is that the management areas referenced are managed by the South Carolina Department of Natural Resources (SCDNR), not SCE&G.


---------------------------------------



From the RTE Report – Page 14 – [Atlantic sturgeon] – Status in the Study Area



Atlantic sturgeon was historically present at least as far inland as the fall line (Newcomb and Fuller 2001). Current upstream distribution in the Santee Basin is thought to be limited by the lack of passage for Atlantic sturgeon at the Santee Cooper Dams. This information indicates that this species does not occur in the Project study area. 



USFWS Comment



 While information indicates that the species does not presently occur in the project area, it may be present within the term of the project’s new license as the agencies have established a goal of restoring diadromous fish populations and providing access to historic spawning/foraging habitats in the Santee River basin. Likewise, the effect of project operation may change within the term of the Project’s new license.



SCE&G Response



We agree that the Atlantic sturgeon (AS) is included as a target in the Santee Basin Restoration Plan, but our consultation with the SCDNR to date has indicated that AS are generally considered not present or present in very low numbers upstream of Santee Cooper Hydroelectric Project (See April 24, 2014 meeting notes from call with Bill Post). Further, it should be noted that two independent reviews of diadromous fish ranges have noted that historic accounts of sturgeon in the Broad River fail to differentiate between AS and shortnose sturgeon (SNS), leaving some doubt as to whether this species occurred in significant numbers historically upstream of the fall line in SC (Newcomb and Fuller, 2001; USFWS, SCDNR and NOAA – Fisheries, 2001). Though the presence of AS may be possible at some level and at some point during the project's new license, the future effects of project operations is limited at best. If AS were documented passing through the Columbia Hydroelectric Project Fishway and established a presence upstream of the Columbia Diversion Dam during the life of the new license, SCE&G would initiate consultation with the appropriate state and federal agencies. SCE&G is and will continue to consult with NOAA Fisheries – NMFS pursuant to that agency’s jurisdiction for this species.   


---------------------------------------



From the RTE Report – Page 29-30 –[Yellow Lampmussel] Determination of Effect 



Yellow lampmussel occupying the Broad River directly downstream of the Parr Shoals powerhouse are potentially affected by a range of factors typically associated with hydropower tailwaters.  These include increased shear stresses from turbine releases, potential water quality changes associated with reservoir releases, and habitat changes associated with periodic curtailments of flow.  



USFWS Comment



Impediment to upstream distribution of infested host fishes is a major factor potentially limiting the distribution of this species.



SCE&G Response


This Determination of effect utilizes the mussel populations as they presently exist as the environmental baseline, which is consistent with FERC relicensing guidelines.  


--------------------------------------



From the RTE Report – Page 29 – [Yellow Lampmussel] Determination of Effect



Densities of this species are relatively low at this location, but it appears that the Project has limited impacts (or no negative effects) on those populations within the study area.  



From the RTE Report – Page 30 –[Roanoke Slabshell]  Determination of Effect



From this information, it appears that the Project has limited impacts (or no negative effects) on those existing populations within the study area.  



USFWS Comment



I am not sure I can agree with this. I do not think you have presented enough information to support this conclusion.  To reiterate my comment above, I think that the dam may be playing a major role in limiting the upward distribution of the species via impediment to infested host fishes.



SCE&G Response



In our report we address existing populations of RT&E species within the study area.   Your comment is based on historic species distribution and pre-project conditions, which is not consistent with FERC relicensing guidelines. 






From: Hamstead, Byron
To: Henry Mealing
Cc: ARGENTIERI, WILLIAM R; Shane Boring; Kelly Miller
Subject: Re: Delivery delayed:County Species List
Date: Tuesday, September 01, 2015 7:19:27 AM
Attachments: image001.png


Apologies Henry.  I included the Union County list b/c the PBL includes the confluence of the
 Broad and Enoree Rivers.  I mistook the Union county line to extend down to the Enoree-
Broad River confluence.


Byron 


                                                 


Byron Hamstead
Fish and Wildlife Biologist
USFWS Charleston Field Office
176 Croghan Spur Rd., Suite 200
Charleston, SC, 29407


843-727-4707 ext. 205


This email correspondence an any attachments to and from this sender is subject to the
 Freedom of Information Act and may be disclosed to third parties.


On Mon, Aug 31, 2015 at 7:14 PM, Henry Mealing
 <Henry.Mealing@kleinschmidtgroup.com> wrote:


Byron,


 


I took a closer look at all of the items you sent me and I noticed that you included Union
 County as one of the counties in the project influence.  The project doesn’t touch Union
 County and we will remove any species from the list that are associated with that specific
 county list.  The major inclusions of species to evaluate are the At Risk Species (ARS).  We
 will add an additional section to cover these species including a short write up – known
 presence within the PBL – if the project will affect the species.


 


Thanks again for the complete list.  We will get started on this right away.


 


Henry


Henry Mealing



mailto:byron_hamstead@fws.gov

mailto:Henry.Mealing@KleinschmidtGroup.com
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From: Hamstead, Byron [mailto:byron_hamstead@fws.gov] 
Sent: Monday, August 24, 2015 10:05 AM
To: ARGENTIERI, WILLIAM R <BARGENTIERI@scana.com>
Cc: Henry Mealing <Henry.Mealing@KleinschmidtGroup.com>
Subject: Re: Delivery delayed:County Species List


 


Hi Bill,


 


Per Henry's request, attached is a .xlsx list of federal priority species that may be impacted
 by the Parr Project.  These species were pulled from the USFWS's county lists (Union,
 Fairfield, Newberry, and Richland Counties), Birds of Conservation Concern (2008) for
 Bird Conservation Region 29 (Table 27), and our July 9, 2014 proposal to include two
 mussels for consideration by the RT&E TWC.  County lists and other reference documents
 are attached for your records.  Please let me know if you have any questions.


 


Thanks,


Byron


 


     



http://www.kleinschmidtusa.com/

mailto:byron_hamstead@fws.gov

mailto:BARGENTIERI@scana.com





                                                 


 


Byron Hamstead


Fish and Wildlife Biologist


USFWS Charleston Field Office


176 Croghan Spur Rd., Suite 200


Charleston, SC, 29407


 


843-727-4707 ext. 205


 


This email correspondence an any attachments to and from this sender is subject to the
 Freedom of Information Act and may be disclosed to third parties.


 


On Mon, Jun 29, 2015 at 1:08 PM, ARGENTIERI, WILLIAM R
 <BARGENTIERI@scana.com> wrote:


Done


 


His new email address is Henry.Mealing@KleinschmidtGroup.com.


 


 


From: Thomas McCoy [mailto:thomas_mccoy@fws.gov] 
Sent: Friday, June 26, 2015 3:13 PM
To: ARGENTIERI, WILLIAM R
Subject: FW: Delivery delayed:County Species List


 


***This is an EXTERNAL email. Please do not click on a link or open any
 attachments unless you are confident it is from a trusted source.
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Hi Bill,


??


Can you send to Henry the species list?


It bounced back.


Tom


??


NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
 Information Act and may be disclosed to third parties. ??


??


From: Microsoft Outlook [mailto:postmaster@doi.gov] 
Sent: Friday, June 26, 2015 2:55 PM
To: thomas_mccoy@fws.gov
Subject: Delivery delayed:County Species List


??


Delivery is delayed to these recipients or groups:


Henry Mealing (HMealing@kassociates.com)


Subject: County Species List


This message hasn't been delivered yet. Delivery will continue to be attempted.


The server will keep trying to deliver this message for the next 1 days, 19 hours and 55 minutes.
 You'll be notified if the message can't be delivered by that time.
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From: ARGENTIERI, WILLIAM R
To: Kelly Kirven
Cc: Henry Mealing
Subject: Email from Tom McCoy regarding Reservoir Fluctuation Issue at Parr
Date: Monday, March 07, 2016 11:24:48 AM
Attachments: Parr Shoals Question.msg

Kelly,
 
Please add the comments and questions by Tom McCoy (see attached email) to the
meeting notes for the reservoir fluctuation meeting held last Thursday.
 
Thanks,
 
William R. Argentieri
South Carolina Electric & Gas Company
Mail Code A221
220 Operation Way
Cayce, SC 29033-3701
 
(Physical Address)
100 SCANA Pkwy
Building A, Floor 2
Cayce, SC 29033-3712
 
Phone - (803) 217-9162
Fax - (803) 933-7849
Cell - (803) 331-0179
 

mailto:BARGENTIERI@scana.com
mailto:Kelly.Kirven@KleinschmidtGroup.com
mailto:Henry.Mealing@KleinschmidtGroup.com

Parr Shoals Question

		From

		Thomas McCoy

		To

		ARGENTIERI, WILLIAM R

		Recipients

		BARGENTIERI@scana.com




***This is an EXTERNAL email. Please do not click on a link or open any attachments unless you are confident it is from a trusted source.








Hi Bill,







Is this navigable water where the suppose berm would be? If we install a berm, we would have sedimentation issues removing it each year that could affect fish and mussel species. I would rather have a permanent structure – rice trunk if
 SCDNR/SCE&G are amenable to it.







Please let me know if I can provide any further assistance.



Tom



Tom McCoy, Field Supervisor 



Department of the Interior - U.S. Fish and Wildlife Service



South Carolina Ecological Services Field Office



176 Croghan Spur Road, Suite 200



Charleston, South Carolina 29407



Main Phone Line: 843.727.4707 Direct Phone Line: 843.300.0431



Fax: 843.300.0204



E-mail: thomas_mccoy@fws.gov








Please visit our Web Page for information about our office: 
www.fws.gov/charleston 







NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of Information Act and may be disclosed to third parties.
















From: Olds, Melanie
To: Kelly Kirven
Subject: Re: Parr Relicensing - Draft PME Meeting Notes - March 28 and 30, 2017
Date: Monday, May 01, 2017 1:34:08 PM

Hi Kelly,

I have no comments on the notes. I am still working on providing more specifics on a mussel monitoring
plan and should have that to you either by the end of this week or early next week.

Thanks,

Melanie

_______________________________________________________
Melanie Olds | Fish & Wildlife Biologist/FERC Coordinator
U.S. Fish and Wildlife Service
South Carolina Ecological Services Field Office
176 Croghan Spur Road, Suite 200
Charleston, SC 29407
843-727-4707 ext. 205
843-727-4218 fax

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act (FOIA) and
may be disclosed to third parties.

On Tue, Apr 25, 2017 at 1:32 PM, Kelly Kirven <Kelly.Kirven@kleinschmidtgroup.com>
wrote:

Hi Melanie,

 

Absolutely – we completed a Mussel Study in Monticello Reservoir at the request of SCDHEC. 
Attached is the final report for that study. 

