
the combined assessrre fit of weight and f requency oi occur-r.encc, i)ivers ity
indices, as described try Mathur t,rgrr), were calcrrlated for eacrr d,rta sr:i. rrsing
all identif iable food cotegories. Tlre ful lnr:ss inrjex .ras def inctJ (l s ih(: wei gh I
o.L_$on0ch-conlents.-(mg)._.0_Ly_j1le-rt_ by the weighr. of tiiaL f isn (q).

Thlee 5dnlpliflg 6pe661ies should'be noted. First, coilections made during June,
July, and August l9i9 wcre accirlentally riiscarclerl; tharef0re, new col lections
were made during those rnonths in 1980. Second, bluegi I I col lecterj i1 July and

.ligtt,]99ller9-!p!*baken Lr:orn -blre'-d*r&-n ,nu
llter;e, at th*jy". The collections were taten-from il;;*ilar Station 1.5 (see
Fig' 1.2, herein). Third, during January 1979, the,:mbiant station was
ice-covered and no collection coulrJ be made

RI SULTS:

'l

Food Composition and Contrasts Between Stations

Food habi ts

-

.: ,v
il ls collected f rom heatecl onrJ anrbient areas of cof f ecn Lake A'

tly di$imilar (Tables B.l and 8.2 and Appendix B.l).
0ifferences in gastropod and llryozoan untilization were nrost prorrounced, tne
former being more predominant in stomachs of fish frorn heaterl dr-eds anrj the
latter more predominant at arnbient sites.ll'Chironornids antl oIher aquatic insecis--,,
appearert'to be more-prevalent in stomachs'frorn ttte ambient locatiorr; ttte 

t -- ' 
' !

differences in utjlization: apparent'ly ref lecteti,simil'ar clirferenCes .in allundance ;
of those:specific fcod resources (Section 7, herein). Another distinction , '/

dLd_

items of nearly equal irnportance at
terresLrial arthropods,

8,3

-::.:-:. ..t.: -. ..-

i.1;',;';;'..,.,:,':,;5 
:,,',..t

between tne two areas was the gjeater rel iance of [luegit_t_lrgl!.lre_heated
station on plant material ancj alqae. Food
,#.-:'.-..*-''e^.*_-_ 

-both heated and anrbient stations includetl:

Ulsrocrtlllgq_S!.:, g[sl f-i -s.ti egss .

Diversity values were calculated to provide a qualitative assessment of feeding
at, heat,ed and ambient locations (Iable 8.3). Those values rlernonstrated that the
diet of bluegills frorn the ambient station were consistently nore rliverse, only
during 0ctober artd November l97B were diversity values higher at the heated

' ,")t,: '
':1:.:i. I j
'::-:l 

''
:.:';.:::.-_'
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Table 8.1. tomposition of the diet of l0B bluegilis collecied fronr tlre heated

:, stittion of Coffeen Lake,.0ctober lgTB-August lgB0. Foort items are' I 
I isted in order of decreasing irnportdnce dccorrling to lheir inrJi'x

.-...9!'signficancevalue.tqeaniotailen9lhwasl?6fr,n,ranqe90-:
154 mm.

I
I

.---f--

I n d-eTffi --TE?fe nT-f r e q u e nc y
Food itemtood item _signif icance __ _qeight of occurrence

Unidentif ied organic matter

Pl ant materi al

Terrestri al Artirropoda

Gastropoda

Inorganic matter

Al gae

Ln l ronoml oae

Mi crocrust acean s

0ther aquatic insects

F i sh eggs

Fi sh scales

Bryozoa

Astacidae

0l igochaeta

55,2

33. B

32. B

16. B

13.0

12.3

11.7 
.

7.6 ,

7.5'

6.3

2.6 .

1.3

t.2

.0.09

3 5.8

I6.3

l4 .0

13.5

5.3,

6.6

2.0

1.1

1.4

2.5

0.3

, 0.3,

0.7,

*0.002

99.8 '

B5

70

77

2l

3?_

,?3

6B

5?
.1.

10
tl,)

22

l'
I

:

l-'
t:

I
l'
l=

I
I
f'
l-

b

2

4



Table 8.2' C<lmposition of the diet of 110 bluegi'lls collected frorn the arnbicnt. station of Cof f een Lake, 0ctober l97B-August :tgB0. Food i r.crns are
listed in order of cJecreasing importance"u..orii'iq to irleii i,:,tcx

' . '' , of .'signf icance value, r'lean totat' length was l 25 **, ,.angc gl.
I 51 mm.

..-_,--.-----
lnoer ot FFftEn-i----Fe r c e nf Ti e q u e nc y

of occirrrenceFood item

Unidenti f ied organic rnatter

Terrestri al Arthropoda

Plant material

ull r ronoml dae

0ther aquatic jnsects

Bryo zo a

Fi sh eggs

i!icrorrustaceans

Al gae

Fi sh scales

Gastropod a

Iriorgan i c matter

0l igochaeta 
.

Astac i dae

54,0

34.?

?3,8

19.6

L?..9

12. r
,

9.1

7.1

6.','4

4'.,7

3.8

2.8

3?,8

18. B

14 .5

5.2

3.6

v.l

5.5

1.0

4.'5

1.5

1.8

1.6

B9

64

39

74

46

16

.tb,
'. t'.;
)l

t)

15

('

99.9

8,5
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Tab le .8. 3. . l.lonth l y
;!. !. .: heatgd

j

diversity
and ambient

(D) of the diet. valucs at
stations in Coffeen Lake.

=
l=

-:.,1'

t-
:: :,'

l'
!:,

Date
Oivers i ty (0)

l{eatilf--_---l[toTent
:- -l-

T.

T.
.:l
I

..

l'
l'
I

]0ct.1978 ,:

ttt'm,,..iito7g

Jan. lgt'g'::::{'

Mar.1979

iilay 1979
,, t:.','. :\

, Sept,,,197:9,'.,,;,,
' a,. ,..,...- . . .,, i,: '

,,.'June I980

July l9B0

: Aug. 1980

1.99

i .93

t.tB
:

t.2B

r ,Er
', ::i,

1n.78,
,:: 

-r.,: .

t:2,3
:

2.27
.

1. 95

l::'4 6

0.56

*,

I 55

2.46

t.84

2,08

2.77

2. 0B

l'

. '. ,.:
'!;=.t,:. i:',,..-.,',.' :'.
I-) :.,.!'.ii ;,, '

t!) ,' '.

ll,t '':'
.-:,.:1 : ,,t.

a':,':- :

-. aaa::"a+- ,a- '.

*no col lection, ice covered
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fuasona I Var i dt ions i n Di et

Ourlng llovember and Jantrary, util,ization of Lerrcstr'ial :rrth16pe{5 try ijluegi I ls
.|{as.,Very 19w at both the heoterl anrl.ambienl sLat,i0ns; in ilre absencr:-of ffrat
f ood resource the percerlt composi't ion of inicrocrustacedris and Jrl dnb indtrlr'i,: I

increased sltarply (Fl g, B.l and Append j x B'.1 ). In spring, (t'tarch ancl Ha'y) f i s'h,

eggs became the principal foocl item at both the heaterJ and a,nbient staLions,
Fish eggs appearerl in the diet in l,larch at the heated stat ion trut were not founrj...
until'May at the ambient station. Bryozoa became a predoroinarrt food itern.
beginning in l4ay anrl became increasingly irnportanL througlrout.June and July aL

the ambient station (Appenrlix B.l ). 0uring the surnmer months (June, July,
August) ternperatures at the heated station (Appendix 3.3, herein) cfLen exceeded
the upper avoidance temperature (33'C) of bluegi I | (Beitinger anrl t4agnuson

1979). During this time gastropocls became the predorninant food itern of
bluegills front the heated statjon, but werc rnuch less irnportant at. the arnbienL

station. Principal food items at the ambient station tluring the sumner monLhs

were chironomids and bryozoans. During August, utilization of gaslropo6s,
chironomjds antl bryozoans all decreased sharply anrl were rep)aced by terrestrial
arthropods and plant material at both stations (Appenrlix B.l ). In t[e auLumrr

(Septernber and 0ctober), the cliet was sirnilar to tlrat frrtrnd in Auqust, as

terrestrial arthropods and plant material were the predorninant food items.
l{owever, gastropods and bryozoans were nearly absent from the diet rlurirr3
a ut urnn

Feeding Intensity

tmpty stornachs were uncorrnron jn tiis study'as .|.0 
and 4.5 percent, of ilre

stomachs from the heated and ambjent stations, respectively, werc empty. To
^ 

j .: . i''
further investigate differential feeding rates at the two stations, a fullness
index was determined for each specimen and rnonthly means were Lestecl using an

Approximate t-test (Parker 1979). Stomachg o_f bluegi I I frorn the heatect stat ion

rygls!-riu jl- r-q3IlLvJ l 1Q,9-il-rer e- -!ee 
g 

9 J 19 ]_gllt :gtf i l g- tttI,(@'-ru1

l,

tical difference between stations for the other s.ix months,
.-#;. _

: .{!: . j

8.7
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Seasonal f luctuationa.-in util izatiort of selectecl:nra jor food i tenrs
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,tlJuegi lls f rorn lloth heated anrt amb jent are0$ of ilof f eerr Lakr: cons,;rncrJ

substant i al quant i t ies of terrestr i al artlrropods . lkrwever, that cloes not
necessari ly imply that bluegi l l s wera uLi l i zing tlrat resour'ce because

autochthonous foods were scarce. Sevnral factors may lrave contributed to the
extensive use of terrestrial arthropods as food by bltregill. First, overhanqing
forest vegetatjon domlnates t'he Coffeen Lake shoreline antl thus provirles an

interface between aquatic and terrestrial ecosysterns. Second, the feerJing
Sehavior and morphological adaptations of bluegil ls (Keas! ancl irlebb 1966)

augrnent that fishrs potentjal for capturing those types of prey. Third, ilre
,opportunistic nature by which the bluegill feerls suggests that the'rnost aburrrjant
and accessible food resources.,are readi ly exploifed. For instarice, bluegi l ls
examined in this study f rom the Septemller col lections contairred enornrous

quantities of aphids, almost to the exclusiorr of all other food iterns.

Food habits of bluegills from Lake Sarrgclrris (Sule et al, lg|l), d cooling lake

. ''. in nearby Christian and Sangamon counties, differed from that of bluegills
examined in this stucly. tlluegills fronr Lake Sangchris relied morc heavily upon

tnicrocrustaceans, cltironomids, and other aquatic arthropods bluegi lls, wirereas

bluegills frorn Coffeen Lake exhibited a muclr greater preferencc for terrestrial
arthropods. In addition, gastropods, bryozoans, and fish eggs, al 1 important

j ::','components of the diet of Coffeen Lake bluegills;:w€r€ not found in stomaclrs of
,: ,,. bluegil I from fike Sangchris. 'Bryozoans have been consiclered to be of l itile

. ',:'. relative importance in the djet of freshwater fishes; however', Applegate (lgiB)
t', .": founti thern to be a predominant sumrner food item"of biueqi lls in: Bul I Slroals

Reservoir.

-:, ,:Differential feecling intensity'of bluegills has heen investigaterl in a cursory
manner in other cooling lakes. Sarker (1977) and Sule et al. (igSl) found that

locations as opposed to ambient locations. That same trend held true for this
investigation: Both Sarker (Ig77) and Sule et al. (l9Bl ) suggested that
bluegills'in heated waters fed more frequently because of higher dlgestive and

r' ' metabolic rates. However, medn Fullness Indices calculated for this study werc' 
:--", :'-"-'"' t'r:'::!::::vIl'":"_^""1"."",-.-'--lquuu I vr ",!



signif icanily trigher (p<0,0b) at the heated s[,]Li0n for only two of eiqhr
csl lect iqn dates.

As reporte<l in Sect ion 7 (herein) bexthic f oort resou
.at *g!is1 i, rn addition, tr,u'*uj#ffi#;;'fr|ui;f;:jt;fftl'l- !l: :l-:'
cormunity, oligochaetes, v{as rarely utilized as food by bluegills. Thus,
bluegills from the heated station necessarily shifterJ to ottrer^ rooo.eso,.rrces,
some of which have been reported to be of limited value, i.e., alqae (Kjtctrell
and l'lindell 1970). Beitinger and Fitzpatrick (19t9) stated that blueg,t,r,u
rratural populations are often food limited and fish under such corrstraints can

".reduce 
maintenance metabolic costs by seeking lower.'water ternperatures.

\ However, in Coffeen Lake, intra- anrl interspecific conrpetitiorr for food an<jqi vrrlPcLrLlvll lul I

/ space is probably so severe that many fish were unable to occupy preferrerl
\-lenrperature reg irnes . Mrr] t'i p l e f acjoE_!S!ilqJ!9_t9j-sl1g-f_!_U_p_r olg[ly
ry.'tr@'. (r".il' iu]],.,^.'i'^
Cof feen Lake. However, two of tr,e rnotEl;poffarit f actors l,imit inq ilre grt.rwth
anrl affecting the body concrition of coffeen Lake brue(ilrs were olg_rjjx_gon
quarrt i tv oi'thi Iai r v r"3!ullg ur._g]ij_tgg r_a$_"q|ill,uiffffil
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FOOD I{AI}ITS OF FIRST YEAR IAROII'IOUIII BA5S FROI4 IITATIO
ANO AI4BIENT AREAS OT COFFEEN LAKT 

_

by

0ennis L. Newnan and Lance G. perry

ABSTRACT

Stomachs of 90 young-of-the-year largemouth bass, collected month'ly frorn June
through September in Coffeen Lake, were examined for foo<l content. First year
bass were primarily insectivorous during"the month of June but transference to
piscivory was cornpleted by July. The rJata suggested that a piscivorcrus diet
cornmenced at about 70 mm for most indivicluals ancl Oorosoma sp. were preferred
over other species as prey. Specimens collected from the heated area in
September had apparently only consurned insects, whereas those colJected from
ambient locations on that date exhibited a more typical piscivorous diet. Food
competition between first-year bass and bluegills is probably negliqible in.
Coffeen Lake since piscivory becones the prertominant feeding strategy early in
life for bass while bluegills retain an insectivorous habit throughout life.
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Ihe suitability of an aquatic habitat for survival and growth of fishcs is
'largely rlependent upon t.he quantity and accessability of srritable foorl iterns.
This'dependencyismostpronouncer!duringperiodsoftransitiontocXogenoUs
feeding, and, for piscivorous species, rluring ilre trarrsition frorn the
!nsectivorous to the piscivorous feedlng mode. Growth of largemouth bass in ,

Coffeen Lake is known to be quite rapid once a length of 200 mm is reache6
(sect ion '15, herejn), but the growth rate, and thus feeding success, of smaller
individuals was uncertain. A high density of srnall sunfishes (Leoomis son.) in
c9 fi931 lak g, i n-c l u du.e__r *Gi,ireg_biwe r_i'-ll 

" : 
y q* *; " i r.t. "rd; ;; t i ;;

@1 e s rn a v e x e r ! J omg qgls-U gl:r_t : 
-q u-s1oy!!10-f-l_r; h.e s

ut-i]ij]Lg*!!ut-.9:9!I.o. Since young lar"gemouth bass and bluegiIls cornmonly
inhabit shallot{, near-shore Iittoral areas, ari investigation was conrluctetJ to
ident'ify anrl quanf ify food 'items ut jl ized by bass rluring 6eir f irst year of 

'

life and to compare their feeding habits with those of bluegills in Coffeen
Lake.

. 
I,IATERIALS AND METHODS

Ten to twelve young-of-the-year largemouth bass were collected from heated and
ambient areas of Coffeen Lake (Section 13,'heiBrin) by electroshock.ing at rnont5ly
interval s from ,June through September. r,'Al I col lecting et'f orts were conclucted at
mid-day. specirnens were placed on ice in the field, weighed, measured, and
stored,,,in 1Ofl formal in urtti I anal yzerl. Stomach contents were removed ancl

:
we-ighed to the nearest 0.1 mg while still moist anct sortecl into:categories under
a dissecting st,greomicroscope. Percent frequency of occurrence and Ou..u^, 

-

'weight .('nlindel l'' anrl Bowen l978) were calculated for each f ood category.

lr{TRo0ucT tOil

I
I
t
l,

l.
.

l
T

i

I
I
l,

9.2



Rtsrtl'is 
^fit) 

0 lcf il5s t4rt

collected in greater numbers than Otrrosorna larvae in Coffeen Lake and t.lrey were

Stornich contents of 90 young-of -the -ycar largem+utl: tr.r:.E were cxarninerl.

Princ'ipa.l food items included f ish (Lepomis spp. arrrl {hr-osornrr 5!t. }, aquatic '

anthropods (prirnari ly clrirortomirls and zygopterons), anrl tcrrestr iol artlrroporis.
The diet,of f irst.yeat bass ln Coffeen't-ake shifted f ro,n nricrocrustaceaos anr!

aquatic arthropods to'an almost t0tal reliance'on fish as bass jncreased in
length. Younf I argemouth bass appar'ent'ly prref errerl'&lgrqng sp, rather than

Lepomis spp, as prey as evidenced:hy an ovqrai'-1, greater frequerrcy of occturrencs

and greater percentage weight of the forrner. tlowever, Lepomis spp. larvae were

:found to be more concentr'ated in near-shore areas (Section 1C, here'in),, ,l 
,

:suggesting a greater availability:as prey. No'netheless, it appears'that-yortng '

bass in Coffeen Lake avoided Lepor[is spp, and selectecl Oorosqrla as tlre principal
prey-f ish. In'Jcrst Point'Reservoir, Alabarna, young lar^gemout.h bass,also avoicled
.tiluegills, but as' length of bass increased bluegills were consurncd with,nc '

se]ectionoravoic|arrce(Iimmonset.a|..l9B0;..:

First year.bass from the June col lectjon were primari ly insectivorous. Stofirssit5

from the ambient station contained chironomids, other aquatic arthropocls, arid

rnicrocrustaceans (Table 9. 1 ). The riiet of bass f rorn lrerted' areas was s l ight ly
rnore diverse and one fish had begun to proy on fish. St.ornach contents of
,bluegi,'ll'col'lected during June revealed only a slight overlap in foorl items
.between,,the two species. , Bl.uegi I I f rorn the !_e*Aled :te!t-o11_Q-o_115!1ned ndLly 

:

. .: ; **-i---._----.*::-"'-*--
terrestrial-artlugplds- and qastropods, wh'ile blueqi il f rom amb'icnt areas f ed.u.€ _+4-:JL---' _-:--...:..1,11-

F,.lrg.'rIj9l-!rrggqlL$g-sJti'ong'jsj].(sectiona,r.u'*lni:-_-**=^=

By the fime'the July,sarnple of young bassrwas collecterj, the transfer to
piscivo,l.y was ccmplete. [xcept for two specirnens, f ish were found in every, '

.lstomach ,which contained food (Table 9.2). Fislr cornpr''isecl 97 and gB percent of
..