 

We also completed a Desktop Baseline Macroinvertebrate and Mussel Study early in relicensing,
just to document the macro and mussel population in the Project area using existing data.  I have
attached a copy of that report as well, in case you might want to see it.

 

Let me know if you need anything else.  Thanks!

 

Kelly

 

Kelly Miller Kirven

mailto:melanie_olds@fws.gov
mailto:Kelly.Kirven@KleinschmidtGroup.com
mailto:Kelly.Kirven@kleinschmidtgroup.com


Regulatory Coordinator

Office: 803.462.5633

Cell: 803.917.4528

www.KleinschmidtGroup.com

 

 

 

From: Olds, Melanie [mailto:melanie_olds@fws.gov] 
Sent: Tuesday, April 25, 2017 1:05 PM
To: Kelly Kirven <Kelly.Kirven@KleinschmidtGroup.com>
Subject: Re: Parr Relicensing - Draft PME Meeting Notes - March 28 and 30, 2017

 

Kelly,

 

I've been going through my files and I couldn't find the Final Mussel report for
Monticello, I saw in the RT &E TWC meeting notes for March 1,2016 that a report
was referenced. Can you please send me that report? 

 

 

Thanks,

 

Melanie

_______________________________________________________

Melanie Olds | Fish & Wildlife Biologist/FERC Coordinator

U.S. Fish and Wildlife Service

South Carolina Ecological Services Field Office

176 Croghan Spur Road, Suite 200

http://www.kleinschmidtusa.com/
mailto:melanie_olds@fws.gov


Charleston, SC 29407

843-727-4707 ext. 205

843-727-4218 fax

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act (FOIA)
and may be disclosed to third parties.

On Thu, Apr 13, 2017 at 1:57 PM, Kelly Kirven <Kelly.Kirven@kleinschmidtgroup.com>
wrote:

Good afternoon,

Attached are the draft notes from the PME meetings held on March 28th and 30th.  Please
review and pay particular attention to the action items listed at the end of the notes.  We
would like to have all comments on the notes and any additional information on new PME
measures by May 1st, so that we can include this information in the DLA.

Thanks,

Kelly

Kelly Miller Kirven

Regulatory Coordinator

Office: 803.462.5633

Cell: 803.917.4528

www.KleinschmidtGroup.com

mailto:Kelly.Kirven@kleinschmidtgroup.com
http://www.kleinschmidtusa.com/
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SUBJECT PAD COMMENT RESPONSES 

South Carolina Department of Natural Resources 
Reservoir 
Fluctuations 

DNR notes that the ranges of fluctuations presented in Section 3.4 
and Appendix C, page 191, represent fluctuations between the 
maximum and minimum pool elevations which occur over the 
course of a year and do not reflect normal daily fluctuations. Actual 
reservoir fluctuations observed during the period of 1995-2013 for 
Parr Reservoir and 2005-2013 for Monticello Reservoir are 
presented in Appendix C on pages 622 through 629 (April 1, 2014 
presentation for the Fisheries TWC). These data show that during 
the periods of record, daily operations have generally used only a 
portion of the available 29,000 acre/feet, and the resulting daily 
fluctuations are much less on average than described in Section 3.4. 
DNR recommends that information describing the daily fluctuations 
in both Parr and Monticello reservoirs be included in the License 
Application. 

Reservoir fluctuations have been discussed during 
pre-PAD consultation via the Operations RCG, 
and SCE&G is open to continuing that discussion 
during relicensing.  A reservoir fluctuation study is 
planned for the 2015 study season. 

Ray will pull together some information on why 
they asked for this in the current license and how it 
is used. 

Point out that the top 2 feet of the pool are used as 
temporary storage and that the pool is not refilled 
to the top of the spillway gates each day. 

The daily fluctuation occurs within the 10 foot 
band. 

SCE&G does not operate the spillway gates 
dynamically. 

Downstream 
Flows 

Appendix C, page 917 – A discussion between Kleinschmidt and 
DNR involving sturgeon populations on April 24, 2014, is presented. 
In that consultation, DNR staff noted that DNR would have concerns 
if Project operations impact flows downstream in the Congaree 
River during the spring spawning season. Kleinschmidt responded 
that impacts on flows in the Congaree as a result of project 
operations would be unlikely for a number of reasons. 
“Acknowledging that flow impacts to the Upper Congaree are 
unlikely, Kleinschmidt staff noted that level-loggers are being 
deployed throughout the reach of the Broad below the project and 
that an operations model is being developed to determine the extent 
of the downstream peaking “wave.” It was determined that, if 

SCE&G agrees that we should discuss this issue 
additionally during relicensing.  We plan to add 
this issue to the Fisheries TWC and discuss it 
initially during July/August 2015.  We will use 
that discussion to identify the “next steps” for 
gathering additional information to better define 
the issue. 
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operations modeling efforts suggest that water level/flow effects 
extend downstream of the Columbia Hydro Project, then there may 
be a need to reinitiate consultation regarding potential sturgeon 
impacts; otherwise, there are no concerns”. DNR notes that data 
collected since that meeting, and presented in the PAD (Figure on 
pages 352-354) clearly show effects that Project operations can have 
on the frequency, duration, and magnitude of peak flows 
downstream to the Congaree River. Since these flows may disrupt 
spawning diadromous fish, we recommend that DNR, USFWS and 
NMFS personnel be consulted to determine what additional 
information may be needed to assess those impacts. 

Downstream 
Flows (flood 
flow) 

Section 3.7, page 3-11 – Article 39 requires that the project is operated 
such that releases from Parr Reservoir during flood flows shall be no 
greater than flows which would have occurred in the absence of the 
Project. The Article did not provide a definition for flood flows; 
however, in practice, SCE&G uses 40,000 cfs as the targeted flood 
flow to guide operational measures to comply with this Article. 
Assuming a similar article is incorporated in the new license, DNR 
sees a need for further discussion and evaluation of how Project 
operations effect downstream flows during high inflow events, and we 
think such evaluation should address inflows less than 40,000 cfs, and 
consider effects of flood flow alterations on diadromous fish. 

SCE&G has discussed this issue during some of 
the RCG/TWC meetings prior to the start of 
relicensing.  We will schedule an additional 
meeting with stakeholders to share information 
regarding the current flood operations included in 
the current license. 

Downstream 
Flows (flow 
statistics) 

Section 4.2.2, page 4-15 – The flow statistics presented in this section 
(Table 4-2) are limited to monthly flow data from the Alston gage. 
Annual and monthly flow duration curves are provided in Appendix A 
of the PAD (page 162). As the relicensing process proceeds, DNR 
suggests that it is essential to have an understanding of daily variability 
of flows to be able to evaluate Project effects on aquatic and related 
natural resources. As an example, we would note that the daily 
minimum and maximum flows from the Project in the selected period 
of record (1981-2013) have ranged from a low of 48 cfs, on September 
12, 2002, to a high of 106,000 cfs on October 14, 1990 (USGS 
summary statistics for Station 02161000, Broad River at Alston). 

Noted.  SCE&G provided information required in 
the PAD. This is primarily in the form of flow 
duration curves and average flow data.  We can 
provide additional instantaneous flow data that is 
identified by the SCDNR. 
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Recreation 
Lands 

Appendix C, page 225 – On page 2 of the minutes from the May 14, 
2013, Recreation TWC meeting, SCE&G determines that some 
property within the Project Boundary (Lyne Tract) needs to be 
reclassified from future recreation to project operations. DNR suggests 
that 1) it may not be necessary to reclassify the entire 350 acres to 
Project Operations and other options should be considered, and 2) any 
lands that are removed from present or future recreational status should 
be replaced. 

SCE&G agrees to discuss this additionally during 
relicensing in the Lake and Land Management 
RCG. 

United States Fish and Wildlife Service 
Reservoir 
Fluctuations 

Section 3.4: This section outlines a typical pumping cycle where 
active storage is transferred to and from Parr and Monticello 
Reservoirs. While the annual maximum for daily reservoir 
elevation fluctuation is reported to be 4.5 feet for Monticello and 10 
feet for Parr, the Service contends that it is also important for the 
Commission to be aware of typical reservoir elevation fluctuation. 
According to reservoir elevation observation data from 1995-2013, 
the monthly mean for daily fluctuation for Parr ranges from 2.87 feet 
in February to 7.03 feet in August. Similarly, the elevation 
fluctuation for Monticello ranges from 1.49-feet in February to 3.40 
feet in August (see consultation record in PAD for data presented at 
the Fisheries Technical Working Committee (TWC) meeting on 
April 1, 2014). These data suggest that the current environmental 
condition of the Project (e.g., reservoir shoreline stability, fish and 
mussel assemblages, downstream hydrology, etc.) are expressions of 
only a portion of the allowable operating range for the Project. 

Reservoir fluctuations have been discussed during 
pre-PAD consultation via the Operations RCG, 
and SCE&G is open to continuing that discussion 
during relicensing.  A reservoir fluctuation study is 
planned for the 2015 study season. 

Ray will pull together some information on why 
they asked for this in the current license and how it 
is used. 

Point out that the top 2 feet of the pool are used as 
temporary storage and that the pool is not refilled 
to the top of the spillway gates each day. 

The daily fluctuation occurs within the 10 foot 
band. 

SCE&G does not operate the spillway gates 
dynamically. 

Downstream 
Flows 

Section 3.4 and 4.2.2: Section 3.4 does not describe any daily or 
seasonal ramping rates. While section 4.2.2 summarizes monthly 
flow statistics for water years 1981-2013 at the USGS gage 
(02161000) below the Project on the Broad River, these data do not 
show daily and hourly streamflow fluctuations that occur in the 
Broad River below the Project. The Service contends that daily and 

Noted.  SCE&G provided information required in 
the PAD. This is primarily in the form of flow 
duration curves and average flow data.  We can 
provide the additional daily/hourly flow data that 
is identified by the USFWS. 
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sub-daily streamflow fluctuations in the Broad River affect many 
aquatic resources and their habitats. Measuring streamflow 
fluctuation across broad timescales may mask trends that drive a 
biological phenomenon or environmental impact. Data reported and 
presented by American Rivers and the University of South Carolina 
at the Operations Resource Conservation Group (RCG) meeting on 
June 27, 2013, (see consultation record) show that stream flow 
pulses occur more frequently during higher baseflow conditions. 
Baseflow conditions are typically highest in the spring months (see 
Appendix A of PAD) during the spawning season for many resident 
and diadromous fishes and freshwater mussels. The Service believes 
that SCE&G's Final License Application and the Commission's 
environmental document should assess streamflow fluctuations on 
sufficiently small timescale to fully evaluate potential ecological 
impacts to priority natural resources. 

SCE&G will work with the Fisheries TWC and 
the Project Operations RCG to provide 
information in the Final License Application that 
adequately describes project operations and 
potential impacts on the downstream aquatic 
community. 

We are performing an IFIM study downstream of 
the project to determine the potential influence of 
stream flow on target aquatic species.  We are also 
preparing a project operations model that we can 
use to identify operations alternatives and their 
cost to SCE&G. 

Downstream 
Flows (flood 
flow) 

Section 3.7: License article 39 is the, "requirement to operate the 
Project reservoirs in such a manner that releases from the lower 
reservoir during flood flows shall be no greater than flows, which 
would have occurred in the absence of the Project." The Service 
agrees with SCDNR's assertion that there is a need to further discuss 
SCE&G' s definition of a flood flow ( 40,000 cubic feet per second), 
and we support their request for additional information and/or 
consultation record regarding how this benchmark was established. 

SCE&G has discussed this issue during some of 
the RCG/TWC meetings prior to the start of 
relicensing.  We will include an additional meeting 
with stakeholders to share information regarding 
the current flood operations included in the current 
license (most likely with the Operations RCG). 

Water Quality Section 4.2.6: The South Carolina Department of Health and 
Environmental Control (SCDHEC) identifies several areas within 
both reservoirs and immediately downstream of the Project in which 
water quality conditions are impaired. Since these impairments 
impact use by aquatic life (Table 4-5), the Service is concerned and 
interested to know the measures being taken to recovery water 
quality. 

All impairments listed by the SCDHEC on the 
303(d) list are identified in the Baseline Water 
Quality Report, prepared by SCE&G.  This list is 
also included in the PAD.   

Additionally, SCE&G has formed the Water 
Quality TWC to address water quality issues in the 
area of project influence.  Through this TWC, a 
potential water quality issue was identified 
immediately below Parr Shoals Dam (occasional 
drops in DO below the state required standards). 
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We have been working with the SCDHEC to 
identify project operations that will provide 
assurance that the project will meet the state water 
quality standards consistently in the future.  We 
will continue to share this information with all 
stakeholders during relicensing via the Water 
Quality TWC. 

Fish and 
Wildlife 
(mussels) 

Section 4.3.3: SCE&G staff informed the Service of potential 
freshwater mussel harvesting in the reservoirs. While this activity is 
permissible, the taking of freshwater mussels is unlawful without a 
permit from SCDNR. The Service wants to ensure that mussel 
harvesting activities are responsible, sustainable and enforced 
according to South Carolina law. 

SCE&G has in the past and will continue to 
support the SCDNR’s enforcement of state laws 
within the Project. 

Fish 
Entrainment 

Sections 4.3.6 and 4.3.7: Currently, no specific prevention, 
mitigation, or enhancement measures have been identified as a result 
of the Desktop Fish Entrainment Study Plan. However, the Service 
is open to a variety of outcomes consistent with our Mitigation 
Policy that aim to offset the ecological impact of fish and mussels 
entrained and killed by Project operations. Such measures may 
include, but are not limited to, modifying Project operations, 
fisheries stocking activities, and/or annual contributions to the Broad 
River Mitigation Trust Fund. 

A desktop fish entrainment analysis is being 
performed as part of the Fisheries TWC.  The final 
report should be completed during 2015 and 
SCE&G will work with the TWC to identify 
PM&E measures that will be considered as part of 
a Settlement Agreement. 

Fish and 
Wildlife 
(avian 
resources) 

Sections 4.4.2 and 4.6.1: Table 4-15 and the text that precedes it 
describe the avian resources found in surveys of the adjacent V .C. 
Summer Nuclear Station. Section 4.6.1 identifies federally listed 
species in the project vicinity. The MBTA prohibits the taking, 
killing, possession, transportation, and importation of migratory 
birds, their eggs, parts, and nests, except when specifically 
authorized to do so by the Department of the Interior. On March 30, 
2011, the Service and the Commission entered into a Memorandum 
of Understanding that focuses on avoiding or minimizing adverse 
impacts on migratory birds and cooperative reinforcement for 
migratory bird conservation. The Service's division of Migratory 

SCE&G has been in informal consultation with the 
USFWS since 2013 to identify species that are 
potentially impacted by the operation of the Parr 
Shoals Hydroelectric Project. We will continue to 
work with the USFWS to identify potential 
impacts to protected species, including BCC, 
within the project boundary during relicensing.  
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Bird Management provides regional lists of Birds of Conservation 
Concern (BCC), which consist of migratory nongame conservation 
priority species. The BCC list is divided into Bird Conservation 
Regions (BCR). The Project occurs in the Piedmont region (BCR 
27). We recommend that the Final License Application considers the 
Project's potential impact on BCC that occur in the Project vicinity 
including, but not limited to bald eagle, prairie warbler, loggerhead 
shrike, and brown-headed nuthatch. 

RT&E 
Species 

Section 4.6.1: The list of federally protected species is dynamic. 
Table 4-18 omits several species known to occur in Richland, 
Fairfield, and Newberry Counties, South Carolina. It is important 
that the Final License Application and the Commission's 
environmental document describe and fully consider potential 
impacts to these species resulting from the Project's new license. 

SCE&G will continue to work with the USFWS 
during relicensing to identify project impacts to 
federally protected species.  We will include all of 
our findings in the FLA.   

RT&E 
Species 
(mussels) 

Sections 4.6.4 and 5.1.5: Currently, no studies have been proposed 
to determine how the Project may be affecting the yellow 
lampmussel (Lampsilis cariosa) and Roanoke slabshell (Elliptio 
roanokensis). However, it is evident from data collected so far, that 
the Parr dam is a physical barrier that prevents these species from 
accessing upstream habitats, thereby limiting the distribution and 
recovery of these priority species. The Service is committed to 
restoring populations of these species upstream of the Parr Reservoir 
and elsewhere in the Broad River basin. 

Acknowledged.  SCE&G and the SCDNR have 
performed studies in recent years that document 
these two mussel species downstream of the 
Project.  In addition, a survey is planned for Lake 
Monticello in 2015 as part of relicensing.  To date, 
these two species have not been observed 
upstream of the project.  Although these species 
may have an anadromous host, and thus would be 
limited in upstream extent by the dam, NEPA and 
FPA do not require that these populations be 
analyzed relative to pre-project conditions (i.e., 
potential distribution in the absence of the dam).  
It should be noted that these species are not 
federally listed, therefore Section 7 requirements 
do not apply.  Similarly, there are no recovery 
goals for these species.  

Recreation 
Land 

Section 4.7.11: The Service supports SCDNR's assertion that any 
lands reclassified from the future recreation designation should be 
replaced. 

Comment noted. 
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Additional 
Information 
Requests 

The Service echoes the additional information needs put forth by 
SCDNR and requests the 
following: 
1) Presentation hydrologic data describing Project outflow in
relation to inflow with sufficient resolution (hourly timescale) so as 
to reveal potentially meaningful hydrologic trends and associated 
biological impacts; 
2) A description of measures in place to continue monitoring and
remediation of impaired water quality within and immediately 
downstream of the Project boundary; 
3) Assess potential adverse impacts and issues for federally
protected species omitted from the PAD including migratory birds7; 
and 
4) Does SCE&G concur with the Service's assertion that the Project
is a barrier limiting the distribution and recovery of yellow 
lampmussel and Roanoke slabshell? If not, additional 
surveys/studies may be needed to verify this fact. 

1) SCE&G agrees that we should discuss this issue
additionally during relicensing.  We plan to add 
this issue to the Fisheries TWC and discuss it 
initially during July/August 2015.  We will use 
that discussion to identify the “next steps” for 
gathering additional information to better define 
the issue. 

2)We will include these in the FLA and the 
proposed PM&E measures 

3) We will include these in the FLA and the
proposed PM&E measures 

4) SCE&G is not clear on this statement.  We do
not agree that the relicensing process requires the 
Licensee to analyze the environment without the 
presence of the project.  NEPA and FPA require 
that we determine the impacts on existing 
populations of federally protected species within 
the project, but not relative to pre-project 
conditions.  Therefore, we will need further 
clarification from USFWS on this issue before we 
can properly respond or address their concerns. 

Note:  it is probably a fair statement to say that the 
dam limits upstream extent of these species; 
however, that is not relevant given that NEPA and 
FPA only require that the applicant analyze 
impacts to species relative to an environmental 
baseline that includes the presence of the dam, and 
NOT relative to pre-project conditions. 
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Typos/Docum
ent Errors 

Section 4.2.2: Table 4-2: The water year for minimum recorded flow 
in May is incorrect. 
Section 4.3.1.4: The reference of (Post 2010) under the "American 
Shad" heading was not included in references section 4.3.8. 

Noted. 

National Oceanic and Atmospheric Administration – Marine Fisheries Division 
Downstream 
Flows 

Project operations have been observed to alter downstream flows 
(compared to inflows) so as to increase the magnitude and frequency 
of high flow events (PAD, Appendix C, pages 331- 354). Project 
operations can alter the flows released at Parr Dam as measured at 
Alston all the way to the Congaree River (see Figures on pages 352, 
353, and 354). The NMFS is concerned these flow variations may 
disrupt spawning by anadromous fish in the Broad and Congaree 
Rivers. 

SCE&G agrees that we should discuss this issue 
additionally during relicensing.  We plan to add 
this issue to the Fisheries TWC and discuss it 
initially during July/August 2015.  We will use 
that discussion to identify the “next steps” for 
gathering additional information to better define 
the issue. 

Downstream 
Fluctuations 

The NMFS also has concerns about potential impacts from 
fluctuating water levels from peaking activities to the area in the 
Congaree River known to be spawning habitat for Shortnose 
Sturgeon (Acipenser brevirostrum). A meeting on April 24, 2014, 
between Kleinschmidt and the South Carolina Department of 
Natural Resources (SCDNR) involving Shortnose Sturgeon 
populations is summarized in Appendix C, pages 917-918. In that 
consultation, SCDNR staff noted SCDNR would have concerns if 
Project operations impact flows downstream in the Congaree River 
during the spring spawning season. Data presented in the PAD 
(Figure on pages 352-354) clearly show the effects of Project 
operations on duration and magnitude of flows downstream to the 
Congaree River. Since these flows may disrupt spawning 
anadromous fish, including the federally-endangered Shortnose 
Sturgeon, the NMFS recommends that SCDNR, USFWS, and 
NMFS personnel be consulted to determine if additional information 
may be needed to assess those impacts. 