,,the.'tota'l we-ight"of food items'at heated and ambient stations, respectively. It
,,appeared that the piscivorous'diet commenced at approxirnately TOrrm total Iengtlr

"-'in'Coffeen 
Lake and that f ish immecliately becarne the rlominant food r".sour.el, '

.- Largemouth bass from Lake Sangchris began:,consuming f istr at B0 mrn lola.l ,'length 
,

i !::'
a1

. .a_
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but insects remajned,the principal foorl item unril l4onm total lcnr.;ilr {.sule et
a1. l9B0). In Pickwick Reservoir, Iennessee, first year^ largernouth bass hoqan::preylng upon'f ish at 20-39nm ('larden anc tlubert lgB0), but thc shi f I r.r:

piscivof! e{ds,:ilrore grodual in that lake than iL was in coffeerr l_akti.

The djet of young bass col'lected in August was essentially unchinged frorn lhal
of July; Dorosoma sp. ard unidentified fish comprised the bulk cf the diet
(Table 9.3). Ihe food of bass from the Septembr'r collection cJiffered slightly
frorn previorts nonths. however'. 0orosoma and unidentified fislr renrained the
preclomi nant f ood i tems at the amb ient s l,at ion, but yoirng l:ass f ront the heaIed
stat"ion cons,rinred no f ish and fed primari ly upon.terrestrial arthropodsr (Taole
t.+): Such an int.erruption ir't piscivorous feeding is rlnusual as evidenced by

other investigations {r-opova 1957, Timrnons et',al l9B0) and rna.T,have been a .

temporary and. localized occurrence in Coffeen.Lake. t*cnetheless, the tirning of
the interruP_LlgI suggests that the sustained high summertime water ternperatures.- -.i.. ..

I
t
I
I
t
t
I
I
I
I

iL-!g:-[g{!"d.-efgg-g-l-Etq.]_*s--ryrsy*l-q.ye.!-nLr"ugnlgd prey-f ish distrinir-ti9!.gn,l
abundanceeither'directlyJ.l.u9g9un-alai9:n.qg.qt.tIg_tr!'g!t..tsgp..qLq-t*vI9l,.'aI
.-..--.#-_

ilai@tly through a lacl< of suf f i,cient cover "or f orage it_gqs. A relatively low
&.,.-'*r.*.--.* *--*1**^---*-al

condition of young bass froni heated aieas was found in fal) samples (Section 15,

herein) anrl probably reflects the limiterl prey-fish availability at thaL ti,ne
and location.

Althouqh young.bass Jnd bluegills typically cougreoate in littoral areas rlurinq
the grorving sedson (Keast and |^lebb 1966, Section 13, herein), fooo cornpetition
between the two species is apparently negf igihle in Coffeen Lake because of the
early,transfer to piscivory among bass while bluegills:retain'a prirnari !y
insectivorous feeding strategy throughorrt I ife (Section B, herein). ln
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addition, the rrqid growth rate of I,irlt yealla1t (Section 15, herein) ipp_l_iel*
tlatjggdfng*dynamics are not critical f actorrs I imit.ing the success of the
popUl ation.
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Table Food of young-of-the-year I argemouth bas*,
ambient dreas of Coffeen Loker June 1980.
given in parentheses. l',lean TL' = 4&nm and
ambient, respect lve ly.

from heated and
Sample size is

3&nrn for heated and

Food Item

Heated { 1 2)
Fei-cbnT*frequfncf - - -' t'
of occur"rence : btt .

Anbient (l I )
Pe-rc-enl ]iequ-ericv- ' t
of occurrence iJt.

^+;+:#*.-
l{ i crocrust aceans

t-,

Ch i ronomi dae

0ther Aquat ic
Arthropods

Terrestr i al
Arthropods

Plant material

Fish ..
Lepomis spp.

:

Unidentified
organiC,matter

58

75

4?

5,0

5.7-

?4,5

0.5
,

1.9:'

58,0
.

4,9

9l

9l

45

0

0

3?.7

37.?

28. rt

0

0

0

1.5

0

I8

B

58

I 00.0 r 00.0

oq



Table 9.2. Food of young-of -the-ye.rr largern+uLh trars t ri;n hea.L*rl ,lnd
, - lmbient lreai of Cof f6en Lake; &ty: !g*C. ilean I,. ,l tjion un,t
,,. : l*nt-for heated antl :artlent ar'e.rs,-!'€rpte tivel.v. Saorpla sirt

i s gi ven in parentheser, .

I
I
t
I

Food ltem

Heated ( t0)
F--LJ*PerTenfTFffi&fr-----T-.
of ocr.urrence tlt .

Ambieat { 10)
€''ce;FTGqG-rZf.**Tl
of occurrence ft.

I
TChironomldae l

Otlrer aquat i c
arthropods

Fish :

Lepomis spp.
ffia sp.
uil'TilEfr'tTf ied

Unidentified
organlc rnatter

l

Inorgan ic mat,ter

0

0

0
33
78

7B

t

0

ll
33

0.?

0. fi

6

7.0
42.t
53.9

n.?

0.,8

0
40. {
56.7

2.9

0

1l
ll
7B

li

2?

I
T

T

I
I
I

I 00,0 r00.0

:':,

T

I
I
I
t
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Iable 9.3. Food of young-of -the--vcar largeru;ilrh l,..r5s f rofn hcar-r:rl arriJ

' I ' , amblenl i,.eai of Coffeen Lake], Auqult ig$i:. !,tean TL = lgTn=.: .

, '. size ls glven ln parentheses. ',' ::

Heatect ill)
F--_- . 

r.d+

Pei c ei'f-Tr equenc t-- - T'
Arrrbiont (12)

tre r c^e nT-fFe}l rre @.-_* JFood Item of occurrence t{t . 0f occ$rrence tJt.

2?

0
33

55

Ulhsr aquotic
arthropods

Flsh
Oorosoma sp.
iln'Til6nffrteo

Unidentif ierl:
organlc rnatter

1.0 0.?

l,
I:
='l'
t,

0
98.0

'! .0

l/
5S

!ttt

85.4
33.3

:

1.0

I 00.0 100.0

l' ,'
I",
:::11:! 

ttl

l,''I:'','.
:-.), 

.'.'
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:', ::.,, Jab!e 9,4, ' Food of young-of -the-year I nrflemout4 basl f r-orn heate{, dnd: ' .'' , amblent areas of Coffeen Lake, Septernber !980. lbarr IL'. ,

,, ..i t' 
Ja8n1n and lZ4rnrn ftrr heatrld and.arr*rient. areas, re:pectively.
Sample size ls given 1n parentheses.

.:
:l

. -:-;--1----:::- Heated Ll2J-- Antrient (l?)-
rffc?ffi *-"{ 

Irercen"t-TiEiilbliT.t --7-
Food [tem' ' : of occurrence I,Jt. of occurrence ft.

: .'. j

Otheraqrratic 33 II.? ZZ 0.2
dr thropod s

.trthropods

:' Fish
iCpoqilspp. 0 0 lt zz.o

:-.,, Unidentif ied ll, .3.3 0 0
, i organic matter '

:,.1::'

r',
l,

t
I
I
I

I 00.0 r 00.0
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ABSTRAC I

A quantitative ichthyoplankton study was conducted during the spring and surnne.
of l9B0' The general objective was to determine spatio-Lemporal var.iations in
relative abundance of larval fishes in order to'more thoroughly assess the
potential i'npact of entrainrhent, During the course of the study 89,563 larval
fishes were collectecJ; four taxonomic groups were represented - Lepornis spp.
(67.9X): O,orosoma cepedj_ell4 (31 .B{), lo-mou: annular-il (0,:Zg), * G,lgL 

.'

+eto 
(two specimens). {1.|ijfll !ry1$en! of dsta indicaled ural oensities

j'].9.einthei1!ake!-|qq,''!.9|'9n9.t.!.!gnj|i'can!-ly...
?Trriltn r- ri-fi*den s i r'i;; .oll e;GA; r-;;;bn._:ni r"*r;: l i ri, r., o r, i 

^ 
il u," ti,o.ru r#.'_.%

t"sy., t[.o?.y gg'nglgrr_llS*!_Uljle-.!grju"l p9p9r_ g!qrion intake irea was nor
tlljl91iil!g!.*tl!egi-{-j.[PJctflf-lrgx-tpgcjss.,, A conctusion or siAn'ar\
importance'was that the ambient area'of Coffeen Lake (an drea far removed f,:o,n]
the co'oling water intake):supporterl significantly higher densities of q:pogis I
sPP', Dordsoma', and pomoiis- larvae and therefore shoulrl be cons.iderua,r *:ol. )fish nursery area ne spatil distlib larvaJ*fjshes _,taf_gpjglgntly/.ir:flfL_?f!!: !.hermal gradient in*llirJgrre__as__densft.ies of. .lany-ae._ioE-.i-q-eq

ry:iUgsx{.r::i@!3.Lge -,, spawn i.n "; !r,;rr: r;;:'.;;@"'9. ;,ilir. .rrl;Ga-bt"til;il;ll'.0"; rhe initiat'.. r ro.;;.0
began first at the heatect stations; the peak spawn occurred at the same time in
both heated and ambjent locations, but the duration of spawning was more abrupL
at the heated stations

a;lt)
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Assessing the ecological impact of entrainment losses on fish communjties hds
proven a'difficult task, pri$arily.because of irrtrinsical ly Iarge variabi lity
J,e.ar-class strength and stock recruitment (Voigtlander'lgB0), Sre common.
approach has been to estimate the numberof adults which woulrJ have resulted
from the entraitted 'larvae (Goodyear lgi8). l-lowever, it was bel ieved more
important to investigate the relative abundance of larval life stages. fhus,
comparing'tarval rlensities lakewide we Here able to determine the relative
"biological productiv.ity" (EpA 1979) of the cool.ing water intake ar-ea.

Quantitative ichthyoplankton surveys have-'previously been employed for
assessment of a number of ecological problems such as determining species
distributions (Storck et al. l97B), predicting year-class strength (tternpe)

1973), predicting entrainment tosses (Cloutman ancl Edwards lgZi), and estimating
larval fish population densities in lakes (Forney l9i5).

The general objective of this study was to rleterrnine spat.io-ternporal variatisng
in abundance and species composition of the larval fish community in Coffeen
Lake. Specifically, we attempted to assess the irnpact of entrainment l0sses,
compare ichthyoplankton densities in the intake and non-intake areas, and to
delineate locations in the lake which may have served as nursery uruu..
Secondaryobjectivesweretoexaminethe.synchronyofcatchesforeach
rpopulation to determine if spawning times varied between samp'ling sites ald to '

deLermine if the distribution of ichthyoplankton was related'to the'thermal
grad i ent .

ln
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lChthyopl-ankton col'lections *cre'mdde at -l ,-lay inlcrvals {!!,,rirrg rlayl iglrt horrrs
from 27 l'larch to 20 August l9fl0. Collection siLes for Lhis investigation rlid
not necessarily correspond to those selecterl as maJor srtmplinq stations for
other Coffeen Lake studies (see Section I, herein). Raiher, stations for ihis
investigation grere selected in order to sample cliverse habitdL types throughout
the thermal gradient anrl as complimentary c0llections to the cntroinment study,
Description of sarnpling sites with respect to heaterl cnd ambient dreas, cteptns,
anrl habitats is included in lable 10.l, and sanrpling sites are oepicted irr Fig..|0.r.:

Larval fishes were col.lected with paired side-towerJ trearn nets as 4escribed bv
Graser (1977). |.lith thi s'sampl ing systern no rret bridles are used ,anrj',the

depressor is in the same vcrticol plane as the net opening; both of these
designs are irnportant in reducjng net avoidance by fish. The nets were 0,5 rn in
rliameter'(mcsh size = 0.500 mrn) and net length was 2.5 rn. Elevation of the
horizontal towing har, 1.75 m above the water surface, facilitated washing of
the nets, rvlt'ich was completed after each tow. The cod ends were constructed
from 7.62 crn ctiameter rigid polyvinylchloride (PVC) p'ipe; the anterior ends were
threaded, al lowing the buckets to be easi'ly rernoved. General 0cean jcs rnodel

2030 flounteters were mounted in the mouths of each net sc thaL the volurne of
water:fi]teredwas.deterrninedaftereachtow.

t,l

llecause Graser (1977) reported a progressive loss of filtration efficiency at
water velocities less than 1.0 m/sec, and Miller (1973) experjenced specirnen

clamage at speeds greater than .|.34 
m/sec, boat speerl was held at l.l0 rnlsec

during all tows.' Consistent boat speed' *u, accomp'l'ishecl using a 6enerai 1 , "

0ceanics.model 2031 flotrrneter'lowered from the bow in conjunction with a General
0ceanics model 2035 florrneter readout, positioned in view of the boat driver.

Samples h,ere:preser:ved in 101 for*u'l'in,' returned ,to itre :laboratory, sorted ancl

stored in 5i6 formalin.' Larvae were, iclentif ied according to Hogue et al. ,(i976):,
an-d enqmerated. Polarized stereornicroscopy was uti lizeci for viewing speiimens-'

r 0.3



Table l0'1, The depth, duratlon, habitat type, antl thcrmal char.rct.eristlc of cactr
,11r.':,. samp'lin9 5ite ln Coffeen Lake rJuring the spring and surmer'of 1g${].

Sarrnl ing
Sltes,' 0eptlr l'labitnt Type

Thermal
Character i stics

Total
Durat ion

:. :

a
L

?v

A

:-6
7
a

oI

Surf ace

Surface
? met'ers
Sur face
2 meters
Surface
5 meters
0bl ique
(5n & up)

Surf ace
2 me'ters

Surf aCe

Surface
2 meters
Surface

:

Su rf ace

Surface
Surf.ace
Surface

9

10

1l
t?
13

14

15

I6
I7
1B

min
nii n

min
m'in

min
;

fnl n

rn in
min
rnin
rni n

Shal 1on, cove
Mi d "l ake

Mi rt- l ake' '

Intake cove
Intake cove
Intake cove
Intake cove
lntake cove

Mid-l ake::
|'1i d-l ake..
Shal low cove
Mi d -l ake
I'tid-l ake

)nore I r ne
(larg€,cove) , '

Shal low shorel i ne

t'li d-l ake
Sh al I ow cove
Shal.l ow 'shore I i ne;

'. ;mdJor Irl Dutary

Heated, disclrarge
, Heated, di scharge

, lledted, cti scharge
Transitional

, Transitional
:i: Transitional ,

Transitional
Trans it iona.l

Anlr ien t
Anh i errt
/knb i ent
tle'ated

'He at ed

. Heated
', :

Transitionai
, Trans i ti onal
,. Transitional

/tnb i ent .'

arm

drrn

arm

3 min
3 min
J mln
3 min
3inin
3 min
J mln
5 min

l

3

3

J

3
2
J

?

3

3
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Cal;clt rates llere expressed ds numbers of lorvae ptr l0 n3 of watt':r. s<lnplr,,il.
Ihose data werr: subsequently transf'orned to lt:garithrnr in ortler Lo achir:ve hornp-
geneity of variances. Oue to the presence of zero riarues irr ilrc calcrr da[a, one
unit was arlded to al'l data before transfor"mation" Analysis of variance,
l)ullcan's multiple range test and selected sLation compdrisons rvere performed
uslng the General Linear I'h<lels (GtM) procedure of the Statistical Anaiysis
System (SAs) (Goodnight 1979). Two-way analyses of variance were perforned for
each of three genera, lgpolrt, 0orosojE, and porng,(l:; main effects were weeks

'rnd stations. For those analyses the iB sampling stations were grouped into
three lake ternperature zones or areos; llrey were lreated, tr,tnsiLional, and
ambient, as defined in Table .l0,1.

RESULTS AND DISCIJSSION

Ichthyoplankton sampling began 27 March 1980 but the first ldrvae were not,col-
lectecl until 23 April. Larval fishes were taken in each subsequelt weekly:col-
lectiort through 20 August when sampling was terminated. During the course of
the study 89,563 I arval fishes were col lected; representinq four taxorrornic
groups. Lepornjs spp., which included four species (bluegil l, 'qpeu-n sunf ish,
longear sunfish, and orangespotted sunfish) anrl their hybrids accounted for.
60,855 larvae or 67.91[ of the total catch. This represents dn extraordinary
nutnber of l-epornis larvae when compared to other larval fish studies conducted in
central Illinois (Storck et al. 1978, Bergmanrr 1981). Gizzarrl sharl, Dorosoma
cepedianum, larvae accounted for 28,487 specirnens or 31.8% of the total catch.

,'rJh i te craoqi e, Pomoxi s annul ari s, I arvae were rather ur.rcommon, as on 1y zl9
specitnens (0.21 of the total catch) were collected. Lastly, two carp, Cyprinus
carpio, larvae were also col tected. Sl't"g_f1l!919t:y".su.cce!! 9f .q.ar:p .in
coJlee!-Lake-has-b-een--reporte.d,-b0-ugi f-,.n-rte.d.-(.Seii.ion l5; herein), low cai.ches

.o-LE4I!--[aluae-lder3--expected. Largemouth bass larvae were not col lected clurinq
this study, even though'six sampling sites were locaterJ in shallow covcs 0r near
shoreline areas where bass typically congregate. Bass are difficult to collect,
however, because of their diurnal behavioral responses (Fl liott 1976). 'F-urtirer

ana,lyses and discussion rvil I include only the three most commorrly co.llected '

genera, lepomis, Oorosoml, and Pomoxis

r 0.6
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Lepomis spp. larvae wcre f irsL captrrred on 23 irpril ln tlre thennally-;lLirrrid
,:portions,of the I ake, but not '.unti I '2L'liay in the ambient areas. Strrf ace water

.: 'temperatures on the ilates of first capture rangecl from 21.i to 2?.8'C. f_eqOqls.

spp. densities were ltighest on 4 June, when Inean lakewide density equaled }Bj,g
I arvae/ i0 mJ. Densities subsequently <lecreased unt i l 3{1, July when,a second

,,smaller peak occurred (Table 10.2). Kindschi et al. (19i9) col'lected Lepomis

spp. larvae in Rough River Lake, Kentucky from 30 May to 25 Auqust, *itt' u
a

maximum dens'ity of 24.0 larvae/10 mJ reported on il July. Bergrnann (l9Sl )

r the rJischarge arm and 17

.,-June jn the intake arm of Lake Sangchris, Illinois. : i:' '.