SCE&G agrees that we should discuss this issue 
additionally during relicensing.  We plan to add 
this issue to the Fisheries TWC and discuss it 
initially during July/August 2015.  We will use 
that discussion to identify the “next steps” for 
gathering additional information to better define 
the issue. 

Additional 
Information 
Requests 

1. SCE&G further evaluate hydrologic information on Project flows
(inflow, outflow, and Congaree River flows) to better assess the 
impact on spawning anadromous fishes, especially the Shortnose 
Sturgeon.  

1 & 2) SCE&G agrees that we should discuss this 
issue additionally during relicensing.  We plan to 
add this issue to the Fisheries TWC and discuss it 
initially during July/August 2015.  We will use 
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2. SCE&G convene a meeting with the resource agencies and
interested stakeholders to discuss the potential impacts of current 
project operations on the spawning of anadromous fish, to include 
American Shad, Striped Bass, and Shortnose Sturgeon.  
3. SCE&G scope options for and evaluate the engineering feasibility
of fishways at the Parr Shoals Development suitable for passing 
American Eel, American Shad, and Blueback Herring. 

that discussion to identify the “next steps” for 
gathering additional information to better define 
the issue. 

3) SCE&G is an active member of the Santee
Basin ACCORD, which is focused on the 
restoration of anadromous fish species.  The 
ACCORD plan includes fish passage requirements 
for the Parr Project.  SCE&G will include the 
agreements of the ACCORD in the Settlement 
Agreement and the FLA. 



ID Resource Commenting 
Agency/Stakeholder

Filed By Document Comment Response

1 Aquatic USFWS Tom McCoy DLA 3.2.2 Additional PM&Es or Off-License Agreements Under Evaluation: The Service continues to have concerns about the unavoidable impacts to aquatic resources, which are beyond the operational changes 
that are proposed to mitigate such impacts, due to fish entrainment, the fluctuations at the Parr and Monticello Reservoirs, and the downstream flow fluctuations.  As such, we support South Carolina 
Department of Natural Resources' request that SCE&G establish a mitigation fund for the continuing unavoidable impacts to those aquatic resources.

Comment noted.  SCE&G developed the Habitat 
Enhancement Program to address this issue.  See Exhibit E-5.

2 Aquatic USFWS Tom McCoy DLA 4.5.4 Unavoidable Adverse Effects - Impingement and Entrainment: SCE&G has proposed to increase fish production and enhance aquatic habitat away from the development's intakes as a way to mitigate 
for fish entrainment and turbine mortality.  The Service believes that more could potentially be done to offset some of the impacts and look forward working with SCE&G to further reduce fish entrainment 
and turbine mortality once the hydroacoustic survey, to be performed in August 2017, and subsequent report is complete.

SCE&G developed a Fish Entrainment Reduction Plan to 
address this issue.  See Exhibit E-5.

3 Terrestrial USFWS Tom McCoy DLA 4.6 Terrestrial Resources - 4.6.2.2 Proposed Action: Invasive species will continue to be a problem for many of our natural communities.  SCE&G has propsed to implement the new Shoreline Management 
Plan which will provide some protection for shoreline development.  The Service recommends that the Shoreline Management Plan and subsequent permitting handbook address best management practices 
for the prevention and management of invasive species.

Section 11.3 of the SMP has been revised to address USFWS 
concerns.  See Exhibit E-10.

4 Rare, Threatened 
and Endangered 
Species

USFWS Tom McCoy DLA 4.7 Rare, Threatened and Endangered Species - Federally Listed and Candidate Species:  This section now needs to include information regarding the northern long-eared bat (NLEB).  The NLEB was listed as 
threatened under the Endangered Species Act of 1973 (ESA) on May 4, 2015.  At this time the NLEB were only thought to occur only ten counties within South Carolina.  However, recent surveys have 
discovered the NLEB in the coastal counties of Beaufort, Berkeley, and Charleston.  With this new information, the Service assumes that the NLEB is likely to occur statewide at all times of the year.  This 
change became effective on July 17, 2017.

The RTE Assessment was revised to include updated 
information on the NLEB (see Exhibit E-7).  Information was 
also be included in the Exhibit E of the FLA.

5 Exhibit B SCDNR Bill Marshall DLA Section 1.3, page 1-3: Reference is given to project operations during "adverse, mean and high" water years.  We understand the meaning of these terms because they are described in the text, but we 
recommend that consideration be given to modifying these terms to below normal or low, normal, and above normal or high.

Exhibit B was revised to incorporate this recommendation. 

6 Exhibit B SCDNR Bill Marshall DLA Section 2.4: The area capacity curves provided in Exhibit B-15 for Parr Reservoir and B-17 for Monticello are helpful in understanding project impacts on reservoir volume and aquatic habitat.  These data 
show that for Parr Reservoir, as much as 90% of the lake volume is drained or filled on a daily basis, creating a highly dynamic aquatic habitat where as much as 3,000 acres may be dewatered.  While a much 
smaller percentage of shoreline area is impacted on Monticello Reservoir, as many as 400 acres may be dewatered on a daily basis.

Comment noted.

7 Exhibit E SCDNR Bill Marshall DLA SCDNR suggests SCE&G consider developing some standardized language to describe reservoir fluctuations.  They are discussed in Exhibits A, B, and E, each time there appears to be a slight variation in 
wording.  As examples, in Exhibit A it states, "The reservoir's operating range is between 419.8 ft. and 424.3 ft., with a usable storage of 29,000 acre-feet.  All or a part of this volume is utilized on a daily basis 
for pumped storage operations"; while in Exhibit B, section 1.0 second paragraph, it states, "active storage is transferred from the Parr Reservoir back into the Monticello Reservoir", and a reader could 
conclude all active storage is transferred, which is not always correct.  Based on our understanding, the description provided in Exhibit E, section 3.1.1.3, most accurately describes the operating range.

The description provided in Exhibit E is now also included in 
Exhibits A and B.

8 Exhibit E SCDNR Bill Marshall DLA Section 3.1.1.5: We noticed that transmission to "Parr Steam Station 115kV substation" is mentioned in this section, while Exhibit G, Section 2.0 indicates that "Parr Steam Station" no longer exists.  Does the 
substation still exist?

Yes, the substation does still exist, but the Parr Steam 
Station does not exist.  

9 Exhibit E SCDNR Bill Marshall DLA Section 3.1.1.6, page 3-5: Typo in the last paragraph of section: change pas to pass. Comment noted.  This was corrected.
10 Exhibit E SCDNR Bill Marshall DLA Section 3.2.1: SCDNR notes that some of the proposed PM&E measures, such as downstream minimum flows, will need to be updated in the FLA to reflect more current agreements. Comment noted. The PM&E measures were updated for the 

FLA.
11 Exhibit E SCDNR Bill Marshall DLA Section 3.2.1, page 3-7: Navigation flows are discussed and in describing the study conducted to assess navigation flows, the DLA states, "The results of the assessment suggeseted that a flow between 700-

1000 cfs is sufficent for downstream navigation at both of the constriction points investigated." SCDNR notes that while a flow of 700 cfs may be judged by some to be sufficient for downstream navigation, 
the study results applied to state criteria indicate that a flow of at least 1,000 cfs needed to be consistent with the South Carolina Water Plan.

Comment noted.  Please see response to comment 21.

12 Exhibit E SCDNR Bill Marshall DLA Section 3.2.1, page 3-9: Improving dissolved oxygen in the west channel is discussed.  SCDNR agrees that improving dissolved oxygen in the bypassed section of the river is important, but increasing the depth 
and flow, which are also important components of aquatic habitat, is also important to SCDNR, as has been discussed and addressed in more recent meetings with SCE&G.

Comment noted.  Resolved in final West Channel AMP.  See 
Exhibit E-4.

13 Exhibit E SCDNR Bill Marshall DLA Section 3.2.1, page 3-13: Typo: insert "are" to the sentence, "… when 50% of the specified total restoration numbers for adult anadromous American shad or blueback herring are being passed at Columbia 
Dam."

Comment noted.  This was corrected.

14 Exhibit E SCDNR Bill Marshall DLA Section 3.3.4, page 3-16: SCE&G explains why they do not think they should provide mitigation compensation if they do not meet target flows when inflows are high enough to meet them.  From SCDNR's 
perspective, this proposed compensation was intended to occur only when Lake Monticello is filled at a rate that is faster than inflow is filling Parr Reservoir, which is controlled by SCE&G.  We suggested 
compensation as a way to discourage SCE&G from operating the Project in that manner, because it reduces benefits to aquatic resources downstream of the project.  However, this proposal is now a mute 
issue, because the downstream minimum flow agreement, which we support, provides SCE&G with some limited operational flexibility in meeting the target flows, and we believe the minimum flows and 
target flows identified will protect and/or enhance aquatic resources and associated users.

Comment noted.  SCE&G intends to do what is necessary to 
meet the minimum flow requirements agreed to in the 
Comprehensive Relicensing Settlement Agreement.  
Deviations will be reported to FERC in accordance with the 
appropriate license article.

15 Exhibit E SCDNR Bill Marshall DLA Section 4.3.2.2, page 4-18: Proposed Action: reference is given to the Erosion Monitoring Plan that will be in Appendix D.  SCDNR notes that the plan has been changed subsequent to the DLA filing, and the 
FLA will need to present the current version of the plan.

Comment noted.  See Exhibit E-3.

16 Exhibit E SCDNR Bill Marshall DLA Section 4.4.2.4, page 4-45: Proposed Action: reference is given to the West Channel Water Quality Monitoring Plan in Appendix D. SCDNR notes that plan has been changed subsequent to the DLA filing, and 
the FLA will need to present the current version of the plan.

Comment noted.  See Exhibit E-4.

17 Exhibit E SCDNR Bill Marshall DLA Section 4.5.1.3, Table 4-15: A few of the common names of fish are cut short as caused by narrow column width in the table. Comment noted. This table was revised.
18 Exhibit E SCDNR Bill Marshall DLA Section 4.5.1.4, page 4-53: A statement in the second paragraph says, "American shad have been documented downstream of the Parr Shoals Dam at the Columbia Hydroelectric Project (Columbia Project) 

(FERC No. 1895) (Table 4-17).  This anadromous species passes through the Santee-Cooper lake system via the St. Stephen Fish Lift and moves up into the Congaree River." SCDNR notes that the statement is 
true, but would add that American shad also pass upstream into Lake Moultrie through the Pinopolis Navigation Lock.

Comment noted.  Wording was added to Exhibit E to 
mention shad passage through the Pinopolis Navigation 
Lock.