,significant week, station, and a week-station interaction rtere revealed by the

. analysis of variance for dens jt'ies of 'larval 
Lepomjs. spp.. (Table 10.3).

guaes{-l .!li p tji!9r-lgrt--qse0$nr&!"$at--Le-qsdsrr sit-les- !y*s!qu!n t!g!-s
..1] .:g^,UfggGLy-iifteren*t alglfllaJ,--nean den!;-Ltje.s-increased-progress-ir-ely-ft9g

lggte_ojgJroqlig1tl_Jg:mb_jfl!-_:!3!j_s!s (Tabie 10.3). Since _rhe mean density
.'-*-...-'..--.-.+i

t
I
T

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

at the ambient_z_one was much hiqher than that of the trlls.Ltj$al zone, whi le
the tempgrq"!g1e-ol*tj-gse-areas--wer4-not-qreatl-y-dissjgilar, it appearsJjL..-1
f actors other than therma_l regime caused tlg--frrtblgrr!_-area-gt --t}re l.ake. t.o_ -be rnore

productive. . :

a+--- '

Selected cornpar-isons among sanpling stations were designed to yielrt more

specific information about.the spatial distribuLjon of Li:pornjs spp, larvae in
.' Coffeen,Lake. Data concerning larval'densities within the intake area were of
,' obvious importance'to the concomitant:entrainrnent study {Section 12, herein).
,.-.Surface tows within the intake cove had significantly higher Iarval densities
il. :
',,,thdn'eitheq the 2-meter (C1) or the 5+neter tow (C2) (Table I0.4).

tutermination of the relative "productivity" (EPA 19//) of the intake area jn
',,,-terms ol.'.larval f ishes is essential. .-,The densi.t'y of Lepomis spp. larvae within

the CoffeCn Lake intake are'a were not:-significantly different frorn'the
,.a : t.. 

,4,

.'!non-intake" stations of similar ther^mal regime (C7) (Table 10.4).
Additionally, densities from the two intake surface tows were cornpared to
surface tows within iust the transitional region (CB) and again no significant

I
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Table 10.3. Two-way AN0VA and 0uncan's multlple rdnge

i, ,, - !€p9!d!tspp. Tests xere performed us'irrg,' , densities shown are the anti logs.

tett for density of' larv*l
transf ormed data, l)ut rrrc,lr,
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34

s94

ANALYSIS OF VARIANCT

Source

[,leeks

Stat ions

I'leek-stat ion
i nteract ion

Error ,

Stat Lon

Heated 
:

Trans i t ional
.

Anbient'

Deqr_ees of Freedom Itlgan Squaie

.7.051

18.273

:

i. I49

0.t52

1,7

2

F -v a l_lle

46. 3r

u9. ggr

:

7 ,54*

DUNCAN'S MULTIPLE RANGI TEST*i

Mean

u. ot)

0.96

5. tl

GrouP i nqt**

f

B

A

.*
'**

:***

Statisfically significant ,at the 0.001 probabtity level
Alpha level = 0.05
l'leans with the same letter are not significanily different
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differcncc uas founr! (Iahle l{i.4j. Ihu\, !.nd, ir:t11:r-, 11t'+.i: .,rt?gq;r;;.1ir..+=-.
n9t 

-an _ire-i o{*l]i,J-tr 
-l -rjyal_ _denriiy. l)if ffrrni,,., lrr:{.-r r,,r r,! !. : jf,ir r ,fri .1 :,: i

thgrrnai ertrerrrs dere dlso er;;riner! an,J larvll irt:i iii.ii, .r, r,, t:.:,rf i | : |,,..

t1U,!.t!-q.41!'lJ Iti-9iiel- l.l--:t!-i.qlt.-t!:qti . r-'r ap!{qr,c.;! r.;i: rr44rr ') .1,,,.1,, iii lrn :.rr; i
COmpar:isun lhrCe {CJi {fabie.}$.4) Contr.i.,f. itl) u*.. "j;.,r,i?,:r:,.i t1; d,;,!ri},lii; fii
heated statioris to all anrbicnt stali0n,,, whg1,,3s I r-{j!1l0.1(j,,i,,i f r;,.r- il.tri i:,thl,i
lii.4] g6xlrasted stations withlr h€itt:d ,rnc ,rnbi,j.ni -rre,l.; .nr:i.:i, rr;re y4r.3.,r;'.,

sinilar.w.it|t,.elpec|tor,1epthandhabiL;[iaqrp!e.t.inrr|rtr:rcq'iipdri5oe,i.

!g8,ntE 5pp. rlen.,it ies were f r.rrrnrl t.o be siqnif icarif l.y fti{Jher flc.}r rrfi{jr+t tq.Jn .ji
rniC-ldke stations (C5!, but no statirr.icai rlrf fer*:'ri,j H.li lct.,tritl 5ei.il':.,:n strf .Jr,,

and ?-meIer to*s {C6i takcn f rom tirri !or rrahir,ats. "llsrr:i r}t a'1. i1:i:ti3 ail:
r'epcried'that tr juegi ll rlensities were .,ignif ictnily \iqher rrrir sirirrc Lh,tn nl
rnid-lAke stAtiOnS, but lte fOu.rrt tlrat hl,lCqill derrri',ies.*rr-t riqnif it;nijv
high":r irr surf ace tows tharr 9,.lbsurf ace trwr nL Lni:1. sh*liryvi)irr, lllrirrr,
Lastly, the t*o surf ace tort fron the.nain br.i,jJ r:f t.ne.rnliio:,.lr. lrrjl itl r,rirn.- ,]

an+. I I ),'*errl compdrpd {C9l ta'ihe qrrrf ace tow col lcf t?rj at '1t jt iorr lt i l,;cett{
naarelt tltr.: rq.rjor trlbutary) , thr: oedn ,len.iit.,y wat ".ir;ni{ ir-ant'} y hillr,tr .il !_rtr

tribrrt'Ary sl.at irin. fcrrsiste{rt;y elev.rtt'd turhi.Jily !evillr at lr* it.tLii-rri ,:ii,;,
the trillrit,try ,rray have CnntrlbUtq{, trt thp rli.,pdr.Jtr} C llcher, hy rr:<Jrrt.i,},t ,re,

avoirJarir.e tf ltrr,.te.

A onrr-wly an,tlysi', of varilrtce xit lrerf ()rned l.,t drtl,:cl. rlif f r.,rgs1qr,', irt ,rrtr:k l-rr

aean rJr:rrsitics of !=gqt-s- rpp. larvacl within seiecf+,J !al,c ,rrrari. :{piii:ly'or.**'
rJerlsitiu'9 of Lepomis- llrvac !{l?re signif rcarrLly iJif fr:r'r:ri'r {ith,i fi tno ltrlJte,J rf-e,}
(Iable 10.5), the arnbiant dreit (Iable t0.6), tnr! ilre int rtp arr:a {T,ul+ }rJ.ii.
lean l,.rrval denrities were hiqhert on 4 June ;t. ,r.!i,1hrrj,: l.lkrt ,rrt,,r<;. iblr€-e,lr,
wit.hin the anhient ilrea the fiurnbsr of l,tr'vao found {)n 4.J',le }ra! not
gtntiStical ly rtif ferent f rom Ihat ,]htervorl the f o!lrr,rir..1 tro wrlckl, iur;r;i.r.,!-irrg. a
prol&gE{ iglylll-ng period. It ,rppearcd that qpdwriing was ,nuch ;ncre ,itrr'rr;rr irl
the -heated and intake ared9, is larval dcnsity on ,1 ,Juns in tho..;c .rr-J^ts 4,rr
signif icantly higher than al I othcr weeks. l-ne rJnqrL rl f ..pawrinq ocr-drrrlrt
edrl ier ilt the heated dreaq tlran in arrfrient lOcaIirlns. sf]ai(nlnq pt.rks ,]LcrJr.r-*cl ,r

this sa$e tifle, hut the duraLion and intensity of sp,i'rnirrq rgli,: rlissi,ni i;,.
hetreen areas. Larval denslties witlrln the inttke ar.e ,t ilatrlr lr).7) in(!if dr-*tJ

that entralnment rates were potentlally hlghesL on 4.hrnc drrrt relat{*ely lcw' .' ,t .

thereifter.
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A two-way arldlysis of variance indicated ttrat rJifferenccs in 0orosoma larva
rJen:ities attribtrtable to week, staticn and a week-statiorl inlerdcLion were':

signif icant at the 0.1% probability level (Tablc 10.9). D*unc.arl't in,/lriple
ter!-ur-dicated thq!-lq.qq.,.starion de"g--!!-!-e,1ygLe..-q!-l signi iiconily tr irrerentr-'--- _ .'--h,-;+r<;:,.1-,;;::-::_::"._.-.__ ._. ..r,. .. .-.- - 

'- 'J -.. ..'.

Oolglo11q. 
-{0i 

zzord 5h ari i

Gizzard shad l.orvaq, ulre inii"ially cr:llect.rtl ?3 April in r.hrt thr:rrn.llly-,tlL9r*rJ
portions of the reservoir anrJ |{cre fr)unrJ 0ne week laL,-,r al l.ire arnbienl rtnLirlng.
Surf ace water ternperatur'(ls 0n the daIrir of f irsl c.lpl.r;rc r,trr(10'J f roin 17.I to
21.0'C. llighest lakewitle mean density was re,:0r,Jo(l 0n 4 .Jirnr wlren 130.6 larvae
wer'* collccted per I0 mJ of water samplerl (iable 10.,]). In a sirnilar sturly al
Lake Sangchris, another lllinois cooling l,rke, rn,lximurn densities were founrJJ-'-t""'-"'

drtring the three-week poriod f rcrn 27 lrlay to l0 .)urre {Berr.;mann lg8l ); rnaxinu,n

tlt'rtsities were recortled for this stu<ly cluring a similar Lime periort, ZB l4ay Lo

1l June (Table l0.B).

I ,,

al I

[.i.nge

antJ

th-at rnean densit je_s-..incre.gle!-.Wi-!jf_ j.n-sr:e.asirrg distance f i:ep. 16'te hcaied ryater'.
Cornparisons irJentical to those utilized for lepqtn'!: spp., are presr:nter! in Table
10.i0. Comparison one (Cl) indicaterl ,r'ot riuO,lonsities wiLrrin ilre intdtiL'.rr-t?,1
l{ere sigrtf icantly ltigher at ',r deptl't af 2 meters than aL Lhe sr-rrf ace: but surf rtcrl

ancl 5- rreter tows werrl not signif icantly clif ferent (C2). DerrsiLics of l;n'vol
shad in the int.ake :area were not: signif ican'tly tJif ferenL frorn 'trlofl-inLdkrJ,,
stations of sirni lar therrnal regime (C7, CB), The mearr tlensity of sharl l,1rvas, dt
all'anbient stations was significantly higlrer than mean rlensity of'all heated
stations'(Cf). Addjtionally, a compiri5sn.(C4)'of hiqhly,simj'l.tr.siations
within two dissinrilar thermal regions. inrlicaterl that tlensiLies of larval shart

were siqnificintly hiqher in the arnbient portions of Coffeen Lake, 0urer
cotnparisons indicated that: (l) larval rlensities al slrorelirre antl rnicl-lake

statiotts',':w€FC, flot signif icantly differ:ent, (2) larva'l densitic.s :rt sur.facu ancl.. : :

2-rne|er depths vJere similar, and (3) larval riensilies, frorn SLatiorr lS (rre,rr^e sL

the major tributary) were not significantly diffcrent from those collecterl ,.n

tlre,:;nain borly'of the ambient area. In Lake Shelbyville, SLorcl< et al. {lg/A}
also founrl that shad larvae were equal'ly abundant at mirl-l ake anrl slrore:l ine l'

stations but, in contrast to this study, they ioun.l t,haL shad Iarvae were mgre

ablrni|ant..atthesurfacethanatsubsurface:..tow.sibei:.
.......:.:.l,0.ts.:].]....... I
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Table'10.9. Tno-way AN0VA and Drrrrcan's mul t iple rante
go*r'osoma.spF. Tests were perfcrmed using
densities shorn arc the anti logs,

tcs t for dens I ty
transf or$ed rlaL:a,

of I arva I

bul inein

ANALYSIS OF VARIANCT

l,fI::
!,..

r:,r,'
I.

I
.

-',I

t.
a.

I,'
I
I

l,:
I!,

:

l'
I

l.I
!,'

I
!,

,j

l.
Ir
l.',

l'..r',.r..
::

l:'
r.,

'tt.

l.
II.

:

l,r'
I.

I.

Source

I'leeks ,:

Stations..
tleek -st at i on

i nteract i on

trror

.sgi_on
.

Heated :

Transitional

';;:,:' 
l

Alnb i ent

r+eqL:xg{g

8.472

4. 333
.-

0.771

0 .06I

'Ll

2

LY3l_Us

l38.Br

/1.0*

12.6r34
.

594

DUNCAN'S I'IULT IPI-E RANGE TEST**

' ' '1931

0.60

0. 83

z.tJ

Ecuplrlgr**

ru

A
:, -,

* :Statistical ly significant at the '0.001 probabl ity level
** Alpha level = 0.05

r*r lleans with the same letter are not significantly different
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,.A one-way and'ly5is of variance and l)rincan'i rnu'liiplc rnnqc toslg wcrc rrtilrrer1
to test' for significan! differcnces a-m{)n(i rrl1ek5,rn(i suhst{tenily i.o tleter-*irii:

't'*hether weekly mean densities within"sclecteir lake arcaq irer'-r sr,etist ically'
i'dif ferent. t{eekly'mean densities ol,'lu.uul silra,J wit.hin lirc heat,r:rl orun ,ruio
signif icantly rlifferent (Table l0.ll) anrl peak rlensiti(ts, whiclr occur'red orr ?B

"Hay, vJere signif icantly higlier than all other weeks. 'ftln mean densities oi'
col lections preceding anrJ fol Iowing 29 May were staListical ly equal. Larval
shact densiIies within the amhient area were sigrrificanLly different (Iablc
10.12); peak density occrtrred on 4 June at the ambient stat-ions, a week later

, than at the heaterJ,stations. According to staIisLical freatment cf larva],lLow

' data,the.potential period of peak entrainment for larval shad occurred during a

two week periort of 28 l,lay and 4 June (Tahle 10.13). periorls of potenrial
'''::n..:::.entlar.nment occurred during the middl'e of i"tay (14 F,lay and 2l f4ay) arrr!

,'the rniddle of June (li June').

. : - l. ,,rrl 
, ,..; , :

Pomoxis (White crappiei

,,PQtlgxjs, larvae (larvae were not iderrtif ied to'species; howcver, onry p.

annularis, white crappie, adults have been reportetJ frorn Coffeen Lake) were

first collected on 7 May frorn the t,ransitional tenrperature stations. Surface
water ternperatures at that tirne rarlgecl from 17.5 to 18.5'C. Crappie larvae were

not collected unti'l one week later (14 l4ay) at the arnbient stations, wher'l

surface water t€rnpsp6lupeS were appr"oximately 20"C. Crappie larvae were

subsequently col lect.ed eactt week through ll June. Pomoxis densities were:,
'highest'on 4 June,'the mean of all station means equaled 1.2 larvae/l0 m3."'i

Kindschi et al" (1979) collected Pomoxis larvae fronr 30 April Lhrough 25 July
:-

',:and recorded a rnaximum dertsity (13.0/19 *3) on 6 June from Rouglr iliver Lake,

Kentucky. Krarrse ancl Van Den Avyle (19i9) reported that peak densities (1.0/10
2r

lnr) occurred in late Ma.y in Center Hi ll Reservo'ir, Tennessee. Larval Pornoxis
:.: .'"f-

,-,!!9Ie !l!!gLon in:.3+ecUoE--llgs-Lare-Shelbyl-llle (storck et al; lfrB) +!-d--ser:e
aljogettt". at sqnt f .om!alg__Uggl11.iL ichthyopl anktorr col lect ions (lfergrn66n

1981). Thus, from the infonnation available, it appears that the rlate of peak

larval densities in Coffeen Lake were in synchrony with tlrose report,erl hy otlrer
.::a.. :'l . ,, ,,
:..:-,investigators. tl,t. 
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A two-vlay artalysis of variance pcrfornred orr Iitc Lrdrtsflrr'.nriJ rJata demorrltr.,rl.r],J
that-'larval clensities were siqnificantly rJiff'erent arnong weel:s, eLalions, rrir!
tlrat there was d week-station interaction (Tablr, l0.l4i, A 0rrnc,]rl,s nlulLi0iu
rartge test, perfornnd on statiott meafii, indi;nLeiJ thaL nrearr crappie tjensiLy was

signif icantly higher at sLations in tlre ambic'nt arca ilran,lL staLions in the
other thermal zoncs. Furthermore, nean tlens.ities of the healed anC transitional
stations were not significantly different (Tabie 10.14), Gjven the smat I sample
size frrrther statistical analysis seemed unwarrantecl, lhwever, inspectjon gf
station means {Table 10,15) yielderl further information concerninq spatial ,

disLribution. Pomo.xis larvoe were not col lected frorn the discharqe arm
(Stations 1, 2, ancl 3) of eoffeen Lake anrl only one specimen na, tulen frorn the
other three stations located in the heatert zone (Stations 12, 13, and l4). The

majority of the crappie larvae collected during this study carnc frorn two tow
sites (Stations 10 and 1B), both located in the ambient area of the reservoir.
Since larval !gq%l-:. densities were highest in the arnbient area of Coffeen Lake,
that spawning activity was appar'ently more intense in that region of the Iake.

:

Surnmary

In summary, densjtjes of Lepornis spp. ancl Dorosoma larvae in the jrrtake area
were not significantly rjifferent from densjties collected at',non-intake,,
stations of sjmilar therma'l regime, ilrereby dernonstrating that tltg.._l$.Lh.g--grea
qf--tne-Corlegr{grye-r Stat-lq1-1y;6-rr-Q!-gn-.aneE ol*!ligt1. qotel!j4t i'npi-ciio1^ ,noru
spgcies. Irre- -u!!:a!.igr q-l .tp.o-wn-ittg dii nor dif fer sreailv between- hqq!e-rr.. alcr
q3.lti.ent-areas--qf-',!lle-._l.ake; howg_v,e1_,..it did appear that duration of .tpqwn!.!u ,.as

allenertat.*the*heater|.statjgns.-ir'e-;puriatoiitri|lutionoflarva.|il,,.u,..
(L@- spp., Oorligma, anrJ pomoxis) was apparently affected by the r.hermal
gradient irt this lake, as was evidenced by the qrogressive increase in rnean

tygt*d:lt-i!l-nl flYnlj.t:.!q!iong mqt'q distant frorn the thermal disclrarse. The

ambient area oflCoffeen fate (ttrat portion of the lake north of the railroad
causeway, see Fig. l0.l) supported. significantly higher densities of Lepornis, ,:

gita.: llo.P 11d 
thererore.shourtl be co1sl1ut.o,, 

ryy:*ri:!' jil'.area'.': It is relevant t,hat this nurseny area in Coffeen Lake-wa--s*fal rernoved ,
: r -- --'-

from the area of cooling water intake so that entrainrnent effects were
minimized., , . . ,'
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Table 10,.14.'T*o-ray AI{0VA andi, . , ,,t Iar.val:Porlrelis'sp.

:' ::

funCan'5' ttur!lipl.l r4r:,;r1 r,{:1,i
Ief tt f,tre ller i,r1q;ir! r,, i i"i

' thir'*n Are l-h* acll i 1=,1.;.

| :.ir'" jYl1i t- f ,: t
? .f l|tr,: I a:r ry,.:z -1 it:,:,

Solrce

l{eeks'
:

Stat i ons

i,Ieek -stat ion
i nieract ion

Error ':

llqtlion.

He ated

Transitional

Anbi cnt

MALY:iI5 
'f

0eq-rees 
-qf* l:eertgg

ll
2

34

594

vift lr.$ct :

!{ean iQ,:tr,-:

rl.illl

a.l4l

r). +Fr:

G.t1l6

i -r.l I ie

1 '] 1-A)

.:

'1tr,z'1\:1

';tt 7 !'

DUHCAif' 5 lllllrlPL[ tlAflGI !{1! *t

S-a'1

0.0u1

0.0?

0.14

i;rriiipl-.iq' r t

it

;i

$

i
**

***

Statistlcal ly significant
Alpha level = 0.05
Means with the same letter

at the 0;001 Brobab ' i i y 
.! 

*ve 1

are not sigaifierntly rirlf*rrnt

r 0. 2.1
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f O,ir tr jijt ,atf c' ,i.,i .ifli.r, fr.:.i.r ,. 1 1,.i,: :. qt, i :i,... i: i .,. ..1, ,,t :. .. : i:i
I igt*rAI 4fe.!l n{:,lr v+:.1*l.lt i.:r:.1 } .:r. ai:;igt : ,,iit{, i.*:,.'',i ,. j\i:i. xr.t* ;: ir, ,-.-.' ',,,. '

rlitChifq,l if ,1 fl''dp$ ifl,l trj-: ir.r i,r.,,:r, it :,i.1 -lt..r. :,,r :!.,..,r.-. ,i , i. i. j. 
"

Ll , her,tini. I.ap., .fi-,r"t 5r:!. tl ?i: Xrr i,ri,' t li.;.-r.' 1,.,".- .i 1i;t i. ^:.,, , | ;1:i1- .,j.r l .!, ; :.?.-:i: r-i-lr.i.

{ltqht Of f } 'rt 4:,tfh !L:tit,t ,;rr. inl*i:rir:n; tt;,.t ,;.t(h ',-.,,,.i ^i.t,. ,i1., *.,,! *n1
prEtef ve{t i l0X f frrrt,t} 1n! ,}l *li{it}r!, thr,! .-ltpr.}r r.?ii,.,i,; } ,rr, nl +;;it'1!-:-i.:r,i.. i.,ir+i:*:::
*f f rlrt pe;' tr..p. irlent rf ir-ai rlrr pra{tC,i:"r;5 i:rllr;.rq,l 1,.,.r.,, i.; i;,r; :11 ,;,..r r -;r; !,r.
Irere i n.

Itr* sf fecriveness of i I lrsrtl*ation ,:s ,lrl al.Lrdci.nnl *1. *ilhL dn-: *ei4ti)rlt irlxrri

exafiindtion of Lhe dota sinfe the vart mJjority.rf {,ltrhc': i.ig,t{ r;f t,rr-rl !

A totnl of ?r531 larval iifhesr I'rJprr_,-1L.,rrl inq i i1r. {.1r1,11 ,1 iril. ,;1 .!,tij.rr rrir{r
{$lleclert irr larvll lrapt " lntlu]J{1d Hf:rit 1irt.rrr1 slr;:i i{-kif*!i,+.r .cpt{trar}t-rB}. :.

'tolrlen shiner ilFier*iqjrnus. !!!!g]-t!!lL;, utrii,:tr rfi,: ,,,o"l**--;i.1r^,,irr,^ -
Igtf t11i1), large'nuLh basr {tltjjgf$.f ,[ *]:g|rlg;], ,,,-,;! i'r^:f rii*,1 {Lqgtt: cpi- i_
lrrnf ishes rrerr f,c|l lecr.etl in larqe n*lr$ers {tii,3,1 il{ l..riq tr:L+? r::lie }:l r.:i.ll .}lhg*:.
Siltties hr-.rg corril,lrati.t'el.y 146 in nrfrber {iahlr ll.: j. ,1i i ., l}eiir;1,,1i 6,..,,
l,try,tt in the rtft:5e th,tt f iri rt{,v"-r}+trrent, irrri !il }lrrri.;rt r-rr' ,jlhr..r- jtvr,,t i li:
crtar'ActeristiCf , hdrl not ,.lr:*r't {or$lltert {fllart,..r !gfrii:. .r:i,j.,ri .,}r!na.r- l:r,ri.
Jorj 'qOst *f tfie I arl'al s;,rftq i5ho9 ltsd tra{f s gi lrr:lt. .T.+lr:,.i.ti lr-:rr;l:lrirr1,
inJitat.irri thaI tlrey xcri, (,t0tured si]r]n.tfli,r h:!r.]r.:rr,J. i.ar-r.r'j ,]r/1.r,-,.: 1rtl,i i"i,l
lArlemuth hatt'-r{rg q{nriGrJ csrr}p:eti*n *f thr jtit+*ii* .1 .-rr-r }r thr: |,:s: cit

c aFture. ,

rret'ffdl galderr shlner-tar1*1 ':{ere *:ptu'.€d 0n t-l+ iir".,t ,1+_r ^. tret;iirr1 ii ttay!
atrth* nicJ-lOkc location hrll tr'rpt locat*rl in iirti disrii,rrqe irl::rii !=,?.tlt.y {l+b}s:,
ll,t). l-arrlearlrth b'ttt *trr? tirsl col!ritt0rl r,'* l? Y,rr iri th*,,ri,-lrif t,! .1:1;1 .;.i

26 l4ay ll rnrrl-take, 6,'1 tlrel i{\t!.r nrrver cor.ron ir} ir.ip .,,t.i.;?1.-,!. .ijrrri

crtllections primarily conslsted of lepo,Ii: rpp. !.!rv!,!, trrii Lit..y ir:( !\ll,r.l!ll
rtre forlnt! rn high nr,s',*rers {lalll': lt.l}.

: :- :

:: .. .::.,

a.-=t:.-' a :::l
';',1.,,1 ',:,;;
. :=:',' '. :, -:.:

: -aa-

;:: . ' -',

il,.1



l'

,r(crlr'r.-tr, rn lirihte,J trnp\ ilai:li-. ll.il. ,F,i., ::'1.-,.,. .l

Sqlf f iClent tfinqniturlrt lri tlr,ta t.)ir{ lu{,irifr(,, rii;;o;,r,' ,!,, l:i,, ji,. :... a.t,.
COryrilriSt)n ,tnrJ n1y !t.tre Only r9grr.4\t'ttp.! int li1,r,i 1i , .1..rir., .. 1,.r:..
pt'tsib-t$blY eriti{lit r 0ngit r'/rl ph,Tt+t4::i li r !",irf}rr\i. ,;rj'.r: !r !i;r irlr irin,l iri.i ifi.r\

lx+re I'r114*Oriblr: !ii 4ipLtrt-r bj ihe: l,rnptin4 ;qii:+= ,..:.pi,.,.;;",'! :i' r'ri., .,,"r;rly, etr-;i

hqrLl f if S,t CnC,.frrtrirlrerl in lttf. rii,,gfr,1s-q4 ,lrr:i a..J 
"..:r,, 

,1,;r)t.r l.:J -,:r..: .t!)jjnilt1"i r. \r.

trA0 gd.iples frunr that inC,tticn iinirl* 1i.li. fg."1r,;r, {';,tt.i,7t1 i;-r. r;rl16,lfij f l/gi
r:Oll{?Ct,P(t lArv,:} L+frgTis spp. in tRr-ilr-,?-t,4q ?i iipr:l rr: ?,t--i: ji,:rh,}rii,t iril .J r;i...
ir,:'ff+qf, Lake; Lireir +lcurrentp irl th+: a,nbir-.til lr'et rrs th,rr:r! frlrJr- wri*kl 'i 4gg.r :'
'rriJ!,,:h qenr:ral iy i,rtrreSOondrtd ri!.ii thr: f.i$insr .]i *g-tl:! siip. i.*i{rrfi{, !n i:-it} .

I
T

I
T

T

I
T

I
T

I
T

I
t
t

s{,!*lcs f rom the'{ti5cnarge. t"g*gf*L{itigi--ikir!*:t-=lr)} r,,qgrr'-!r! ,} tlr'r},ttrI
{ensity3]-ggrng:l?, rgr"-r_n ,1 iui,'nul r.,}r,str,o,r ,r.o.,; f ;;;-iiir,l r.,i*p,r.+l

--=*-.. s- .'G;':-=-a-'--.'-'

l;: heated dlenl' Lt-!-llLi ili-c!=-,11:--1r! r-'r-l'f+:trq:'l -!.t !l':1 l;,aqi'ri';r',; *'ttr'

ii zzarrl shad I rrvde '{ere f ound tr: be rhrrnrlirrt irr iirr. l,!;.r tr j,riir;t,r! rry t:r*-nrl
CatCheS (sectiirn !f), herein), htlt i.lt('y.rere ufl{:{!ilnipr{}rr:rirlSl. i,iii.fi in !i:rrrr,li-.
t';lrlionq, [h,:ir rarit y in '.r]p sa'n1llr,.s rnar/ t]rtrq r,-.{ lrct ,r 'l :r,r ,j,,rr., r? y irr

'; Iiltoral r'tr3iunt. i.ar'qemo:tlir hls*, hc'*cvcr, ,lrri i..nr,.in lrt i;,;r;sp7 littr;'ll .ir't.tr
';., f .friy irr I ifr:. Thtiir' inf feqtlfnl OCcrtrr'rlnce ift lr'ifr T,l'ni)1r.,(, lir.rL.)hly r,tt r-tlJlr:;J

t.
L-i) the early life ltitli-rry 5tr.ltr':gy tf Lhit ltltrciriq. .il .l6, y;... lc,'o,i-r,-"r rtlr ir,tlr
,lrE a Str0rl0*tftrodl inrJ, ,Jar'€ntal ly-guarrleil S,rcc i,:;, !tli:i,tirr,-rrlr lQJSi ,t,i,l r ir,,..

'' ,tl,lyrl been slr,:t*n t* erlritlit. n rti,r:tUrfiJlly.inlliive bch,tztr:r an4 -r tttrlerriy tr '

r',,rdin rtr;lr the nest 5ite rlrrring nnll of the ]lrv,r'l periof, {i.i ii+tt lgjf.}.
5ine* only develcgxunt'llly advaneert l*ryae 'rdrr '.ir!r{lrn[e,J in ihis slurly, i1: -i.!--

rls1rr08.l ,no1 trrel harl rlispcrseU from thc 5rjhr)n'l uni ntr*.lo.J,trr r^,t-n,r^n-",..
+xistence al the time of c.lptitre. Sh<rrt'linr. qr-rilinq worli:i prolralll / frr.l;irJr'
ir+tt*r f 5ti'nnl,]{ of b.15t atllnd,trtcri ,trrd ri irtribit!. ir-)n ,it rhnt- 5t.r.;., ,.3'

ttevrtloFlcnt.

:,. . . Li'1rrt [rappinq has been userl :ue'cr:ssful ly by *thc:'s [o c.r;rlirre. i,lr'vrl f ighcl;
Kinrlschl et *t. i1979) coliecLerl 1,445 larval anrl jurenil* f i!rrr-,\ in lirrlrt*c

, Lrapl, of which 80fi were srtnf isheS, xhile no f isir Hllr'(l {.(}l1i,rIrirl rn rrriight,:r.!
l, traps. Foher iD. J. Faher, pers. coflm.l .l)so f oirnrt tlral ltrfht '.r'.pt)irr(J ,rt rriahf
: t 

,, ,. tn I lttoral regions wag rt usef ul methorl of rJ*tqr ;ininr; thr.r diclriirutirrrr iif a

.: I i:. wide-variely of freshwater species.
I t.4



Iable I l.l, {qr*ber *f f iSh I af tAC: col !ec;tr:d in tr,rp1 {t rqnt ar Cark} ,rt
reekly intervals in Coffeen Litrr. ri,lin-oi ririoiti,inr,'r-.1,,
locattonr, and specles let ter codes ig:lolr!r-.n slriner, i:i4r";r1 -
Totl bass, L=ltgil j sFp., l"gilrarri r,iia'r, 1ad rr:t,l.iii.st.rp*
lopr"e i nnor ! are-illTe-iil
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A one-year impirtgement antl, entrainmenL stuily wa.ci conclucterj to dssess the ifipai t
0ftheCoifeenPoter5tat|on,5coolingwateiirttake.]systern.llpanl'!re'.nin,o'u,".
t,f cof feen Lake. Impingement sampling consisted D t 69 z|-horrr. surveys corrrlircLel
v',geklyduringthe.warmermonthsandtwiceweek]yft:itnl]ateitr|u,nlt|.ot?.lrly
sprinq. A: tot.al oi Z ,477 fish rreigh'ing 109.2 kg were col lecterl i uiizza,.rJ sirao
arrr|bluegil|compr:iiedg7inillnerica}|yanc|90xbywei9ht0f|het.Jtdl
irrtpingement sample, Inpingement rates were hi{Jhestrduring Upr colelesL rncnlhs of , '

the ycar; 83fl of the tot,ol impingernenL sa,nple was t aken dur irtq ,lanir,tr.y,
Felrruary, and March, .tlot!.1,],i.!1 1,1 !!. itqjlq-orne1!. i1.c,u11qti gnly 11!1or tossl:-s rq

!!g _99rr,u.91 Lake. lr-tlllv. 
:rlrriie 

l.'uppiu p;prrariuni s,umoroo ,,,.^ ,lrou,usr ''" ',
percent loss to Lhe standinU crop , 3.4% nufnerically and I .6i try wrri(lhr. Lt)sses
to the' trluegi I I anci gizzarrl, shad popul,rt ionr were srnal I anrl f -.rrLher redur.lir,;\ 'l..:
weredeemerlarJvantageoUs.}ggqnditjo.r:-(l!Il.')of-1$p!r!ge{l'1sh(9!4.zar1dsl.r3i

llg-!1999j-l_ll*tf_t,l-lili.gttly lg-Q'0-5) .lower tlra,r Lrre concjiLiorr of si,nitrr \, ,^

ll19! .lillf_5oll-e-9te! nr *t_qillo_ris_!tjlp itttlt,qu!!n9 !!raL ilre I,rrpi,rsr:1,re,yr process jN' ^"
ras selr:ctively el irninating f ish which were in poor bocly condiLiorr.,--' --.. _ . .-,- .1:._

'. ' ,, ., t 
''

The prirnary entrainnent sompl ing metlrodology incorporate cl tvro low-vol u,ne punlp' ,'.
sarnpling systems operated on,.a Z4-hour basis. A total of 3,4j0 lrrvat fisrresr '.
were collecterl in entrainment sampl ing conrlucLed f r.onr Z5 April Lhrourrh 9

Septerntrer; near'iy 84# of those lar.vae were gizzarrj shad. peak enLrai,n,nent. i,l: ,,.i,
density occurrerl on l2-13 June when 18.05 larvde were c0llecLerl per l0n3 of
water sampled. A conservative evalrration of entrdirtrnent mgrIa1ity wat] ''.'.' .' ''.'-::.:
ca'lcu'lated, using a',weekly 'i.instantaneous standing o'op" of ,larval f ishes irr [lte '.

reservoit'. Percent loss to the larv'a1 gizzard shart .itonrlirrrll erop ralcted ,t, '::'

,' srcilOH l;-j
:

:

Ir"rp tr{0ft'![fi r Afiu' ftt;RA i xf,tfri I

t)v

Oanni s L. lie nnan

:AESIRACT

,l'
'",:',:

.l

I
,,'.,

I

t;:',

l2,l



'"f-iom 0,Oa'io 13.3X', but enLraininenL :norlal ily'only ar*'iunteii ',o 
,l ,4,( rrhcn,:: :'

standing crcp was at a maximum, Losses to the L_eponi s spp, st,anding crop '',rnqeC

*ilf rom 0.05 to 3,6{, nl9.gg-Igsse_s*nppenr ;ninimll qiv,-'n Lhe natirt! in1rtality r,11s

*' of l arvae of these: spec ies.
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Section 316(h) of the Fe<lerel 'datcr Pollution Cxlntrol AcL of lgZZ, pL g?-500,
requires rrthat the location, de!ign, construction, and calraciLy of cor)l ing waler:t :

intake structures reflect tirc best Lcchnology av;ilable for;inirnizinq adverse
env,i'ronmental impact," Thus, Section 316(b) specif ical ly ref ers t:o the irnp.inge-
ment and entrainnrent of aquatic organisrns at cool ingtwater irrtake istructures.