19 Exhibit E SCDNR Bill Marshall DLA Section 4.7.2.2, page 4-91: The statement is made that "Population groups of shortnose sturgeon are known to occur downstream of the Santee-Cooper dams in the lower Santee and Cooper rivers (Collins et 
al. 2003)". This paragraph also needs to mention the known occurrence of shortnose sturgeon upstream of the Santee-Cooper dams and established population in the Brown's Lake area of Lake Marion (a 
citation can be provided if needed).

Comment noted.  Shortnose sturgeon population in Brown's 
Lake area of Lake Marion was added.

20 Exhibit E SCDNR Bill Marshall DLA Section 4.8.2.2, page 4-109: A sentence reads: "Data suggested that navigational passage is not a limiting factor at Ledge 1 for flows as low as 500 cfs.  At Ledge 2, data indicates that a flow of 1000 cfs meets 
both the minimum depth and width aspects of the criteria, with approximately 82 feet (10 percent) of cross-sectional passage provided collectively by the two passage points at that ledge (Kleinschmidt 
2016c)." SCDNR would acknowledge the sentence as accurate, but since the SC Water Plan recommends the minimum flow to be the greater of flows needed to meet the navigation criteria then it should be 
clarified that a flow of at least 1,000 cfs is needed to meet the criteria consistent with the SC Water Plan.  We recommend that this be clarified in the final license application.

Comment noted. We have not edited the FLA since the 
statement, as SCDNR notes, is accurate.  

21 Exhibit E SCDNR Bill Marshall DLA Section 4.8.2.2, page 4-110: The establishment of instream flows is discussed and the statement is made: "Flows for recreation and navigation are just two components of the overall downstream flow 
discussion currently taking place with TWC members.  Flows for aquatic resources, which hinge on final determinations from the IFIM study, may also meet recreational and navigational flow requests". 
SCDNR concurs with that statement, but recommends that language to clarify our policy on the establishment of instream flows be included in the final license application.  The SCDNR instream flow policy is 
described in the SC Water Plan, a comprehensive plan filed with the FERC, and states that the minimum required flow for a stream is the greatest of the minimum flows required for: 1) the protection of 
water quality; 2) protection of fish and wildlife habitats; 3) maintenance of navigability; and 4) estuary maintenance and prevention of saltwater intrusion (SCDNR 2004).  As explained on page 4-108 of the 
DLA, the criteria for providing one-way downstream navigation are described in the South Carolina Water Resources Commission document (SCWRC 1988).

Comment noted.  This section was revised to reflect the 
SCDNR instream flow policy as described in the SC Water 
Plan.

22 Exhibit E SCDNR Bill Marshall DLA Section 4.10.1.4, page 4-123: At the bottom of the page, under visual characteristics, a description of Lake Monticello, Parr Reservoir and the Recreation Lake are provided.  The description of the Recreation 
Lake may be more appropriate following the description of Lake Monticello rather than Parr Reservoir.

Comment noted.  The FLA was revised.

23 Exhibit E SCDNR Bill Marshall DLA Section 4.10.1.4, page 4-123 and Table 4-31 - The total shoreline for Parr reservoir in Table 4-31 does not match the distance reported in the text on page 4-123. Comment noted.  The shoreline miles were revised for the 
FLA.

24 Exhibit E SCDNR Bill Marshall DLA Section 4.10.1.4, page 4-123 and Table 4-32: The text states that "Monticello Reservoir covers 6,800 acres and has 54 miles of shoreline", which is not consistent with the mileage reported in Table 4-32. The 
number provided in the text does not appear to include the sub-impoundment and/or the islands, and should be clarified in the table.

Comment noted. The shoreline miles were revised for the 
FLA.

25 Exhibit E SCDNR Bill Marshall DLA Section 4.11.2.2, page 4-135: The downstream navigation flow study is discussed on the bottom of page 4-135, and we note some inconsistency in how this information is presented throughout the DLA. 
According to this section, "the results [of the recreatinoal navigational flow study] suggested that a flow of 700-1,000 cfs is necessary for downstream navigation." This language was also used on page 3-8 of 
Exhibit E. Based on our understanding of the study results, the findings of that study are most accurately described on page 4-109 in Exhibit E, which says: "Data suggested that navigational passage is not a 
limiting factor at Ledge 1 for flows as low as 500 cfs. At Ledge 2, data indicates that a flow of 1000 cfs meets both the minimum depth and width aspects of the criteria, with approximately 82 feet (10 
percent) of cross-sectional passage provided collectively by the two passage points at that ledge (Kleinschmidt 2016c).

Comment noted.  This statement was revised.
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26 Exhibit E SCDNR Bill Marshall DLA Section 6-2, page 6-3: Unavoidable impacts associated with the Project are discussed and under Fishery Resources, the DLA states "Parr Reservoir experiences fluctuations associated with pumped storage 
operations". We concur with that statement and note that while not as severe as Parr Reservoir, Monticello Reservoir also experiences fluctuations associated with pump storage operations. In addition, 
even though proposed PM&Es are expected to reduce downstream flow fluctuation, Project operations will likely continue to create downstream flow fluctuations to the Broad River that may interfere with 
the spawning of various fish species including American Shad and Striped Bass.

Comment noted.

27 Exhibit E SCDNR Bill Marshall DLA Section 6.3, page 6-6, Table 6.1: The South Carolina Water Plan is listed as a comprehensive plan that addressed water resources, which is true.  However, this plan also describes the SCDNR instream flow 
policy which protects water quality, fish and wildlife habitat, and recreational navigation.

Comment noted.  The Exhibit E was updated to reflect this 
request.

28 Exhibit E SCDNR Bill Marshall DLA Also, Table 6.1 indicates DLA consistency with the SC Water Plan; however, SCDNR would not agree that the DLA is consistent with the SC Water Plan or the other South Carolina plans that address navigation 
flows. As communicated in previous comments, a flow of at least 1,000 cfs is needed to meet navigational flow criteria consistent with the SC Water Plan, and the DLA presents 900 cfs as a target Minimum 
Flow Recommendation for the Project (in Section 3.2.1). Having said this, we acknowledge this to be a mute issue at this time because progress in negotiating Project flows have resulted in a downstream 
minimum flow agreement, which is consistent with the SC Water Plan and expected to be included with the final license application.

Comment noted.  This issue was resolved since the DLA was 
issued and therefore, the proposed PM&E measures are 
consistent with the SC Water Plan and other South Carolina 
plans.

29 Exhibit E NMFS Pace Wilber DLA Section 2.1 (2.1.1) Section 18 Fishway Prescriptions: This section notes the U.S. Fish and Wildlife Service (USFWS) is a member of the Santee Accord and agreed that the Fish Passage Feasibility Assessment 
will be conducted pursuant to the Accord when certain biological triggers are met.  It should be noted that the NMFS is not a signatory to the Accord and can provide a separate prescription for fish passage.

Comment noted.

30 Exhibit E NMFS Pace Wilber DLA Section 2.3 Endangered Species Act: This section of the DLA only references consulting USFWS regarding listed species.  The NMFS Protected Resources Division should also be consulted regarding potential 
impacts to the shortnose sturgeon and Atlantic sturgeon.

We agree.  This section was revised.

31 Exhibit E NMFS Pace Wilber DLA Section 2.4 Magnuson-Stevens Fishery Conservation and Management Act: This section briefly describes the Act but leaves out any mention of the essential fish habitat (EFH) portion of the Act. The Project 
Area does not contain EFH, and project influences are unlikely to extend downstream to estuarine waters where EFH occurs.  Acordingly, the NMFS would support a conclusion by SCE&G and FERC that EFH 
consultation pursuant to Section 305(b) of the Magnuson-Stevens Act will not be required for this relicensing action. If this proves to be the case, the NMFS recommends a paragraph to this effect be 
included in the final application.

Comment noted.  The FLA was revised to include a 
conclusion by SCE&G that EFH consultation purusant to 
Section 305(b) of the Magnuson-Stevens Act will not be 
required.

32 Exhibit E NMFS Pace Wilber DLA Section 4.5.1.3. Table 4-15 on page 4-50: SCE&G should address several errors/omissions in the Table. For example, remove (1-27-06) after Scartomyzon sp.  and complete the names of shorthead redhorse 
(omitted) Maxostoma macrolepidotum  (omitted) and northern hog sucker (omitted). The correct scientific name for the eastern mosquitofish is Gambusia holbrooki .

Comment noted.  This table was revised.

33 Exhibit E NMFS Pace Wilber DLA Section 4.5.1.4 Diadromous Fish: Second sentence. Historically, Atlantic sturgeon also occurred in the Santee Basin but are omitted from the list.  Seconed paragraph, second sentence. American shad also 
pass into the lakes through the Pinopolis Lock.

Comment noted.  Atlantic sturgeon were added to the list in 
this section. Also, the American shad comment was added.

34 Exhibit E NMFS Pace Wilber DLA Section 4.7 Rare, Threatened, and Endangered Species: Blueback Herring, page 4-84. This species should be referred to as an anadromous fish not diadromous. Comment noted.  Blueback herring will be referred to as an 
anadromous fish.

35

Cultural Cherokee Nation
Elizabeth 
Toombs DLA

The CN requests that the SCE&G halt all project activities immediately and re-contact our office for additional consultation if items of cultural significance, including archaeological or related human remains, 
are discovered during the course of this project.

The CN was contacted during the development of the HPMP 
and did not respond. Therefore, if they wish to be a 
consulting party, we recommend that FERC include 
contacting of the CN in the Programmatic Agreement.

36

Cultural Cherokee Nation
Elizabeth 
Toombs DLA

The CN requests that SCE&G include the CN as a consulting party to the Historic Properties Management Plan  (HPMP) and Programmatic Agreement related to this project. The CN was contacted during the development of the HPMP 
and did not respond. Therefore, if they wish to be a 
consulting party, we recommend that FERC include 
contacting of the CN in the Programmatic Agreement.

37

Cultural Cherokee Nation
Elizabeth 
Toombs DLA

In regard to the HPMP, if educational cultural material related to archaeological sites are released to the public, the CN requests an opportunity to consult regarding these materials prior to their release. The CN was contacted during the development of the HPMP 
and did not respond. Therefore, if they wish to be a 
consulting party, we recommend that FERC include 
contacting of the CN in the Programmatic Agreement.

38
Cultural Cherokee Nation

Elizabeth 
Toombs DLA

The American Eel is an important fish in Cherokee culture. Thus, the CN supports SCE&G's efforts to monitor the American Eel as a part of the West Channel Adaptive Management Plan, and its inclusion in 
the Comprehensive Relicensing Settlement Agreement.

Comment noted.