Entrainment involves planktonic and nektonl. sy^i;ani sms smal l'enouQh to oass
through the intake screens. As these ofganjsnrs travel throuqh Lhe cool ing
system they are suhjected to rnultiple stresses (Kelso and l.lilburn 1979). Iire
principal'causes of damage are mechanical (pressure changes:anrl physcial
abrasions), biocidal, anrt thermal stresses. Impingernent refers tolthe blockinrl
of larger or0anisrns against the travel I ing intake screef)s. ExLensive revrews
concernirtg impingement losses anct irnpacts at inlanrl tvater locatiorrs lrave.been'
written by Freeman and sharma (1971) ancl''Kelso :ancl Mi'lburn:(.l979).' : 

:

A one-year study was conctucterJ to assess the ecolog ical irnpact of Lhc Co f f eerr
Power Station's cool'ing water intake system upon the ichilryof aurra of Cof f cen
Lake. some investigators have attemptec to ilssess arlvcrse irnpact withort
baseline data on exisling popu)ations. The present sturly was conrlucte<l in
synchrony with a thr-ee-yearinvestigation of al I rnajor biotic caLegories jn ,.

Coffeen Like. In addition, quantiLiative'ichthyoplankLon collections ne.e *a.te
during the l9B0 spawning season (section 10, hereirr). The purposc of this
investigation was to uti I ize that llroacl dala base to cJeterrnine t,he irnpact of
entiainmehtanrt]impingementupontheCoffeertLakefishery.:

12;3
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Coffeen Power Station located in l'lontgornery f.<.rrrnty, Illirrois is orrr*ij ,rrirJ

operated by Central Illinois Public Service Compan.y. Two qr)nerit'irrg uniLs,'boLh
coal-fired, protluce a qr0ss capacity cf 945 I'lcx. llcwcver, boLh rlniLs at. Coffeen
have cxpe'ienced lo* unnrul capacity racto^ i,'.o,npu.t."rt',, t"irrtrr.r;;.0;;
(CIPS 1977l'. Unit | (350 GHel.l) and lJnit 2 (595 GlaeH) wcrs''prJs into cornnercial
service in 1965 anrl lgT2r respective!y. l_ife expectarrcy for both un.ifs uas
projected to be 30 years.

l{atcr for the once-through or open-cycle cooling sysLern is tlerived from Ccfieen
Lake, a 446 hectare reservoir. Intake water is provi<lctJ by four circrllating
water puilps anrJ four )ow pressure service pumps (see Tables l2.l ancl lZ.?-). The

intake structure is partitioned into thrce equal-sized bays (Fig. l2.l). Fiqura
12.?- illustrates the horizontal spacing of cooling water irrtakes in rel;tion to
thc intake bays. The zoire cf intake water wi,Urdrawal is not lirnitecl; t,here is
no ski:rtrner wall (Fig. 12.3). Circulating water irrtake pipes are locaLecJ nc,rr
the lake bottom; the center of each pipe is 36.5 ft. uelow normal pool.

The vertical travel l ing screens (rnesh 0.95 cm) are tlesignerl to prolecL pumps antl

condenser eqrripment from damage. These six trovell ing screens (see Tables I 2..l
:

and .l2.2) are the site where larger aquatic organisms are irnpingerl. Unrlcr-

normal operabing procedure the travel)ing screens dre backwashed once durirrq
each B-hour shift. Fish and clebris are waslrerl'jnLo u sluiceway which then
empties into the "f ish trap'l (Fig: :12.1). For purposes of ilris study a 0;g5-crn

Inesh screen was placed over the existing screen in the fish trap. There is no

fish bypass system; fish which collect in the fish trap are disposed of lly CIpS

rnaintenance personnel. ,,' . ',

The terrninal portion of the ice melting line or intake deicing system is
depicted 'in Figures l2.l and 

.|2.3. 
Recirculated warrn water may be releasetl fronr

these I ines, approx'imately 20 tt. below normal pool water lavol. This s.ystcrn
''

was notrused dur-ing the winter of 1979-80. ,:' :

.:,:
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Iable l2.l 5al'i ent pltyslcrl r-.:harer. leri,,t!.: :.:if ' 1,,;t;,, i,,.a,.,
Station (ijnl! llr.oolin,;,lttr- ir.i f .ri,. .rit,-'.

, ,, e i rcu I at i n9 water pu!4ils

type
n umlle r

'capaci ty (eaeh)
Lota I lrr:arJ
rlrivers

.. Low Prr:5sure service
wdtcr punps

t yfre

n urnber
capnci ty (each) ,,
tola I 'head
rlr.i vcrs

Screcn r/dsh pumps
n urnbe r
c.tpac i ty (each )
drlve I oped lread

- Travel l ing screens ,

n umber
s pr:cd s

Conden ser
Lype l

surtace
tube s i ze
rlcsigned temrr. rise

'r;)rt.ir:ai, rtr';; lli!-r ::riit .,i,,i=r:
7

71,25-4 t;vn
54 f \.
l?q{i hp, ?7'} tp.,,

s i nq l r,. s I age litr i rr-rn l.l I

ccnLrifur;,rI
)
9000 1p,n
i30 fr,
350 hp, 1200 rprrr

:

2

630 gprn
140 f r,

2
l0 f W/2.5 fprn
l0' _0"

two shel l, horjzorrtal, two pass,
divided water boxes

220,000 sq. ft.
l" 0.1),
22' t

.:
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Circyl,rtin,{,tt*r pr:r;15

tYPe
n ,.Fnt, e r
c,lp.te ity (eacnj
tot,rl hcad
rtr ivers

Low pressrJrc ssrv ice
'rlitrJr purfliJ

I Yrt,:

n rjfnl)e r
r:itp0c i ty (each)
Lot.r I lread
dr i vers

Scr'een 'eash pumps
number
capdc i ty {each)
rleve loped lrc,:d

Travclling so'cens
n umbe r
s p'led s
barket widtn

Condenser
t.ype

surface
tutie s i ze
designed temp. rise'

1tr 
l ic,r i , d.ry ii r: , rf-l* i; !. n..Ji3

I 2t,.liltl ,:pr
54 f t .

?OA$ ni.. |ttil rtt:t

t;in1l* tlirJe h+ri tr.-nt.,li,
cent r i f .r1a I

2

1l ,Ofl{) ,lprn

140 f r.
90rl hp, gfir) 1-r,n

?

1260 g1t,n

130 f r.
:

4
l0 f pni2.5 f p.n

l0| _0"

two.shelI, horizontai, two pass,
d i v ided water. boxcs

330,000 sq. ft, ,

I" 0.0.
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Un! i"{ lil.'i iifii.l 14ir'iii}:r{, ,.

llte inpinqe.ru:nt- tLudy contigir:rl of 61), ?l-itt>,tt 1{rrii!y!; i!i'r,i,r,::rr,lri :!lji-:c.ij-.."i:i,}l{!aJ

the ?0 ;lercelti {+t 165 rlaysi minilu:n saarpl inr; irrtr-.n:i!..y ,',1;;;1;i,'sr-}i:E:J i1; :irr,-* t,a
eL al. tl9,t7i,. S,t:nples werc rlollected ,rt. weeitt;l inl*r-v,tlr i* ti!-.tirr, :{it,f.:,n!}i-:r'itt,

lilay, June, Jul,y, 'Au<tust, SepLr:mber, and Lhe latter ira! I ,t{ i1F.;'!.,' !fu;.i.nq

Ce,'rntler', ,lartrlaryr Fehr,lary, l4arch, .tntt Lhn I ir."t half ,tf Apri !, r,trpline wtr
irti reased lo twice '/reek-ly. PeriorJs 0f increaged sdr0plirrg ,:rf f rirl e.irrrl;p.]?i.lpit t.;,
p.Jri ods of eirir,:e ted h iglr irnpinqe"lr-rrt rates. i , ' ,

lapinge.I fish'iere irJentified, countrtrl , rnrri{,urerl {Lr-rLa} leriltlri.,',1n,,t atlitl}ru,j
(qrams), 'Chen'lite number of irrdivirJuals fnr ,t qivi:rr sllecier rt(ee.?:Jei! lfiJ, r.ire

lotal number of f ish, was counted, the tot,rl we ighL rleter,njnqd l.nd ,,t slbs.:;npir:
takt:rt f or individual lengtlts anrJ weights. the s i n ol Lirr r.rrrr1o,rr lub,r rrpir)
depcncled upon the teital courrt. . - ,

,

re | | ing sir-eprr s ,trrll rei;ruv i rrq

al I f ish f roin the "f islt trap" Lo initiate thc col lec|-iorr inJ rr,rp46'f irrg thr:
procedure 24 ltour:s I ater when the sample was oiltairrerJ. Nilttlr.tl liisLory Sur"vrry

bioloqi sts were present during each of these processe 5. Specimons :f rroril

irnpingernenI samples which had ohviously been deod ]onrlcr t]ran 24 lr6rtrs were

exclurJe<J from analysis. ilater ternperature, ctissolverl oxygerr anrJ the rlurnfrer of
circulatintl and lo-d pressure service water pr,rnps in operalioni rvete.r=eeorrled

during each survey. Monthly impingerncnt estirnates yrere calculaLtd frout ilrr'
fornrula:

Number of fish
in rnonthly sanples

I
I
I
T

t
t
t
I
I
t
I
I
T

I
I
T

t
I
t

Estimated monthly
i mp i ngemen't :

Number of surveys
per month

12.10

X [)a!s i n montlt .
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ii,Iti1'13gfiv,at 5,l"iplf , ?lf tir.rr,lf i.7 rr4,. 1y,f,rs1 ,,i tf!r. ..:;:ir 1r....,rr, .;, t..i; ^...r i.;,, | 
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.:rtl.nr1e|.c.r|'filn{lctal1r-€,i:'.{15?a|rlsi.r)1|1i,rfs,,tl.r.:.|1i.',i,:t]\iil.}1,:-:i'.:+:
'ii,r-?+t-5 in{lude'J: ahitr: !-r+t,pirr {p'ry1:r_l f*1|1:=j, }r-tr},!r:\i;,jt !_,:i! .i;;{ij i-,;r! :..
h.r.T:!.!-:") . hytrri,! q'rnf istr {-Le_nomis .,t}p.), ,i,,rt!r} < srrii5ir i._. ,_y-,!,,i,!l,us:, r,,,1 l,ir._"
Lrrrlthead ilsloijjru-r- gldti:,---I-*ty .iri,r ,'i\rr .;Lri',-,,,., '1,nr.1',,;,;;,,",, i..,='"=
cof fegn 1.,rkr: by the llatrrra ! .{i ittly 1urv.:;, l ine t -t,lrepr i,;r}.1 h,,i;re i 11 r-.1 

1rr;;*:!;.,,,
197$. (5e';Iio^ I3' itilrrlirt]' L'tli: -j:r'Jl*+ i{llr-il .ir:'t I"r;'}!'r' '.rrnf rlrr i 

--.
'lf,l=o,l9LI)r- ttg -!PEClrrs c.)'irynon!,v cr,l i+cf,:,t" it,-rrirrj r,iit.i'l s- i ril ir,;[r,r'! !t i,i,i
Surveys rere nOt f ound in Any 1tf i.tte 6! iirltirir;l:rre:jr, 1--r ,1r !r,.,

Art cxarnindtion t)f rncrttltly imlrirrqervtr.:rr!, sd,nplr.; {i,rtrlr !?.,,r) iL Ir,y,lllr_,rl iii,it
i;npingemetrL rates f luctrr,tLi:<l wiLh thr? .,c,a-,orrq. !npin.lrnt,rr: r.,ttili ,iiii-11 tli.1l1r,,,i
durirrq Llte coldest rnorrths of the yr:,.tr; i33 prrrr ilrlt i)f I irrr r,,it,rl i npinqtlro,_,rrt-

ocCurt'erl rlurirtg Janrlary, Frtllr-rr.try arul i4ar cir. f.k..ln wrrtllr. Lrlrrl)r,r.,Jt rrr.rls 4t Ltr.,
inLake rturirtrl th0s,i rnonLhs i.rcrrJ consisLerrlly hr.,irl,rr !{).C anrt L5c lrllt}r!-;nr-,,rrr
temperature recordr:rl w.ls 5.8'C (Irppendix l?.1). jn ,l naLi{rntvidB review' oi' '

irnpittgr-'rnent aL inlartrl sites, Freernan and Shar',na ( lgTlJ t-,,nclurlcrl prat t1 rt;lr
l:lplngefitent r,rtcs during rvinLer. nonIhs were r.lrrc Lrr Lhe poiki loilrurmic rl,3r.uFr] rt,.rrl

high morl.ality of sharl aI low amllient lempu',tLirr'rr,;, lrnpirrgernr-,rrt. :laL,r f r.orfi thr,

::tl:.: 
Pouer.Statiort.supporterl t)raI conclusio,; gizzarrl $h,](l corrrt)r"iretr ,r l.lr-qs,p

percentage of the irnpingement Samlllc rluring,)arrrr;rry, Fel)rrJary, ;ylrl 14arclr Llrarr
during any oLlter months. Gizzartl sltarJ werc 0sl)ecially p,-c,tou,lflrrtt irl [:cirruary,
a.P€riodofcon5jst,ently.low.watertelnperaLttres.l,npitttLerttcnr-rat,esw8l.c:

!{3.tv 1ow durins thelautuntn'(Septernber', 0ctotrcr:-.i,.-Jto;ffi.+i;,-;ir,n;t0,,
.\'.#.-_-rytwo f lshTEF survey t{ere col lected. Irnpingemenf raL{,ls wer-e sontewlraI liglrg:,in
the spring (April, May and Juno), prollably as ,r resulL of t.trc high clcrrsit-ics of
-j,uv-enile shad and bluegil'1. present at that tirne. Seasorral f lrrcLgat.ions,,il't'. ',
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!n irnpin-lrSrnettt ral*-r tl i4 rr$t. apptiir t,-i irr: i:r':t::j '!.,: f i,l. i..r1r,i,,,:t i,i l,r.: , ,;l;,rr1

:u,:'flowra|e{ApperrtIixl?.i).{l|warlJltl|a}..i1!/tl:,1,:*rlins!.r..l:,:,J|irri.
!mplnqernQlL rdtes coulrl not ire etpl.rint:d it,r'.frr_,har,;i! i;f itrl,tiii: !jr:!ili:lly,
HaInef r lt appear:: that {:.Ef t,]in eii,irorrrnilnl;l f aCt,:rf .,:Jr:ir ,t, .,rJLe?- Lrj;niJlr,-:ilLiJi.:,
and sky cOver ,]r'e tlr't ter prr:rt ictors rlf var'ilt i,.:ns rrr l.i,plrrilrrirr;r'i i. !...11..:i i: i rtr-rrr
anrf sLorr'1g77.. Porak anrl Irarrquilli {1qll } rr,:i,:,t thrr niqrr l,np:n,Sernerir,r.aLes
hy the Kirrcaid Generatinq ltat ion at Laxe \angcllris s(=f:n{iJ to he Js.,lcirlriJ vrir,n
lrrw water lernperaLures. At Cof f een Fower irtai. irrn :ne,lrt rr,ltqr- te,nperaLrjres ,li Lit,j
intake were n0gdtivtly cor.relateC (r = -0.595, C.l.( lsVtri ) riitrr imilirl:lc,ntrlt

'-ites. The morle I trserl to dcscr ibe Lhe (:orrc l,:t ion ,lccoiJnie d f or Ji pr:rcent.
,a(r{ = 0,354) of Lht variation observerl , !npirrqrlrn+rrL ratrjs 11{t:/ Jls:) h,-, lint.u:l
to exLrernely hiSh waLer ternperatures. ilumbi-.rs of ,f i:ir i,rrpirrrlr:r! irr{rease,Jr.irr
Augttst (rable 12.4i as mean water tenperat,rrrs,rL Lhe intakc r.errairr*,:ri ab,Jve J2.e
anrjsurfacewatertemperal.ureseXCee(Jt,tJ35.C'

EstinraLeel annual irnpingernent by species for the prriotl ilgvr,qt)rr- lgl9-{-tct,-rbrr
l980 is pr'esenled in Table 12.5. 

;!1ly-u_l _inpirrqernenL lo5ses:ilptlcdt.c.J r.11 tr* , i
,nirl la] anrl woulrJ 1ot bq cxpc-cLeri to rrclrimerrtaily irnpac,, r.rr1, cof Ir-,gr1 1-,1111 

':'l'

fjsJlgf-y. DaLa presenterJ in Iallle i2.6 rlescribe'Lhe irnpact r)t',nnual i:rrllirrilc,nent
at Cof feen Power Station irt tclrns of po'cerrl loss lo Lhr-' storrtl irrq cr,)l) o, ,,r,,u.,
inCoffeertLake..IlrjswasaccorrrplislredbyuLilizirr3fishsLanrlingcr.op
estirnates rJerived f rorn fortr cove roLenone sarnplc's (Section I4, her.eirr).

.lgltgl-i!-y-{gq-!9--l-'nP-llg:g}ql!f*i19!u:qd Jqgses. t,o ilre f ish lo'puraLioyil of corrtren

ij9=fgJt-glt-f-I-qu0.04J *6%-.tt-v wei-ghl -anr1- Q,0313.4 { fry nu!,rber' . 
",

--\
From a f islteries rninagement'perspecLivo a:nuch more subsl,lrt,ial r-r:elucLion irr Lhr.. .J
standing crop of gi zzard shatl and bluctli ll worrlrJ certairrly br: consid,:rert arlvan- t
tageous (Carlancler 1955, Jenkins 1957, Parker lg5B, gninr i958, Arrrlerson 1973). I
Bluegil I f rom cof feon Lake were sLunted ancl conserlrrenily vcry ferv irrclivirJuat, 

'-
reach "minimum qual.ity lengLh" as def inect ny Anrlerson (19/B). GizzarrJ slracl' ','

serve as the nrimary forafe specigl j,n Cof.feen Lake-; horvever, it, appearerl .that ',.-1 . -.-..-. ' .::-a ::, , :: .:r. ,- , -.::they grew beyond usable length by,the mirldle of thCir seconrl surn$rei-, Antjerson .

(1973) recornrnenrled lcw to intermediate arlult gizzarel strart bionrass densities'' i U
to 90 kglha) in order to achieve a balanced fislr c:omrntrniLy. ,., -'.

12.17
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Ta xa Nunlle r s ileight {q)

Gi azard shad
:.

Bluegill ',,
:l

'l

',,lh i te c rdpp'; a
a. ,

OrangespoIred sunfish
..