39

4(e) Conditions USFS DLA

Condition No. 1 - Revision of Forest Service Conditions: Forest Service reserves the right, after notice and opportunity for comment, to require changes in the Project and its operation through revision of the 
Section 4(e) conditions to accomplish protection and utilization of National Forest System lands and resources. Forest Service also reserves the right to modify these conditions, if necessary, to respond to any 
significant changes in the assessed effects of the Project on national forest resources that warrant a revision of these conditions, for example, a Final Biological Opinion issued for this Project by the National 
Marine Fisheries Service or United States Fish and Wildlife Service; or any Certification issued for this Project by the State Water Resources Control Board.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 
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4(e) Conditions USFS DLA

Condition No. 2 - Surrender of License or Transfer of Ownership: Prior to any surrender of this license, Licensee shall provide assurance acceptable to Forest Service that Licensee shall restore any project area 
directly affecting National Forest System lands to a condition satisfactory to Forest Service upon or after surrender of the license, as appropriate. To the extent restoration is required, Licensee shall prepare a 
restoration plan for Forest Service approval, which shall identify the measures to be taken to restore such National Forest System lands and shall include adequate financial mechanisms to ensure 
performance of the restoration measures.  In the event of any transfer of the license or sale of the project, Licensee shall assure that, in a manner satisfatory to Forest Service Licensee or transferee will 
provide for the costs of surrender and restoration. If deemed necessary by FS to assist it in evaluating Licensee's proposal, Licensee shall conduct an analysis, using experts approved by Forest Service, to 
estimate the potential costs associated with surrender and restoration of any project are directly affecting National Forest System lands to Forest Service specifications. In addition, Forest Service may require 
Licensee to pay for an independent audit of the transferee to assist FS in determing whether the transferee has the financial ability to fund the surrender and restoration work specified in the analysis.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 
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4(e) Conditions USFS DLA

Condition No. 3 - Requirement to Obtain a Forest Service Special Use Authorization for Use of National Forest System Lands: Requirement to Obtain a Forest Service Special Use Authorization Based on the 
Energy Policy Act of 1992 - Licensee shall obtain a special use authorization from Forest Service for the occupancy and use of lands included in the licensed project boundary.  Licensee shall obtain the 
executed authorization prior to beginning any ground disturbing activities on National Forest System lands to be covered by the special use authorization and shall file that special use authorization with the 
Commission.  Licensee shall be responsible for the costs of collecting all information directly related to the evaluation of the effects of the proposed occupancy and use that Forest Service needs in order to 
make a decision concerning issuance of the special use authorization. - Requirement to Obtain a Forest Service Special Use Authorization Based on Issuance of Previous Special Use Authorization(s) - Licensee 
shall obtain a special use authorization from Forest Service for the occupancy and use of lands previously covered by a special use authorization in any previous license. Licensee shall obtain the executed 
authorization within 6 months of license issuance and prior to beginning any ground disturbing activities on National Forest System lands to be covered by the special use authorization and shall file that 
special use authorization with the Commission.
Licensee shall be responsible for the costs of collecting all information directly related to the evaluation of the effects of the proposed occupancy and use that Forest Service needs in order to make a 
decision concerning issuance of a special use authorization. - Requirement to Obtain a Forest Service Special Use Authorization for Projects That Involve the Use of Additional National Forest System Lands 
that do not have a Special Use Authorization - Licensee shall obtain a special use authorization from Forest Service for the occupancy and use of National Forest System lands that are (1) not part of the 
existing license but are added to the FERC boundary by the Commission and (2 not previously covered by a special use authorization. Licensee shall obtain the executed authorization within 6 months of 
license issuance and prior to beginning any ground disturbing activities on National Forest System lands to be covered by the special use authorization and shall file that special use authorization with the 
Commission.  Licensee shall be responsible for the costs of collecting all information directly related to the evaluation of the effects of the proposed occupancy and use that Forest Service needs in order to 
make a decision concerning issuance of a special use authorization.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 
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4(e) Conditions USFS DLA

Condition No. 4 - Requirement to Obtain a Short-Term Forest Service Special Use Authorization: If, during the term of the License, Licensee proposes to perform any project construction work, the Licensee 
shall obtain a short-term special use authorization prior to beginning any ground disturbing activities on National Forest System land. Licensee shall be responsible for the costs of collecting and analyzing all 
information directly related to the evaluation of the effects of the proposed project that Forest Service needs in order to make a decision concerning issuance of a short-term special use authorization.  
Licensee may commence ground disturbing activities authorized by the License and short-term special use authorization no sooner than 60 days following the date Licensee files the Forest Service short-term 
special use authorization with the Commission, unless the Commission prescribes a different commencement schedule. In the event there is a conflict between any provisions of the License and Forest 
Service special use authorization, the special use authorization shall prevail to the extent that Forest Service, in consultation with the Commission, deems the terms of the special use authorization necessary 
to protect and utilize National Forest System resources. The short-term special use permit shall address but not be limited to:

• Safety.
• Use and storage of equipment.
• Properly licensed construction personnel.
• Inspections.      Before any construction occurs on National Forest System lands, Licensee shall 
obtain prior written approval of Forest Service for all final design plans for Project components, which Forest Service deems as affecting or potentially affecting National Forest System resources.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 
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4(e) Conditions USFS DLA

Condition No. 5 - Compliance with Regulations: Licensee shall comply with the regulations of the Department of Agriculture for activities on National Forest System lands, and all applicable Federal, State, 
county, and municipal laws, ordinances, or regulations in regards to the area or operations on or directly affecting National Forest System lands, to the extent those laws, ordinances or regulations are not 
preempted by federal law.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC.
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4(e) Conditions USFS DLA

Condition No. 6 - Protection of United States Property: Licensee, including any agents or employees of Licensee acting with the scope of their employment, shall exercise diligence in protecting from damage 
the land, property, and interests of the United States from damage arising from Licensee's construction, maintenance, or operation of the project works or the works appurtenant or accessory thereto under 
the license. Licensee's liability for fire and other damages to National Forest System lands shall be determined in accordance with the Federal Power Act and standard Form L-1 Articles 22 and 24 or correct 
current form.

As part of the occupancy and use of the project area, Licensee has a continuing responsibility to reasonably identify and report all known or observed hazardous conditions on or directly affecting National 
Forest System lands that would affect the improvements, resources, or pose a risk of injury to individuals. Licensee will abate those conditions, except those caused by third parties or not related to the 
occupancy and use authorized by the License. Any non-emergency actions to abate such hazards on National Forest System lands shall be performed after consultation with Forest Service. In emergency 
situations, Licensee shall notify Forest Service of its actions as soon as possible, but not more than 48 hours, after such actions have been taken.  Whether or not Forest Service is notified or provides 
consultation, Licensee shall remain solely responsible for all abatement measures performed. Other hazards should be reported to the appropriate agency as soon as possible.

Licensee shall maintain all its improvements and premises on National Forest System lands to standards of repair, orderliness, neatness, sanitation, and safety acceptable to Forest Service. Licensee shall 
comply with all applicable Federal, State, and local laws and regulations, including but not limited to, the Federal Water Pollution Control Act, 33 U.S.C. 1251 et seq., the Resources Conservation and Recovery 
Act, 42 U.S.C. 6901 et seq., the Comprehensive Environmental Response, Control, and Liability Act, 42 U.S.C. 9601 et seq., and other relevant environmental laws, as well as public health and safety laws and 
other laws relating to the siting, construction, operation, and maintenance of any facility, improvement, or equipment.  Disposal of all materials will be at an approved existing location, except as otherwise 
agreed by Forest Service.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 

45

4(e) Conditions USFS DLA

Condition No. 7 - Existing Claims: License shall be subject to all valid claims and existing rights of third parties. The United States is not liable to Licensee for the exercise of any such right or claim. SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC.
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4(e) Conditions USFS DLA

Condition No. 8 - Indemnification: Licensee shall indemnify, defend, and hold the United States harmless for:

• any violations incurred under any laws and regulations applicable to, or
• judgments, claims, penalties, fees, or demands assessed against the United States caused by, or
• costs, damages, and expenses incurred by the United States caused by, or
• the releases or threatened release of any solid waste, hazardous substances, pollutant, contaminant, or oil in any form in the environment related to the construction, maintenance, or operation of the
project works or of the works appurtenant or accessory thereto under the license.

Licensee’s indemnification of the United States shall include any loss by personal injury, loss of life or damage to property caused by the construction, maintenance, or operation of the project works or of the 
works appurtenant or accessory thereto under the license. Indemnification shall include, but is not limited to, the value of resources damaged or destroyed; the costs of restoration, cleanup, or other 
mitigation; fire suppression or other types of abatement costs; third party claims and judgments; and all administrative, interest, and other legal costs. Upon surrender, transfer, or termination of the license, 
Licensee’s obligation to indemnify and hold harmless the United States shall survive for all valid claims for actions that occurred prior to such surrender, transfer or termination.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 
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4(e) Conditions USFS DLA

Condition No. 9 - Access within the License Area: The United States shall have unrestricted use of any part of the licensed area on National Forest System lands for any purpose, including permitting uses by 
third parties or members of the public, provided such use does not interfere with the rights and privileges authorized for the license.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC.
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4(e) Conditions USFS DLA

Condition No. 10 - Use of National Forest System Roads: If the Project requires use of roads on National Forest System lands, Licensee shall obtain suitable authorization for all project access roads and 
National Forest System roads needed for Project access. The authorization shall require road maintenance and cost sharing in reconstruction commensurate with Licensee’s use and project-related use. The 
authorization shall specify road maintenance and management standards that provide for traffic safety, minimize erosion, and minimize damage to natural resources and that are acceptable to Forest Service, 
as appropriate.

Licensee shall pay Forest Service for its share of maintenance cost or perform maintenance or other agreed to services, as determined by Forest Service, for all use of roads related to project operations, 
project-related public recreation, or related activities.  The maintenance obligation of Licensee shall be proportionate to total use and commensurate with its use. Any maintenance to be performed by 
Licensee shall be authorized by and shall be performed in accordance with an approved maintenance plan and applicable Best Management Practices (BMPs).  In the event a road requires maintenance, 
restoration, or reconstruction work to accommodate Licensee's needs, Licensee shall perform such work at its own expense after securing Forest Service road maintenance, restoration, or reconstruction 
standards and authorization.

Licensee shall complete a condition survey and a proposed maintenance plan subject to Forest Service, review and approval as appropriate once each year.  The plan may take the format of a road 
maintenance agreement provided all the above conditions are met as well as the conditions set forth in the proposed agreement.

In addition, all National Forest System roads used as Project Access roads (PAR) and Right-of- Way access roads (ROW) shall have:

• Current condition survey.
• Map(s) at a scale to allow identification of specific routes or segments.
• FS assigned road numbers are used for reference on the maps, tables, and in the field.
• GIS compatible files of GPS alignments of all roads used for Project access are provided to Forest Service.
• Adequate signage is installed and maintained by Licensee at each road or route, identifying the road by Forest Service road number.

Licensee shall confine all vehicles being used for project purposes, including but not limited to administrative and transportation vehicles and construction and inspection equipment, to roads or specifically 
designed access routes, as identified in the authorization described above. Forest Service, reserves the right to close any and all such routes where damage is occurring to the soil or vegetation or to require 
reconstruction/construction by Licensee to the extent needed to accommodate Licensee’s use. Forest Service, agrees to provide notice to Licensee prior to road closures, except in an emergency, in which 
case notice will be provided as soon as practicable.

Licensee shall maintain suitable crossings as required by FS, for all roads and trails that intersect the right-of-way occupied by linear Project facilities (powerline, penstock, ditch, and pipeline).

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 
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4(e) Conditions USFS DLA

Condition No. 11 - Hazardous Substances Plan: Hazardous substances may not be stored on National Forest System lands without prior approval of Forest Service, Licensee shall submit a spill prevention and 
cleanup plan for approval by Forest Service, as part of any request to store hazardous substances.  The plan shall show evidence of consultation with Forest Service.  The plan shall be filed with the 
Commission.

At a minimum, the plan must (1) outline the Licensee’s procedures for reporting and responding to releases of hazardous substances, including names and phone numbers of all emergency response 
personnel and their assigned responsibilities; (2) maintain in the project area, a cache of spill cleanup equipment suitable to contain any spill from the project; (3) include a schedule to periodically inform 
Forest Service,  of the location of the spill cleanup equipment on National Forest System lands and of the location, type, and quantity of oil and hazardous substances stored in the project area; and (4) 
include a requirement to inform Forest Service immediately of the magnitude, nature, time, date, location, and action taken for any spill. Procedures for chemicals are outlined in the Department of 
Transportation’s Emergency Response Guide Book (Orange book) and in the MSDS/SDS for each chemical.
For DRY spills:
• Immediately cover with plastic or a tarpaulin to prevent the chemical from becoming airborne
• Sweep the material together, rolling the tarp back slowly
• Shovel the material into doubled plastic bags
• Identify product name for the chemical(s) spilled and apply this information to the outside of the containment bags, along with the time, date, location and amount of spill.

For LIQUID spills:
• Use absorbent material, such as kitty litter or sawdust, to soak up the spill. Begin spreading the absorbent material around the edge of the spill and then work toward the center.  Use only enough material
to absorb the spill
• Shovel the absorbent material and chemical, along with any contaminated soil, into doubled plastic bags
• Identify product name for the chemical(s) spilled and apply this information to the outside of the containment bags, along with the time, date, location and amount of spill.

The plan shall include a monitoring plan that details corrective measures that will be taken if spills occur. The plan shall include a requirement for a weekly written report including maps, documenting the 
results of the monitoring to be sent to the Forest Service-Francis Marion and Sumter National Forest-MAZMAT Coordinator.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 
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4(e) Conditions USFS DLA

Condition No. 12 - Pesticide-Use Restrictions on National Forest System Lands: Pesticides may not be used on National Forest System lands or in areas affecting National Forest System lands to control 
undesirable woody and herbaceous vegetation, aquatic plants, insects, rodents, non-native fish, etc., without the prior written approval of Forest Service. Any request by Licensee to use pesticides shall be 
accompanied by the following:

• A determination as to whether pesticide applications are essential for use on National Forest System lands;
• Specific locations of use;
• Specific pesticides proposed for use;
• Application rates;
• Dose and exposure rates; and
• Safety risk and timeframes for application.

Exceptions to this schedule may be allowed only when unexpected outbreaks of pests require control measures that were not anticipated at the time the report was submitted.  In such an instance, an 
emergency request and approval may be made.

On National Forest System lands, Licensee shall only use those materials registered by the U.S. Environmental Protection Agency and consistent with those applied by Forest Service and approved through 
Forest Service review for the specific purpose planned.  Licensee must strictly follow label instructions in the preparation and application of pesticides and disposal of excess materials and containers.  
Licensee may also submit Pesticide Use Proposal(s) with accompanying risk assessment and other Forest Service required documents to use pesticides on a regular basis. Submission of this plan will not 
relieve Licensee of the responsibility of annual notification and review.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 
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4(e) Conditions USFS DLA

Condition No. 13 - Consultation: Licensee shall annually consult with Forest Service.  The date of the consultation meeting will be mutually agreed to by Licensee and Forest Service but in general should be 
held by April 15. At least 30 days in advance of the meeting, Licensee shall notify other interested stakeholders, confirming the meeting location, time and agenda.  At the same time, Licensee shall also 
provide notice to South Carolina Department of Natural Resources and United States Fish and Wildlife Service, who may choose to participate in the meeting.  Licensee shall attempt to coordinate the 
meeting so interested agencies and other stakeholders may attend.

Licensee shall make the following information available to Forest Service and other meeting participants at least 30 days prior to the meeting:

• An operations plan for the year in which the meeting occurs, including planned outages.
• A description of planned maintenance projects for the year in which the meeting occurs.
• Any records of non-compliance with the License.
• The hydrology record for the previous year, if available, including any variances.
• Results of any monitoring conducted the previous year.
• Safety reports, including geologic and seismic reports.
• A document that tracks the status of the Section 4(e) Conditions that require action in the year in which the meeting occurs.

Consultation shall include, but not be limited to:

• A status report regarding implementation of license conditions.
• Results of any monitoring studies performed over the previous year in formats agreed to by Forest Service and Licensee during development of implementation plans.
• Review of any planned maintenance.
• Discussion of any foreseeable changes to Project facilities or features.
• Discussion of any necessary revisions or modifications to implementation plans approved as part of this license.
• Discussion of needed protection measures for species newly listed as threatened, endangered, or sensitive, or changes to existing management plans that may no longer be warranted due to delisting of
species or, to incorporate new knowledge about a species requiring protection. Discussion of needed protection measures for newly discovered cultural resource sites.
• Discussion of elements of current year maintenance plans, e.g. road and trail maintenance.
• Discussion of any planned pesticide use.

A record of the meeting shall be kept by Licensee and shall include any recommendations made by Forest Service for the protection of National Forest System lands and resources.  Licensee shall file the 
meeting record, if requested, with the Commission no later than 60 days following the meeting.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 
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Condition No. 14 - Consultation Group: The Licensee shall, within 3 months of license issuance, establish a Consultation Group as follows.

Purpose

The primary purpose of Consultation Group is to provide a forum for the Licensee to consult with resource agencies and other interested parties on the following:

• The Annual Meeting as described in Condition No. 13, Consultation. To the extent topics covered in Condition No. 13 affect project-affected areas outside Forest Service jurisdiction, consultation with
appropriate resource agencies on those same topics will occur at the Annual Meeting, other Consultation Group meetings, or as otherwise agreed with the Licensee and appropriate resource agencies.  
License shall provide copies of the meeting materials to those who request it.
• Plans that are developed as required by the new license and plans that require specific consultation processes during implementation.
• Proposed temporary or permanent modifications to license conditions.

Licensee shall also provide notification of license compliance deviations to the current members of the Consultation Group.

Decision Making

The Licensee will ensure that the Consultation Group reports its recommendations to the Forest Service, South Carolina Department of Natural Resources and United States Fish and Wildlife Service.  The 
Forest Service shall be responsible for final addressing matters covered by the Section 4(e) Conditions. Other agencies shall be responsible for final decisions within their jurisdictions.  Licensee shall also 
ensure that consultation, permitting, and any necessary approvals within the jurisdiction of other agencies are completed.  Licensee shall implement license conditions as approved and directed by the 
Commission.

Participation

In addition to the Licensee, Forest Service, South Carolina Department of Natural Resources and United States Fish and Wildlife Services, Consultation Group meetings shall be open to any organization or 
individual that notifies the Licensee in writing of interest in participating in the Annual Meeting or Consultation Group meetings.  The Consultation Group should establish mutually agreeable process 
guidelines for conducting effective and efficient meetings no later than 1 year after license issuance.  Each organization or individual shall be responsible for providing notification information to the Licensee 
and shall be responsible for keeping current a single point of contact for purposes of notification related to the Consultation Group. If a participant is interested in a particular meeting or topic, the 

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 
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Condition No. 15 - Approval of Changes: Notwithstanding any license authorization to make changes to the Project, when such changes directly affect National Forest System lands, Licensee shall obtain 
written approval from Forest Service prior to making any changes in any constructed Project features or facilities, or in the uses of Project lands and waters or any departure from the requirements of any 
approved exhibits filed with the Commission.  Following receipt of such approval from Forest Service, and a minimum of 60 days prior to initiating any such changes, Licensee shall file a report with the 
Commission describing the changes, the reasons for the changes, and showing the approval of Forest Service for such changes.  Licensee shall file an exact copy of this report with Forest Service at the same 
time it is filed with the Commission.  This condition does not relieve Licensee from the amendment or other requirements of Article 2 or Article 3 of this license.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 
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Condition No. 16 - Surveys, Land Corners: Licensee shall avoid disturbance to all public land survey monuments, private property corners, and forest boundary markers.  In the event that any such land 
markers or monuments on National Forest System lands are destroyed by an act or omission of Licensee, in connection with the use and/or occupancy authorized by this license, depending on the type of 
monument destroyed, Licensee shall reestablish or reference same in accordance with (1) the procedures outlined in the "Manual of Instructions for the Survey of the Public Land of the United States," (2) 
the specifications of the County Surveyor, or (3) the specifications of Forest Service.  Further,

Licensee shall ensure that any such official survey records affected are amended as provided by law.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 
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Condition No. 17 - Signs: Licensee shall consult with Forest Service prior to erecting signs related to safety issues on National Forest System lands covered by the license. Prior to Licensee erecting any other 
signs or advertising devices on National Forest System lands covered by the license, Licensee must obtain the approval of Forest Service as to location, design, size, color, and message.  Licensee shall be 
responsible for maintaining all Licensee-erected signs to neat and presentable standards.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 
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Condition No. 18 - Invasive Species Management: Aquatic Invasive Species Management and Monitoring Plan

Within one year of license issuance, Licensee shall develop an Aquatic Invasive Species (AIS) Plan that meets applicable State and Federal laws and regulations.  The plan shall be approved by Forest Service 
after consultation with US Fish and Wildlife Service. The applicable State and Federal resource agencies shall be responsible for making the determination as to whether the AIS Plan complies with the State 
and/or Federal regulations of their respective agencies.