Largernouth bass

Channel catfish
l

0f lrers

27,l3i.
.

I 
' 
B9B,

646

144

50.

59
:

268

--.:-
3(),206-

328, 1 ()4

4 3,866

3i?,17g

?,204

?-0,a79

6, 193

_*2J.U
.

435,624

't2.lB



Table 12.6. Estirnated impact on the stanrjing crop of f isnes in Coffeen
Lake due to impingement inortal ity by the Coffcen power

Itation. Percent-loss (weight and numfrers) = estirnated arlnria!
impingement (Table 9.5)/stantting crop x a46 hectares.

:.,

Average standing crop_.! 11:tL Percent loss
Spec i es kg/h a no./h a w[. no,

Gi zzard shad

0luegi I I

i'lhite crappie

Crangespotted sunfish

l-argemouth bass

(l'iannel catfish
;!:-_--- 

--_:tt

267.5

52.r

4.5

2,2

'7 .7

34.5

10, 197

?,?45

42

iBB

25tj

460

0.3

0.?

1.5

a,2

c.6

0.04

0.6

").2 
,

3,4

0.7

0.0r5

0.03

.|2.19
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A.COrnp,frison of estimaLe(l itlnual impin'EenenL ,it ir:{ i-tafi li.:r'r{,-.r Ii.tt.irl.n 11ilil: ?;1:-;

other electrical gcnerating stdLions locaterJ irr ccntr,tl i.!lir'rot': l\ pr i'\." i i i't

Table 12.7. Al I three power pl'lflts are coal-f irr:t! rlrlJ iritnrlr"t' {ilr)liftii ,v}l'r''

f rom an adJ.lcent. co0l ing i{ater reservoir'. lo-l.i ! ixrp.inernllnt hJs slrhttnnt I tl,l y
/

!$el:at-Col-[ecn-Jhan-al-*ei!lp,L-11!.t1*caid._!l1 ?a.l 
lng11 Poler St" rt ionr . (t I '.n .1n::

llilburn (1979) found a correlation lretweerr generating canacity anri art(luJl ,

inrplngemeirt when various Gr.eat Lakes power staIions'r/ere ei]nlpareij. ThaL

relationship rras not found in this exarnple; otlrer fact.ors {int,rirr} ticsign,

<Jensify of f ishes with il propcnsity towtrrl irnp'ingernent and the rfelrrre f o wh'ir.h

f isires were attracte<i to the intake) were eviciently inorc lrlporLant. Laxe

surface area was inclurted in Tabl e 12,7 in orrjer to qive sorne inrl icaLit)n r.rf ',rr;i
reldtive irnpact of differing impingement losses. Pennett (:.970) conclurJerJ LheL

surface area was a betten predictor of the carryinq capaciLy of a body 0f -rratt:r'

than e i ther vol urne or depth.

..
As a rneans to further evalunte the irnpingernertt proces5,.tt. Coffeen fowrtr'5tltion,
the coef f icient of condition, (KTL) (Carlander 1969), of inpirrrleJ f islt w'ts

compdred to (KIL) of fish collecterl !y qlecr.rofishinq in t.lre irrtak,r.ovr:. i4earr

(KTL) f act0rs efcre tested (t-test) for spe€ies r.ollr:cLed approxi,n,iLu|) th*,, e;,1,1

r!ay. H€in lengths of thosc groups comparcd for cri... iLion v rl,res rcrt: f ir-rl
testerl (t-test) for statistical equai itv iP<0.05). Alt I c,1.',g-s-,--,;on11,i.i.-.1ir.1 .1f

i{pinqed f iih.was siUll.U-'lS-O-rrtlf-(L$*-L0lJ;.lower..llion c-ondition of lt-s.!r eq!-l:rteO-'

w(Tab|el2.B}.Theredataimpl{jedthat!]|ligg:lfisli.wcrein
poor borly conditlg_f:rr_t? jgllginJr:ls,erl, co11gr1ygl!ty tlqil1,4-c-9qt-lp_!lltv
to tlie inpingement process may havl!193t.-i.$Lq,lse,l. f[rt5r,Lhe i+rpinle;1e{t

process was sel4ctively e'liminating f ish nhich r{crri, d'lreatly strttsli}d oi
weakcned. Simi lar f indings have been reported ti'y fr:o-i4lrint {1930} attrl Porai

and Trartquilli (lgtil ).

-Certajn ofrerational anornal les existed durlng the strldy period wlli.il *,1-v hivil

contrlbuted to a slight un<Jerestimation of impingement ratQs. Car'ry-over of

.,fish ras observed for all trravelling screens bul. in varyinq rteqrer:s.' f ish cr:rllil

not be removed from the screens antl the magnitude of the problern coitld noL br:

.quantlf ied.. The bulk,cf the carry-over p.roblem wds I irnitr:rl to 4I* rrf 'si:( i'ttdko

_screens; CIPS personnel rectifted the:'situat'ion try cleaniti.,l tfte.lel Sprayeir'on

li'
3.

I
I
I
I
t
I
t
I
l'
t

'-: .+
:::. :,.
i:l.l: '

I
I

...1,

,l.
|.'':.''l



Iable 12.7. A comparison of estirntrtrrd dnnrrrl inpin.-;erru:nt tt thrrie
., electrlcal generatinq stationr lot:*lsrj in centr,al lllinois.

Locat i on

n'l{'g9t Ig[Ulglneg[*
llumber lle i ght Gi'lc'J Lake slrf dcc ared

fof f cen Power' Stat ion
Coffeen Lake

llincald Power Stationt
l-ake Sangchr i s

Da I lman Power St at i ont
Lake Springfield

30 r 206

I 58,B53

995,501

435.6 kq

3,062.8 kg

8,498.0 kg

945 446 ha

|,732 E i6 h,r

360 l,?lj na

*Porak and Tranquilli (1981)
tGeo -ftar Ine ( 1980)

12.21



Table 12.8. Comparison of ceindition [K(IL] j of f isir
C*nerating Station to those col l,:cted b/

impinqed at the Coffecn
electrof i shinr.l i n lhit

i ntake cove.

0a te
Sqmple - li zg (H) l,lean K(TLi
Shock Imp i nge-d !hock lmp i ngerl t-vaJug

Gi zzartj Shad

2B Nov. 1979 53 s4 0.7 27 0.518

l:l Jan. 1980 ?7 27 0.943 0.496

2i; i4ar. 1980 l? i5 0. i04 0.506

30 May 1980 25 23 0.918 0.541

Sluegi I I
25rl4ar'. t9B0 lf: 1.448 l;2 lB
*Stat.irtically sigrrifjcant at 0.001 probabi lity level.

l6

9; B9r

9.33r

9; I lr

10.90r

4.17r

12.22



that screen on 26 February 1980. A secontJ anonaiy co|icernerJ Lhc inoperabil lty
of travelling screen number one (Unlt l) cluring thc initial lg9 days of t.lre J65
day lmpingement study. Since stop-logs werc flositionerl in fr0nt of r.haL

tr'av€l ling screen, and n0 water |{as puntped through that area, the resu'ltant
l/6th reduction In intake screen surface drea may have translated into some
reduction ln implngement rates.

12.23
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Tltree methods of sampl ing were employerl to stuely the entrlinrnent c.f f ish I arvae
and egos at Coffeen Power Station. Tlre primary method in-orporated two s.rrnpling
systems as depicted in Figure 12.4. The pumps were lo* volurne centrifugal pumps

(2 hp., electric) with a capacity of 0.44 m3/s at 3.05 m of hearl. lllter was

pumlled through 3.Bl cm (diameter) reinforced hose from the intake bay into a'l
plankton net (rnesh size 0.505 mnr) suspended in a 55-g'il lon tJrun. The water:

level in the barrel was maintained such that the discharga lrose rcrnainecl

', submerged. The volume of each sample was neasured b-y water meters (ilockweII
nrodel ','J-160 i)lt) placecl at the tcrrninal portion of both sarnpi inS systerns.

T|enty-four hour samples rvere collocted twice each weck fron 5 l"1ay to II July
l9B0; frorn '14 July to B,Se;rtember samples weie collec'tetj at weekly intervals.
Santples were taken through the six grate openinEs located jmnediately in fr.orrt
of the travel 1 ing screens (Fi g. I 2. I ). To conrtuct a' 24-hour, ,r.uuy:boilr purnp

'samplers were assernblecl in front of the same circulating r,later purnp (one rvhich

r{as operating) but at differenL grate openings. During each 24-hour survey, the
:two sarnples were pumped f rom two d jf ferent depths. Samples.:were preservecl in
1Ofl formalin (wit.h rose bengal), sorted and storerl in vials containing 5%

formalin. Larvae were counted and identified to the lowest possible taxon usirro
tlte most recent keys available. Fish eggs were counted but noL iclentified to a

',.taxonom'ic. level. Larvae and eggs were expressed as'tturn[s.r'per 10 m3 of water
s arop le (1.

The second sampling method involved towing paired plankton nets durirrg claylight

.,hours at weekly intervals from 26 March to 20-August 1980. 'Five tows were rnacle

::i6 tfig,'intake cove,, with each tow beginning inrnediately in f ront olrthe iltake
.'structure. Table 10.1 (see Sectiott 10, herein) gives further explanalion as to
,.:depth and duration of,each tow. Ichthyoplankton tows irr the: area of t,he intakc
,..have been found to yield d il0rs dccur:dte assessrnent.of entr.ainrnent than either....staLionarynetsorin.]inetaps(LeeF.Graser'pers..comrn)
..,:: 
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Dirchorgc hors

55'gol drum

Plonkton ncl

Ccntrilugol

PUtnP
rnCIC'

Intokc horc

F i gure 12-: 4
. ll: i. :.

Low volume pump sampling system ernployerl as the
primary sampling method for the entrainment
investiqation
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The third sampling technique was an atte,npt to sirnulaLe the intake velociIies
which are conventionally believed to entrain f islr larrae and er-;gs. S,rnrpliril was
conducted using two modiflert f{aite-0'Gracty samplers (ilaite ind 0,Grarty l9ttp) irr
the..areainrnerliatelyinfrorrtofthet,u,t.,t,u,,,.0re,Jaite.{),Gr:ady,unpt..
(Fig. 12.5) was conceptuallzed as d rne,lns to Inore accuraLely ancl conveniently
sample zooplanktorr. |lowever, it has also been usec successiut ty as dn
instrunnent to prs(ict entrainment losses as part of a power pfunt r,,rnn study.
For the purpose of this study, several:modifications were necessary, including:a
larger pump (.|750 gph), a larger net mesh sizs (0.56 mm) and a larger plexiglass
tube.(8 inch 0.0:). The initial intention was to operate the daite-O,Grady
sarnplers over a 24-hour period; this *as attempted at weekly intervals frorn 3
April to 2 l4ay. However, the purnps were incapable of that kind of sustained
operation. Therefore, a less intensive sampl ing scheme was (lesigned. Beginnirrg
B l4ay and continuing at weekry intervals until l, ,,,nu, l5 minrtJ ruplicate
samples were taken at the surface, 4, and B meters. This procerture was
completed once rturing daylight hours and again after sunset.
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A total of 732 f ish eggs were col lecterl in primary errt rdinment sarnples. peak

densit},wasrecorded12.l3May,whett5.45nggswerecollactedper.l0n3of
water sampled (Tahle 12.9). Fish eggs were collected only cluring the month of'
li|ay;durinq.thattirneanestimatetl7.3mil.|ion]eggswereent.rainer|bythe.:
Coffeen Power Station. tlowever, the Ioss of several mi'llion f ish eggs appears
mirtimal given the prol ific reproductive capabi I ities of rnost fish species, The

estimate of total eggs entrained was clerived from mean egg rlensity (z.l/10n3)
multiplied by mean cooljng water flow rate for l4ay (.l5.45 m3/sec) rnultiplied

I lected 21t] f i sh eggs anrJ

calculated a total estimate of z,z nillion egqs during the l9/6 spawninq season
at Lake Sangchris. Fish eggs were not identifietl'to a taxononric level, but
given the size of the eggs anrl early date of copture the major.ity were probabl.y
giezard shad eggs.

A total:of 3,430 larva'l fishes were collected in prirnary entrainment samplipg
conducted 25 April through 9 September l9B0 (Table .l2.10). 

Gizzarct shact larvae
dominated entrainment samples, comprising 83.6{ of ttre lotal catch. Lepom.is
spp. larvae comprised 14.31 of the total entrainment sampie and were the only
other taxa col lected consistently. tlhite crappie, althouqh relatively cornnron in
ichthyoplankton,tows, were rare in prirnary entrainment samples. Largemouth bass:-
_lgtygc"lels lot ggt leqted gnd.Sannel_-Eolt i:l51e_Jlcoqryot_jx--ihe**zg
entrainment samples. This sampling system was designecl to al leviate the problern

of mutiliated and thereby unidentifiable larvae. However, a small per-centage
(1 .211) wer€ darnaged beyond recognition. Porak and Tranqui I I i ( lggl ) col lecterl
21,720 larval fishes at the Kincaid Power Station in sampling s.ysterns nearly
identical to the pritnary system utilized in this study. At the Kincai<l Station
the percentaqe of gizzard shad larvae collected was similar to the percentage
found in,'this study btt- the percentage of Leporni: spp. larvae was nruch srnaller.

Larvae , f,list appeared.

in qreat numbers until
in entrainment samples on l5-l6 May but were not collected
26-27 l4ay. Peak density at Lake Sangchris occurrerl on 24

| 2.28
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Table'12.9. llunrber and entralnrnent rate (l{.J../lOn3} of f ish
' .', ' : '*ggs col lected by primary enirainment'sarnpling at

',,' ttre Coffeen Power Station.

0at e No. tlo./lOn3

5 - '6

B- I
12, -'13

a:

l5 - l6
'19 -, 20

:

22.23

26 - ,27

29-30

2._4;

4,07

5.45

0.0

3.5

z,'35

0.0

3.1

l,lay

May

t4ay

tlay

May

May

May

f,'lay

60

I

240

0

215

147
1!

n

69

732

| 2.29



Table 12..|0. Total ntmber^
col lected by

,, conducted 25
the Coffeen

anrl percer'lt, 0f tota | 0f 'f i sh 'l aryde
primary ontrainment sampl ing
April through 9 September 1980 at

Power Stat ion.

Taxa Percent

Gi zzard shad ,l

Lepomi s spfr .

l,lhite crappie ,

Channel catfish

Bul I heads

Unidentifiable larvae

Total

2,869

490

:$

2A

I
I

.:42
.-.
3,430

83.6

14.3

0.2

0.6

0.03

1.2

99.9

r 2.30



j',t

.:.|{ay.Ihgn44,7|arvaewcracol]ected.perl0rnJc,fr{'ersamplcrJiPorak.a:rrt

,, Tranqriitti t'gat). ipeal< tjensity atr.Lhe coffeen pe,rer sLation or;curred l?-ll Junc
when i8.05 larvae were collected per l0 m3 of watrr samplert (table lZ.it).
Oensities of fish larvae were highest from ldte tJay lhrough late iune (?6-?l i4ay

a3-?-4 June col'lec'tion, entra!nrner-rt tlensities .

i', declinert and remainert below i.0/10n3 except for a small increase in ear!y'
August attributable to a second peak in Legomi:. rp;;. rpai{ning activity. Gizzard
shad were collected from the middle of llay to the middle of July with peak

densities reported in early June. Lepomi: spp. exhibited Lwo peaks in density,
one in ear)1'June and another in early August. tlhite crappie were collected
from the rni'itle of May to the rniddle of June. Channel catf ish were collected
only in june, with peak density occurring on 9-10 June,

To assess the impact of snlp6inment upon the fishery of Coffeen Lake an

"instantaneous stanrling crop" of larval fishes was esrimated and Lhe peacent'

,loss to that standing crop.was determined. 'fhis evaluation:of entrainrnent
losses was conservative, i.e., worst case, iil two regards. First, entra.inment
mortal ity was assumed to be 100 percent, irowever, reeg0_t*s_t_q!ies_ have

sgllll3lrAliat--a-r.Ld-q rnnse--ir-!pr!.ar i !.r-el .q.| al..ajil;;;l'il' t I r t o
I00% )-eJl!*s[ q0d--v!t-t-qg Jlgl!-l-al!*!g*?.]-g1t'*119*!-e!tggl, qpqs i e s (i,'tarc y r e 7 r ,
Cannon et al. 1978, Schubel and Marcy lgZA).' Second, "instantaneous starrrling

:hyopl ankton tows { Sect ion
10, herein) but frorn the lower' 6BX conf idence l irnit in order to yield a ntore

'coniervative estimate of the abundance of larval fishes in the reservoi'r. Da'ua
:pre'senlerl in Table 12.12 demonstrated that Lhe percentage of the larval gizz116
sh-ad standing crop entrained increased progressiveiy f rom 7 t'lay unti I lB ,lune.
At maximum standing crop (4 June) the ent.rainment process accounted for 6 ls55
to'the standing crop of I .4 percent. The continued increase 'irr percert lo., l'

after,4,lune probably reflected the increased size of'larvae and the ability of
the entrainment sampling systern to collect larger specimens than could be

captured in ichthyoplankton tows. Aft.er lB June larval densities of shad in the
reservoir were too low to calculate a standing crop estimate. tntrainment
iqqggg3-ggflg-ltJy-gt.lgpor:t .rpp,.-la.r-v--a-e..qpps.1rc-{. !q.Irnve- m jnirnal ef fect on the::.]-.-.i-...-"---:"".--'^-'::+--':::.-]:.'-.--'.-,."-..:.'"

.standiig crop of those'-,lg"yl.l--fishes. peak standing crop of Lepomis spp. fi;;;eof Lepomis spp. larvae
6"ccirFaaz*.1uil-;il;;;;t loss ctue to entr,ainment"was .*r..rurr n io.ouil';i
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Table l2.l l. Entrainment rates (No./lO m3) of i,arv'a1 fisheq at the Coffeen Power
Station 5 llay through 9 fuptember 1980.

Co I lect ion'Period Gi zzard
Sh ad Lepomi s Pomox i s

Ch anne I
Catf i sh

ljnideni.ifiable
. f ishes Total

0.02

0.02

0.r9
2.90

5.80

I 0,05

r0.95

r.40
16.85

3.90

I .45

2.50

0.60

0.60

0.20

0.40

0.60

0.22

0.02

0.02

0.02

0. 21

3. 20

6.19

1 0.85

12.57

2. r0

r8.05

5.ll
r.95
3.57.