Public Education Program
The AIS Plan shall include a public education program, including appropriate signage and information pamphlets at designated public boat access. The following shall be addressed:

• Draining water from boat, motor, bilge, live well and bait containers before leaving a water access site.
• Removing visible plants, animals and mud from boat before leaving waterbody.
• Cleaning and drying boats and fishing equipment using accepted protocols for the prevention of all AIS before entering any waterbody area.
• Disposing of unwanted bait in trash, including earthworms.
• Avoiding the release of plants and animals into a waterbody unless they originally came from that waterbody.

AIS information shall be included on Project websites that provide public information on Project facilities. The public information website will also include information on the amphibian chytrid fungus.

Best Management Practices
The AIS Plan shall specify that Licensee is responsible for developing BMPs for individual Project O&M activities, performed by Licensee and/or its contractors, which activities have the potential to introduce 
AIS into a Project reservoir, to prevent the spread of AIS, and submitting them to Forest Service for review at the Annual Consultation Meeting required in the FERC license.

Development of BMPs for Project activities shall include but not be limited to the following:

• List of AIS with potential to be introduced.
• Control or preventive measures for AIS.
• Identification of critical control points in the Project activity sequence at which to prevent the introduction of AIS.
• Any necessary implementation monitoring for potential AIS to ensure BMPs are followed.
• Actions that will be taken if an introduction of AIS is found.

If invasive aquatic species are detected within any reservoir or river, Licensee will consult with the appropriate agencies and institute an appropriate plan of action.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 
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Condition No. 19 - Special Status Species: Biological Evaluations

Before taking actions to construct new project features on National Forest System lands that may affect Forest Service special status species or their critical habitat on National Forest System land, Licensee 
shall prepare and submit a biological evaluation (BE) for Forest Service approval. Forest Service special status species are defined as species designated by the Regional Forester as sensitive species or species 
of conservation concern.  The BE shall evaluate the potential impact of the action on the species or its habitat.  Forest Service may require mitigation measures for the protection of the affected species on 
National Forest System land.

The BE shall:

• Include procedures to minimize or avoid adverse effects to Forest Service special status species.
• Ensure project-related activities shall meet restrictions included in site management plans for Forest Service special status species.
• Develop implementation and effectiveness monitoring of measures taken or employed to reduce effects to special status species.

Annual Review of Special-Status Species Lists and Assessment of New Species on Federal Land

Licensee shall, beginning the first full calendar year after license issuance, in consultation with Forest Service , annually review the current lists of special status species (species that are Federally Endangered 
or Threatened, Proposed Threatened or Endangered,  Forest Service Sensitive, or Francis Marion-Sumter National Forest Watch Lists, and State Threatened or Endangered, State Species of Special Concern) 
that might occur on National Forest System lands, as appropriate, in the Project area that may be directly affected by Project operations.
When a species is added to one or more of the lists, Forest Service, in consultation with Licensee shall determine if the species or un-surveyed suitable habitat for the species is likely to occur on such 
National Forest System lands, as appropriate. For such newly added species, if Forest Service determines that the species is likely to occur on such National Forest System lands, Licensee shall develop and 
implement a study plan in consultation with Forest Service to reasonably assess the effects of the project on the species. Licensee shall prepare a report on the study including objectives, methods, results, 
recommended resource measures where appropriate, and a schedule of implementation, and shall provide a draft of the final report to the Forest Service for review and approval. Licensee shall file the 
report, including evidence of consultation, with the Commission and shall implement those resource management measures required by the Commission.

If new occurrences of Forest Service special status species as defined above are detected prior to or during ongoing construction, operation, or maintenance of the Project or during Project operations, 
Licensee shall immediately notify Forest Service. If Forest Service determines that the Project-related activities are adversely affecting FS sensitive or watch list species, Licensee shall, in consultation with 
Forest Service, develop and implement appropriate protection measures.

                               

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 
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Condition No. 20 - Erosion and Sediment Control and Management: Within 1 year of license issuance, Licensee shall file with the Commission an Erosion and Sediment Control Management Plan developed in 
consultation with Forest Service and other interested parties, and approved by Forest Service that will provide direction for treating erosion and controlling sedimentation within the Project and Project-
affected National Forest System lands during the term of the new license. Upon Commission approval, Licensee shall implement the Plan.

The Plan shall include at a minimum the components included in the referenced by this condition, unless otherwise agreed to by Forest Service during Plan finalization.  Minimum components include, but 
may not be limited to:

Erosion Control Guidelines for Existing Project-Affected Areas

• Methods for initial and periodic inventory and monitoring of the entire Project area and Project-affected National Forest System lands to identify erosion sites and assess site condition for each.   Periodic 
monitoring and inventory will include recording effectiveness of erosion treatment measures, and identification of new erosion sites for the term of the new license.
• Criteria for ranking and treating erosion sites including a risk rating and hazard assessment for scheduling erosion treatment measures and monitoring at each site.
Erosion control measures that incorporate current standards, follow Forest Service regulations and guidance (e.g. LRMP, RMOs, BMPs), are customized to site-specific conditions, and approved by Forest 
Service:
• Develop and implement a schedule for treatment (e.g. repair, mitigate, monitor) of erosion sites, including a list of sites requiring immediate mitigation and schedule for their implementation.
• Effectiveness monitoring of completed erosion control treatment measures after treatment in order to determine if further erosion control measures are needed.  If erosion control measures are not
effective, Licensee will implement additional erosion control measures approved by Forest Service and continue monitoring until the site has stabilized.
• Protocols for emergency erosion and sediment control.
• Process for documenting and reporting inventory and monitoring results including periodic plan review and revision.  Documentation shall include a Forest Service compatible GIS database for maps keyed 
to a narrative description of detailed, site-specific, erosion treatment measures and sediment monitoring results.

Erosion Control Guidelines for New Construction or Non-Routine Maintenance

Licensee shall develop site-specific temporary erosion control measures for each project to be approved by Forest Service for each project. These temporary measures will prevent erosion, stream 
sedimentation, dust, and soil mass movement during the period of ground disturbance until replaced by permanent measures.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 
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Condition No. 21 - Fire Management and Response Plan: Within one year of license issuance, Licensee shall complete, in consultation with Forest Service and approved by Forest Service, a Fire and Fuels 
Management Plan (FFMP).  The plan shall set forth in detail Licensee’s responsibility for the prevention (including fuels treatment), reporting, emergency response, and investigation of fires related to Project 
operations.  Upon Commission approval, Licensee shall implement the Plan.

Minimum components include, but may not be limited to:

• Fuels Treatment/Vegetation Management: Identification of fire hazard reduction measures and reoccurring maintenance measures to prevent the escape of project-induced fires.
• Fire Prevention and Patrol: Address fire danger and public safety associated with project induced recreation, including fire danger associated with dispersed camping, existing and proposed developed 
recreation sites, trails, and vehicle access.  Identify water drafting sites and other fire suppression resources.
• Emergency Response Preparedness: Analyze fire prevention needs including equipment and personnel availability.
• Reporting: Licensee shall report any project related fires immediately to Forest Service.
• Fire Control/Extinguishing: Provide Forest Service a list of the locations of available fire suppression equipment and the location and availability of fire suppression personnel.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 
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Condition No. 22 - Annual Employee Training: Licensee shall, beginning in the first full calendar year after license issuance, annually perform employee awareness training and shall also perform such training 
when a staff member is first assigned to the Project.  The goal of the training shall be to familiarize Licensee's operations and maintenance (O&M) staff with special-status species, noxious weeds and 
sensitive areas (e.g., special-status plant populations and noxious weed populations) that are known to occur within or adjacent to the Commission Project Boundary on National Forest System lands, and the 
procedures for reporting to each agency, as appropriate, to comply with the license requirements. It is not the intent of this measure that Licensee’s O&M staff perform surveys or become specialists in the 
identification of special-status species or noxious weeds.  Licensee shall direct its O&M staff to avoid disturbance to sensitive areas, and to advise all Licensee contractors to avoid sensitive areas.  If Licensee 
determines that disturbance of a sensitive area is unavoidable, License shall consult with Forest Service to minimize adverse effects to sensitive resources.
This measure applies to employee training that is not otherwise covered by a specific plan.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 



61

4(e) Conditions USFS DLA

Condition No. 23 - Non-Project Areas (Keitts Bridge Landing Enoree River Recreation Area): The Licensee will coordinate with Forest Service surveyor to determine location of flowage easements and 
determine Project Area Boundary along with consultation with Forest Service to determine the exact location above the flowage easement in relation to the improvements.
Licensee shall complete, in consultation with Forest Service and approved by Forest Service, a set of detailed construction plans and specifications with drawings for design and construction of a vehicle turn-
around area with parking area for six vehicles and a non-motorized canoe/kayak step down facility along with hardened path from parking area to step down location. The present river access (Keitts Bridge) 
is very steep and unless a gentler slope can be found in the vicinity, steps will need to be designed/constructed to access the river that are sustainable and maintains bank stability.  If possible the 
improvements to the site need to be Architectural Barriers Act compliant. Any recreational signs installed on Maybinton Road, State Hwy 45, per FERC regulations shall be designed in accordance with Forest 
Service regulations and approved by Forest Service.

Before taking actions to construct new project features on National Forest System lands that may affect Forest Service special status species or their critical habitat on National Forest System land, Licensee 
shall prepare and submit a biological evaluation (BE) for Forest Service approval. The BE shall evaluate the potential impact of the action on the species or its habitat.   Forest Service may require mitigation 
measures for the protection of the affected species on National Forest System land.

The BE shall:
• Include procedures to minimize or avoid adverse effects to special status species.
• Ensure project-related activities shall meet restrictions included in site management plans for special status species.
• Develop implementation and effectiveness monitoring of measures taken or employed to reduce effects to special status species.
Licensee shall obtain a special use authorization (Organic Act Permit) from the Forest Service Cultural Resource Coordinator prior to construction of new project features on National Forest System lands that 
may affect Forest Service cultural resource sites. Licensee shall obtain the required special use authorization (Organic Act Permit) prior to any ground disturbing activities on National Forest System lands, and 
the.  Licensee shall file that special use authorization with the Commission. Licensee shall prepare and submit an Archaeological Evaluation for Forest Service approval.

The Archaeological Evaluation shall:

• Include procedures to minimize or avoid adverse effects to cultural sites.
• Ensure project-related activities shall meet restrictions included in site management plans for cultural site.
• Develop implementation and effectiveness monitoring of measures taken or employed to reduce adverse effects to newly discovered cultural resource sites.

SCE&G consulted with the USFS on these preliminary 4(e) 
conditions.  Revised, final 4(e) conditions will be issued by 
the USFS after the FLA is filed with FERC. 
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