0. 7l

0. 84

0.20

0.47

0.64

0.31

0.03

0. l2

1.02

3.64',

0.20

0.20

0.30

t
T.

I
l,

I
.

l..

I
t
l
f.,

l,
I

.

l-
'. : :

1.,

I
r";i

,fn

I''
. .a::t.: a

t'

0.09

0.30

0.30

0.80

I .60

0.45

0.90

I .20

0.50

0.62

0.07

0.20

0.02

0.05

0.01

0.25

0.05 0.?.0

0. l0

0.02

0.02

0.30

0.0 2

0.02

0.07

0.04

0.07 0,02

0.03

0.30

0,12

1.02

3.30

0.20

0.20

0.30

0.04



Iable 12.12,', t{gekly,'instantaneous standing crop,, of gizzdriJ
shad larvae and the oercent loss r-o that
Standing crop attributat;lr-' to erttrairt:nenl
nnrtal ity,

Date
Stand i ng 

^crop ( xl QJ)
Pe rcen t

loss

7 ilay

l4 l,lay

?1 tlay

?8 Hay

4 - June

I I June

I B,'June

'| 
,41 I .3

7,599. l
:

14,329 t7

I 04,758.9

156,595.-6

4l ,795,0

I 4',2i3'.8

0.04

0.r0

0, 55

1.40

4.60

r3.30

r 2.33

::,.

l,lr,..- ,:i
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that time (Iable 12.13). Ihe hrghert pdrcenr lorr {3.61} .,t thr. Leponis
ppr0rlrnate! y l*q Heoks af ter (he aci']Lll.lrii-'j

of a sccond peak In spaxning artivlty on 30 Juty.

As a means,,tg innovdtively sarnple the entr,linment +f f ish larvde, lwo rnrdifled
t{aite-0'Grarly samplers Here constructed anrl operaied on a weekly schertule
inurrediotely in front of the coffeen Power station intrke <r(.re€ris. A total of
six larval f lsh were c0'llected in tlaite-0'Grarly 5t;r;rnrq taor ;eeily sarnple (B

lrlay-13 June) consisted of a total sampling efftrrt cf tB0 minutes. hviously,
this ,t*1nod, a9 appl led in this Investiqar-ion, was wholly inef f ectual.
tneffectlveness of the saoplers,{as appJrently relar.ed t0 the pilor perfornance
of the subrnerslble bt lge pumps.
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lable l?.13. lleek ly " lnstantanrous slendi*g *r*p,, of -gI:_:, , tpfr. l,trvae and the perrr:nt lo95 to tbdt-:---'
nrortal ity.

Da te
Standing-

crop (rlQri
PErcenl

lclss

28 tlay

4 ,lune

I I June

l8 June

25 June

2,hlly

9 July

16 July

23 July

30 July

fi Aug

13 Aug

20'Aug"'

1.736.9

501,Bl | .6

I ?tl,099.0

30, 396 . 4

11,941.4

15,740.9

298. 5

I,465.5

?98.5

15,469,6

ll,l?7.2

B,684. t

8,6g,4,7

nnFrr,vJ

n !:it- l I

U. h:J
.:

il.61

ft ll

4. .t'l

-t Iitt. rrf

*:-
r'l 7Aa,.Lw

3. l0

B.60

u.5?

: ' - :l::l

,r, .,,;t''.','tt,

I ?.3$
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r,l chrisoteucas)'_lJ-1* irl:.!*ds (Icraruruslmelas),: and_L11!te_ s-t:-aprri*s--wer:_e_.round'! !9-Pl i$Iltr*.'grugrt'u-- u*bron,,r*.ut-. Qlglarrt shart, altfroush ,r;; 
-

,. I --l-d:Lv j.ilt.tlyteq.,*!9t:e--o1s-q*f.o-u.d -in-.grSpj-9.t uuuiJunce'-at u*bl.nt 'focat ions.

,'l .-[., c@iliutria-py^* encountered rnost rrequo-ntrv it the heated samplinq siarion
'._ ff -hE *dA,;- nri_to*[tre.-i:i.irl-.-.r qngq*"1 1eei,n,,_"-:oin;;"

,,I species were equally distrihuted throughout ilre lake or exhibited a spatial.: distribution rhich was unrelated to the thermal gradient. Surface water

,'..': : - SECfl0N 13

'l sPEct[s c0Hp0srTrON, ArluN0Ar{c[, rilrt) DrsIRIttuTrON

.:,

by :

Lance G. perry and John A, Iranqui I I i

. :. ATJSIRACI ... .

0ne-hundred-ninety-two quantitative fish sanrples were col lected in Coffeen Lake,
a thermal ly altered reservoir. Sampl int was conducted bimonthly at four
sanrpling stations from,sepfember lg/B through July 1980. A tota I of ?z species,
representinq l4 genera, seven fanrl I ies, and various Lepomis hybrirJs were
col,lected. Gi zzard shad (0orosomt gg$_anu!)l a.d rr-r uegi r r (!g!giuL -

m,aclochirus) dominated the nuqerical catches, represent.ing 40.gs; ?8.?%,
respectively' of the tota!I fish catch. Six species accounterl for gt4t,; of the

s ing abundance: carp
(cyprinus- carpio), gizzard shad, largemouth b,ass (tlicrgpteru: salmoides),
channel catf ish (lctalur"os'pu!-ctatus j, bruegi t 1,,' ail white crappie (pomoxis

4!gl-g!-1). Greatest [ll!-bjq!{s rias obtained at the rhermatry'u*ulerll--.<-:'.-i silt]Ig*{a]|i:1je!-l9lgg*91$e-!eg!q4-5t-a}ion. rbiden shiners (Notemisonus
; -',-'-l--

!:lq.t.Y xer:L-a-hishly-sisn!f icanr:inf luence qrr aisiiiUu.Li_o^1-_1

1f-I9:!:ggges. Several other environmental variables are ctiscussed as
potentially important factors governing the distrillution of fishes jn Coffeen
Lak e.

':: ,':,q,
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Electrical power generdtion f rorn fossii fuels r:erluires t-lre use of larile vorumes
of'surface water to rJissipate waste'heat and occaslonally to transpor-t other 6y.
products of the generation process. Construc'uion of cooI ing iakes is a common

approach'to insuring a rssdy-supply an<l sufficjent volune of water to meet these
demandsr ,,Although such lakes are usually corporately constructed, owned and
operated, the Clean l{ater Act amenrJrnents of 1977 (f,L 92-500) sti ll apply, i .e.,
lake water quality must be suitahle 'for protection and propagation of fish,ll
shellfish, and, wildlife by 1984. Consequenily, impacts of chernically'and
thermally enriched effluents in:cooling wat.er impoundments are of some coneern,
and have prompted a considerable aflount of research focusing on cause-effecL
relationships in those sys',.ems (Gibbons and Sharitz 1974, Isch and I'tcFarlane
1976, Thorp and Gibbons 1978, Talmage and Coutant l9B0). {onetheless, many of
t h. tlp*errcttegli-sf rlss:l! gu t t Lry -go-{qs!- j n her e n i.*in -b*q1h-l,jlfr[{,,
artd nuclear production processes, rg!-41-a-lar:ge.ly-,specuLative. ilevation of
ulbl:$-$!er-Le-onelo!u-r-e!J. Luvolriol-e.r; gi.rggt1yleurur toTrsiJr-;;oru
p9!e!U3|.11U_eS! oI-g,tiliq!g,'!__tqr!?_g_Lar.y,lg-jncrea:es, bur rhar.facror alone

fE94,:qrcTot+*"*,r-sre u-l-:lreo-t-rq- f-: { srtlrl : !-i.. : .-LL y jiry . i . l l.
Lemporar.y and local i z_ed na!u.te--o-f-su_cli everrts. lLess obvious trut ef,iai'iy
important are st;"esses that are iltduced at,.sublethal ternper.ratures, insof ar as
they exceed optima, since these rnay tend to alter norri'ral physiological lnd
behavioral fttnctioning of exposed f ishes. . Sublethal ,heat stresses cou'lcl be.
manifested through various pathwaysi', by a,recluction in dissolved oxygen, by
increased susceptibil ity to pol lutants, diseases, or parasites, by mod.ification
of i'nnate beltavioral- responses',associated rvith reproriuctive activities,
pred,gtorr-prey interactions, or .territorial ity, and iry alteration of normal dai I y
and-'seasonal activif:ies such as :feetling and movements. Therrnal inpacts are not' ' : i+.-'*:-..*.*.*,-'-

@3]-!Jj.t!E,.-[9'ge-ver.Benefits]ofthermalloac|ingmay]
i n. r ua. d;;ql:null".'jr;;i;i- .;' r ons;" s,.ffi',q ;;;;' ieirro; 

"]'ditr"
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Trangui I I i et al; lgAl ). . ,: . .:' '', ,

'-'Currents le-Stabl'ished'by ciiculaiion of cool ing water rnay prodtrce ,d'nt6r'e
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!:r. '' iilton 1970). In short, the process of electrical power generation nray pronrote

#_- 

-

*ii; :

f##*,*r,. *;i.;:.;i";.+;i=i



.il: .i:::

chdnqes In the natural thermal .ln<j chernical reqlrn*s of rcceivinq s-ysLens whic4
:

in turn may lnfluence trophic level inLcracLions.rrrtl promote c.hanqcs in ilre
natural processes of f ishes at the'indivilrral, populatlon, ,tni! corftnuniiy lcvels
of or'ganization : : 

l

A mrt []tif aceted sttrdi,of the f ishes 
:of 

Cof feen t-ake, a cool ing rvat er irnpaundment
for Central lllinois Public Service Cornpany,s Coffeen power Sru,,nu, *.,
lnitiated irr Septe,nber l9/B as part of a comprehensive investiqation designer! to
evaluate the suitability of ihe lake for suppcrting o rlesirable .rquatic
community. Data collection and:analysis werc coriducled in an efforL to dssesg
the stattrs and general well being of the lake fishery and to airl in rglating
those findings to the physicochemical anrl thermal characterisitics of ttre take.
f4ajor objectives of this investigation were (l) to ascertain the species
compq5ition of the Coffggn Lake fislr conrnunity, (Z) to estirnate the relative
nunerical ancl biomass rtensities of those species, and (3) Lo deternrine
spatiotemporal distributions of major spt:cies onrl ident ify env jrorrmenr,crl

variables that influence their distribut.ion.

MATERIALS AND MTTHOI.]S

Three nrethods of collectjon were utilizerJ for sampling the fish cornmunity.
These included a 230-volt AC boom-type electroshocker, 45.7-rn (150 ft, )

experitnental gill nets each with a series of sjx 7,6-+n (25 ft.) panels of 12.7,
24.5, 31.8, 38.1, 50.8, and 63.S<nm bar nreasure rnesh, and <r l,'6,n (25 ft.) bag
seine. This combination of methods was chosen to obtairr samp)es which were
representative of the various habitat types within the lake anrt representative
of the broad size range of fishes which typically cornprise a lake cornmunity.
DifferenceS in conductivity between samp'ling stations necessitatecl the use ol
two types of electrodes with the electroshocking apparatus, Electrodes: ' .

constructed of flexible' steel co'nclui L.(2,5 cm diarneter) were used at Station 4

(Fig. l3.l) where conductivity was:lowest. Because conductivities at Stations
I, 2, anrt 3 were generally higherr.a rdmificat.ion of the high lotal rlissol.ved

13.3
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Stations ( l. 2, 3,,-fnd 4) and substations'(southwest, northwest.
hortheast, and southeast) utilized for bimonthly samoling of
Coffeen Lake fishes. Coves utilized jn obtainins standinq croo
estimates dre encircled
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'El

sollds cOntent of ihe'water (section 3, hgpsin), braidr:d st.eellcohjleg (6.4<nm

dlametei) H€r€ utilized to reduce contacL,it(rrt trgtween t*hr-. surface of eaclr 
':

electrode and the water. lhe srnaller electrodes proverl to be fxore ef ficir:nL aL

irnrrrobtlizing f ishes in areas of high conductivity, presrrrnably br-,t:ause they
establ lsherl a *o"e concerttraterl'f ieirl of electrical clrar.,qe comparerl to that
produced by the larger electrodes. Ihis method of elecLrcrte exchange was

followed to elimlnate or at ieast minlmize clifferences in catch rates which nr.ry

have occurred as an artifact of the conductivity g.uJiont. 0ur observations
indicated dpproximately equal electrofishinq effectiveness at the four sampl ing
stations(seen.elow)afterthispatternofelectr"odeexchattgewasadopted'

Electroshocking, gill netting, and seining were corrducLecl every other;nonth from
September l97B: through July 1980. Each birnonthly co1lection inclurJed four ::

replicatesubstat.ionsamples(southwest,nort.hwest,northeast,anrlsoutheastj
from each of the four samplinq stationsl (rig, l3.l ). Each substation sarnple
(=one unit of ef fort) consisterl of pooletl catches f rom: one Z4-h experiment.al

t:gill net set, one shoreline bag seine h,rul apJlroxirnately l5+n in disLance, an<!

l5 rninutes of daytirne electroshocking paral lei to the shorelirre. Usually nine
field days durinq mid-month were required'to nbtain,the complete lakewioeiseiies
of samples. Day one was devoted to gili nett.ing at SLation I anrl seinirtg at al I

stations. Gill net s'amples from Stations 2, 3, and 4 were obtainecl on days:Z-5.
whileelectroshockingwasconductedondays6-9,usttal1yorrest.ationperday.
All fishes were iclentified to species (except Lepomis spp. lryhrids) with the aid
ofSmith(1979)..i.lumber.of.individualsunotoilt.*Jqht(sumofindiv.iduall
weichts)in.grarnswererecor:ded:foreachspecies..

Distributions of the l3 most rJominant species and Elgmr: hybrids (Table l3.l)
were analyzed statistically by util izinq biornass (catch/unit effort in grarns

tran'sformerl to'Log: l0 (x + 1)) as a rle-penclent variable jn a 3-vr;ry analysis

lThe^bimonthly.sampling schedule was follo'aed throughout the sturJy except

.. The January lepO.sample:was collecte{,between 20-21 Decemt:er 1979 (giII net and
seine portions) and l7 January l9B0 (electroshockirrq port jon). nn'ictrtitional

. Statigl 4. sample was obtained on 19-20 Felrruary lgSl (Tatrtes r\13.1 anct At].2,
....: .:,: 'ApOetidix to this'document),,,immediately after ice-out, anrl was jirclurle<l:with'

the January l97g series to complete thlt sample: _ 
rl.s
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I

ol variance witll y6161", rnonth, anrl itation as indeprlridr-,nt class variables, and

surf ace water ternperatures as linear anrl quadratlc covarrablr:s. A ,nir:crl rirode I

was speclfied since years anrJ months irere dss(rnerl to be rlncJo,n temporal
ohseivaf ions wltile staticn locatiots wer,e est.lbl isire,J'(f ixerJ;'t,y ,s. The nain
effects of months' stations, an<l treatrnenLs (rnonth-by-station interaction) uere
subdivirlecl into'selecterJ comparisons to facj l itate detecLion of spatial and
temporal rtifferences in fish hiomass. The log transforrnati0n ttds performerl
prior to analysis to stabilize,variances of treatment means. Bionass, rafher
than numerical density, was userl in the mortel as a measure of fish abundance
since the total weight of a species is less affecte<1 by annual variation in
r^eproduct.ive success than is nurnercial abundance. A series of partial
correlal.ion.coe.f,ficients were also calculated to identify relationships between
catch/effort of fishes and selected biotic anrJ abiotic variabies. The latter
included physiochemical pararneters and biomass rJensities of phytoplankton,
zooplankton'anC benthos, data *hich were coi lected commensurdte with the fishery
data (sections 3,5,6, and 7, herein). The parLial correlation proce6ure
allows measurement of the interrelationship between frsh catch anrl one other
variable while all remain'ing variables ar-e held constant.

.Knowledge of the extent of the thermal plume in Co'ffeerr Lake ailowed statiorrs to
be designated as either heated or ambient based upon the deqree of thermal
enrichment at each site. Station 1, locatecl n€t'tr the therrnal discharqe, was

:subjectedtothegreatesttemperatureelevation,fo1lowedrespectivelyby
'Stations 2,3, and 4, each.progressively farther removed from the discharge
(Fig. l3.l). Station 4 exhibited little if any thermal influence (Secti on Z,
herein) and was accordingly designated as ambient. In adclition, Station 4 was

partially separated frorn the other,sampling statjons by a rai,lroacl causeway
(Fig. l3.l) which prevented lonqitudinal water novement except for that, whjch
occurred through two concrete culverts built into that structure. Sanrpling
stations are referred to by number or as the "hcated" or "arnbient', station. In

'other sections of ,this report, only the terrns:,',heatecl,, and ,,aml) jent,, are.used to
designate a sampling location. Those terms refer to the fol lowirrg locations:

'heated:= entire Iake reach'.extending frorn the thermal outfalI to Station 2

inclusive, and ambient = entire lake reach north of the railroarl causeway (Fig.
l3.l). ' ". I , ;i
.:-'...'' ., . :



., .::i:,-. :.
: :::.. j

::T"1;;:'1

ir;:-r:-: :
:,,.:t:.:t.:t:.''
i:,::j:r:: j.t:,::a'::- : -.':

i._.:;'
i'=.
:a a- :' :

i-ir::... , i.: .:
,i:t:.::::. 

: : .

,-:,:;", ;,

,i1:::,,r ,::-l'-!':. , .

1..'::,'"t'
1:-': :

:t::;:'

i;:,;.:' .,'
r . l.:i

::.,:':'l

[:as s '

sunf i sh

=f
l-r::r:

:.

I
I
I

I

l
I

j

I
I

-,II

l,
II

. a ..1

l'i
:: .t:

t,.
I;.

I.

; ].. . : .RESULTS

Fro-m September. l97B tc July 1980, a''total of ?-z species,'represenLirlg lq qcnera
and seven fani'lies, were collected in i92 quantitative birnonthly sa;nples.,,
Hybrid sunf ishes (Lepomi.s spp, ) 'rrere als0 commonly enc0unter-erJ but specif ic
identities represented in those crosses could not be detennined with certainty.
Gizzard shad (Dorosoma cepedianum) and bluegil I (Lepomis macrochirus) dominated
the numerical catch, representing 40.81 and ?B.zr of the two-year total,
respectiVely(Tablel3.l).Greens0nfish(Leporirii.cyanellus)rankedthjrrlin:
nrmerical abundance (6.ll) f ol lowed by I argernout.h bass (r4icropterus salmoides,
5.81), longear sunfish (Lepomis lneaalotis, 5.3g), rnonnu@
punCtatui, 3.7%), hybrid sunfish (Lepomj: spp., 3.6%), ancl white .rup,ri-
(Pomoxis annularis_, 2.0%'). tach of the remaining species contributed less ilran
21( to the total numerical catch; these inclurlecl carp (Cyprinus gefp_lg.), goldf ish
(Carassitrs artratus), golden sh jner (Notemigonu: _chrysoleuga-ti, ;;h.,rd minnow
(Pimephales promelus), bluntn'ose m jnnow (1. not'qtus-), rert siriner (l,lotropis
lutrensis), river carpsucker (carpi.odes carpio), quillback (c. cyprinus), white
sucker (!{!ollgmus. commgrsoni), black hul lheari ( Ict-glurus_ mel as), yel low
bullhead (1. natalis), hlackstripe toprninnow (Iynlg]ul no!:!:), yellow
(Morone mississippiensis), white bass, (M. chrysops_), and orangespotted
(fepoinis humilis)

Six species accounted for 94% of the total fish biomass clrlring the two-year
study (Table l3.l). They were, in order of rlecreasing abundaice: ..org-(31.5X),
s.i:!-iyjad (22.01), 

lu.rggsqq-th--t'uss (lB.Sri), ghallgl .-q!!jsh (1i.0*ll-bluesill
(6,gi,%),and.wh.it1c|3911ie(a.0%).0therspeciric-bio'ni'lcontributionswere:
green sunf ish '(1.9%)', hybrid sunf ish (1.3%),. ancl longear sunf ish'(t tz%). The

remaining species each contrihuted less than l1 to the total catch by weight.
As indicated abover,numbers of carprwere low but their consjstently large horly

sizes contributed greatly to the total fish biornass.

most effective method overall for capturing fislres as

and weight catches : 711( arrd 631, respecti vely, of thr-,

T

3.
t'

I
I
I
T

I
I'

,l"
-13,.|). ,ln comparison, gill netting
by weight whereis r'espective seining

l3.B

efforts accounted for
corrtribuLions were



Electr^oshockinq nas rnost selectrve for c,rrrr
for carp, the catfishes, anrl white crapliie,
a4d sunf i shes .

largernr;uLh t)r)ss, rJiI I netting,
tni6iri! for the smallt r ;rirrnows

The total b jomass of f ishes captuied tlrrring thc two-year sdinpling periott was
highest aL Station 4 (1078.6 ks), followed by sLation I (699.2 kg), staLiori 3

(67i.4 kg) ancl Station 2 (625,0 tg). l,tonthiy catches, in order of decreasing'
biomass'ivere: May (848.5 ks), March (5gi.r kg), September (561.6 kg), f,lovenber
(390.2 kg), July (36S.8 kq), anri January (324.0 ko), Further ctassification of'
catches by year, month, anrt station are given in Tables Al3,I arrcj A13.2
(Appendix of this report) and AppenrJix Tables ll.l ancl ll.2 (Tranquilli arrd
Larimore l9S0). Greater monthiy catches cluring spring and fal I seasons were
e*x p e c t.e d s i n ce:i ;[. Jr r-_lt-"$]_g_tf 9---g'r ; j il"d".jl 

. t ! "-;;T i ; ; ngt *,., i- r',. r u
!151::"1 '1*ll!9 ll{11g" !jjT,_!gTp_qt-q-!grq: g"ercrq[y prevs!r. r.Jiurin-rake
locations characterjzed by extrerne water temperatures (Stations I a116 4)
produced hiqher catches than thermally intermediate stations, but the Station 4

(ambient) catch was most pronounced since catches from all stations wiilrin or
nelr the cooling loop generally were 35-70S lower than t;he Station 4'total.

The analysis of variance model selectecJ for evoluation of fish'.ljstribut'ion
accounted for 271, to 74?( of the variation in catch/effort of the species
exarnined (Table 13.2). Signif icant rJ jf ferences .irr average catclr/ef fort tretween
years (i.e., averagecl over al I mcnths arrcl stations sampierl <luring a given !edr- )

were detected for tlrree species: ygl.!.q.q_.Q.ttl!l^.,9:t, chqnne! cqt.f_ish, anrt hybr.i:tJ-.
sunf-ishes (Table 13.2). ntt 

.L9.19 found to be qore abunrl_gLr.d11r !ng_.the f irst
ry.r. Actrla'l (untransfotniia) tein. f0; 

"ilrose 
spec"ies are prescnterl irr Table

13.;.' It is assumerl that those between-year djfferences irr catctr effort reflect--\i
differing species rlensities, atmospheric conditions, or varialion in thernral I

I
outputs during the two year study. Annual variation of the latter, two variables I
would in turn inf luence thermochemical cycles anrl water level f lucttrat ions j ,1 ...)
the lake, factors which coulcl int'luence catch rates of cert.ain sllecies. Since'
years were specified as random variables in the rnodol, a randorn pattern in
annual catch rates is assumed, ancl averaga catch/effort woulrl thus exhibit a :' :

de.finiteannualt,rendonlyafterrepeat.edsarnplinq.Simi1arly,theyear-bv-
month interaction, which accounted for a sjqnificarrt amount of variation in

'.. ':.:.:' -':a_. -. ::a:
.:.1:::::.: :-'
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I
I
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Iable 13.1. Aver.age (l{ " 96} catch/ef fcrt {g) r:f {'0f f een Lnke f isher hy- ,' sdmpl ing year:, Sampl in.' was Conduclerj atr bi,.nonthly InLrirvals
at f our sampi ing stat ions f rom Sefrtc'rrl>rtr l9ifl r.nroir t1h ,.i.i', i

,rteSted statistical ly {t) arrd those riif ferinq riqnif icantly
: ,.j . between years 1t I are'denoted tsee Tablr.: I 3lZ) , 

' 
:

Spec I es l978.l97g r979-r9A0

t
t
t

t
+
L

t

I
l.

l'
l,

Gl zrard shad
Carp
Golden shiner
0ther cyprinids
Carpsucker spp.
l{h i te sucker
B,l ack'bul lhead
Yel low bul lheadr
Channel catfish*
Blacksiripe topninnow
Ye I low bass
t{h ite buss

t Bluegill
t Green sunfish
t Largemouth bass
t Longear sunfish
t 0r:angespotted sunfish
t Lepomis hybrids*
t Fh'iEFTrappie

3,912
6 ,330

'38
B

45
?

94
B4

2, lB0
I

2
,0

l,lB0
353

3,499
211
l6

2't9
701

3,146
3,801

42
9
0

i0
85

,54
I,348

I
l4

5
I,029

,272
2,435

i73
14

iJ2
58i

T

l'

I

I

-:I:I.:
J.:;



cdtch/sl6trt of eight ipecies (Table l'3:2), woulrJ be expected to inf luence
catches of tnan.v fishes since species densities anrJ atmospheric anrJ plant..inrlucerJ
effects rere not identical during the same months of Uiffer.ent'yr.!ars; for
erample; dur:,!ng l4ay of 1979 versus May of .l980,', 

As ras true for the annual
samples cliscussed above, our average year-by+onth catches represent two rdn('l0m

samples.{a given month'.samplerl cluring each of twc years) selected from a

hypothetica'|.seriesof.sarnp1eswhichareeipectedto.beorc|eredinarancJon
pattern with respect to fish biomass. Although year and year-by<nonth variables
together accounted for a significant amount of variability in f ish catch, anrl

t.hus increaserl sensitivity of the F-tests by removing that variatiorr fronr
residual err0r (Table 13.21, they are.of less ecological interest than month,
station,, andlassociatecl interactions'(treatments) sjnce the laLter r{ere selected
to illu.strate specif ic spatiotemporal trends in f ish distribution ancJ to rtet.ect
responses to the artificial thermal graclient.

The average catch/effort (averaged over all stations) of eight species rtifferert
significantly between sampling rnonths (Tab1e l3.2). These incluried carp, black
bullhead, ye'llow bul ihearl, bluegil l, green' sunfish, l(rrge'nouilr bass,
orangespotted sunfish, and hybrid sunfishes. Actual rnean nronthly catches of
those species are presented irr Table 13.4- Two:compdrisons of warrn vs. ,cold'
monthsweremade(ClanrtC2,Tab1el3.2)andindicatedsignificant-lylL!g].re.

e .---:--.--*-

catches of black bul lheacs a1d go-l_d91-.-t[j"fg-tt.,Juring war.rn months, Month]y
-;-*--biomass differences among the remaining species were not accounted for by those
comparisons,'tiut carp were encoilntered in greatest abitndence in Mar-clr unn ru,
andt in lowest rlensities in July ancl September; 'yel low bul.lheatt catclres werc
highest in September anrl NovemLrer artcl were homoqerrously low in January, pl6rg1,

and July; blrregil l catches werL5 highest in l,lay and lowesL in ,)anuary; catches cf
green sunfish were highest in September onrl lowest in,)anuary; larqemorrLlr bass

catcltes were ltighest in I'tay and lowest jn July; catches of orangespot,te<! sunf ish
were hiqhest in I'lay and lowest irr Sept.ernbcr; and Lepomis lrybricls were

r---:-
encountered most freqriently in March.and Septernber and irr lowcsL densit ies in
July (Table'13.4), Average caLch/ef f ort of gizzar'cl shacl, clr,tnnel catf islr,
lo-ngear sunf ish, and white crappie were sirni lar over' al l sampling nnnLhs as

evidenced by F-test results (Table 13.2).
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Iable i3.4. Average (t{ " 32i catch/effort (q) of Coffecn L,tkp f islras hy
*yn,pJinq-rnonth.' sarpting *ui .Ji,ru.tni ui ior.'io"pitug sr,rr iorrs
at bironthly intcrvais fr.orn Seple,nber lgTB thr.ough July-llJB0.
-Species tesierl riuirriicaity iii ;;; urose rtirferinq sisn;ii;rnLly
betreen mont,hs (r) are Oenoled (scre Table l3.Z).

Spec i es
Months

Jan. Har--1U[ay---*-1:Y;P-*- S!'*:-'ffiiT
t
I

t

t
I
L

t

Gi zzard shad
Car: p't
Go I den sh i rrer
0ther cyprinids
Carpsucker spp.
l{h i te sucker
Bl ack bul lheadr
Yellow bullhead*
Channel catfish
Blackstripe topminnow
Yellow bass
t'fhite bass

t Bluegill*
t Green sunfish*
t Largemouth basst
t, Longear sunfish
t 0rangespotted sunf ish*
t Lepomis hybrids*
t fFTie-crappie

5,514 4,079
8,360 2,679

53 13
36i
00

, 15 0
74 35
66 47

1,633, 2,085(1 ,, <l

'?_ t2
2,753, 595

199 229
6,584 767

?-31 1sB
4S iB

?29 97
719, 7 ll

5,3?l 2,7 4A
2,767 3,419,

45 20 ',<1 <l
136 0
0,16

n?_ t52 ,

96 I l0
3,671 i,648 :

2 ,'2'
4?,6

. ,,0 o'
1,256 ' 550

/?t 354 '

I,B19 2,208
284 126
<l . 4

254 ,?07 .

1,005 630,

1,675
3,51 1

69
L?

0
U

114
44

786
<l

0
0

486
140

?,630
'165
.5
145
343

1,843
9,659

41
1l
0

'1

62
49, 760
<l

0
0: 986

234
3,795

IBB.14' 
27?-

438

r;J

grl
t:3r

r'.. :ir::'l: :.:'.1.: t--:

}; .r,'t='''.t,':,..,
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Spatial locatiol of the sanrpling sltes also inf Ir.rrrrcerJ avijf'dge r:atch/r:ff,.rrl-
(averaget! over al I sampl ing monlhs) of most (10 of 13) !pec irit I'y.6ry1i6sr!.

Selectect cornparisons of heaLerl and arnliie,ri locaticns (Kl anrl ii2, Iahle i 3. Z)

acCounted for a'significant amount of varjaLion in the biomass of five specirls.

I
I
I
T

I
I
t
t
I
I
I
t
I
I
I
I

i<x

FleltJllNlr Jtlock .bgUttgg!*anrl_rshitu qllq?ig..Iq,!i- f-o1r1d !o-. !e n0sL alrnrlant-]_
al=-199i:9t$jSlrl:S&*-aqU&nJ.-ireas (stations 3 arrd 4, respectively) ril.!1g-_r1re
Gizrard shad exhibiterJ a similar affinity for the ambienL location but werc
gettet'al ly less restricted in distribution than the aforemerrtionect species {Table
13.5)' tJ,rg-glqglg..!---ue"4.n dqlLsily.q-f. g-b-annel.-catf-i-stres.:l{is.fcurid at thq lreaterl
tlSt*,Jl!ltjli_r,!--]J_Irll-_c!!-lygg-ejled d pgsitiye response rq rhe rhermat effluent
qlg gjf .i"Li_!tty_!q_--q{up!_!o_ lhe el-eyated.temperature resime which is

9.[ar.-q9!_e_ry!X.-g{__!.tr.q!--p-qfl-_g-f. !hq- ]q|1-e. As was rhe case for sizzarct shad,
however, channel catfish were commonly encountererl at all stations (Table 13.5).
Three species (yellow bullheacl, green sunfish, and hybrid sunfishes) were founcJ

to be evenly distributecl throughout the lake'whj'le catches of the f ive re,nainin!,
species dif fered between stations for 'reasons other than lhose 'inrplicit in the
heated vs. ambient cornparison. In general, catch/ef fort. of carp increascrJ witlr
increasirrgdistancefromthethermaloutfal1,catchesofbltlegi.lland1ongeal.
sunfish were highest at the heated location, and catches of lqfqAlquth..ba5s anrl

orangespotted suffi1__tgfg_ fq.l_q!_jyg]y_lir.tgr l!:bor_h heatert qn{ ,anlbignt staLi-ons
cornpared tq therrn-al ly intermediate ones (Table 13.5).

Influences of interactinq month and station variatrles i{ere relatad to
siqnficiantly different catches of seven species: gizzard shad, black bul lhead,
yellow bullhead, channel catfish, longear sunfish, o.ungorootLed sunfish, and.:
whi te, crappie. Four of those species (black bul lhearl, channel catfish, orange-
spotted sunfish and white crappie) responded clifferently to ireaLerJ arrrt arnbient

location on a seasonal llasis as jrtdged by selected comparisons of warnl vs. cold
rnonths in association with heaterJ and amhient stations (C x K conparisons, Iable
13.?.)..Thoseinteractionsareillustrater|inFig..13.2.Black.btrllhead,i
cltannel catf ish, artd white crappie'catches incre'aserl during warn rnonths, but the
magnitude of increase wds more pronounced at either the heatc.rl or arnbierrt

I oc at i on . loj_b p-t-e,, *!,1:-q- i ngf$.lg_ _a.!. !!$ -snbJent-
station exceeded that which-lccurrpd at l.he-.[eAied stqtion, whi 1e*t]ig_ !p.{g,f
station increase was relatively_[g.r.g_p11q!g.y!qqq-,,g!]-9-ll-g*gr.:l.U9l9.qt[j_fil_qt,.
+- 

--__:-'-
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Table I3.5.
:.

Averlqe (tl. =.1S) catch/effort (g) of Coffecn t-;ke fishes oy
lampling stations. sampling.wai conduciec at himonthly inierv,rls
floT.Septe;nber".l97B through July 1980. Species resredstatistically (t) and thosc differing signif icantty bretween,' :

stations (r) are denoted (see Tabte il.ZJ.

:

-';.. "f:''-.',,,t -

f','
=t-" 

t' .

t-' '

it
t'-
i. 1,,1.-i ,

l,' '

Stat ions
Spec I es

t Gi zzard shadr
I Carpr
t Golden shiner*

0ther cyprinids
Carpsucker spp.

| (heated)
-3 

-- :-[{Tffient)

l_

tlh i te sucker
t Bl ack bu'llheadt :

t Yellow bullhead*
t Channel catfi'sh*

Bl ackstripe topminnow
Yellow bass
|'lhite bass

t Bl uegi I l*
t Green sunfish
t Largemouth bass*
t ,Longear sunfish*
t 0rangespot.ted sunf i sh*t Lepomis hybrids
t ilFTifrrappie*

3, 528
2,461

5
,0

0
0

iB
47

2,521
0
0

,0
l,490

?-?L

3,455
290
t?

?-7 6
242

3,i55
4,87 5

32
<1

0
0

l2
.58

1,337
<t

0
0

904
257

l,876
r06

5

150
253

2,830
5,009

?.3

<l
9l
0

3B
t9

l, 165
2

32
.)

1,040
4?5

?,219
l9B

3
'210

744

4,6A2
7,9I8

101
33
I

zo
290
90

?-,032
:l
0
q

983
343

4, 3 1r)
,t73

4C

l3B
1,325

l,I','. :.

l'
r.,

i,?
!ii

.a .:
:= . :'
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0rangespotted sunf ish catchr:s frere generally hiqhr:r- iltrring crtltJ irrorrtirs than
during warm months and lletween<nonth differences in inaqnilude of ca'Lch lrere mcre
pronounced at the ambient location (Fiq. I3.Z),

lr:jgqg-*ttalerleiger+Lur:€.fias.. a_..!l_gnif icanl envirorrrnental f Lc.!g.t_ g0verning f ishSurf

rustt'-ibutloFas,jl-!9_ej*}_:i rlfiq-{]ll*.ggrrel-.:Li-qL!.:t*uen temperatur.e arut iiitr
dens'ity-:(Table'13.2).:-Species which responded to iiiC;a;srng-temperatures--in a

pos i t i ve manner i nc l uded grzarl*slad--!.Iae3*Sl*r-heqd.,-*alla$lgl..-.qgllflh,
b]:tuStl-LrJE:gg$ollt!- !.e5sJ-oiuear.-suntjsh..-oranse-s.p-oJ.t-gj.-.luj{-l!h,-[y-!t.lg
su!fi-s-[r-J!9j[.-q g'^Appie. For those species, signif icant corretatiJns rretween

catch/effort and water temperature were detected for both linear and quadratic
covariab'les. Ihe linear correlation was a more precise rlcscriptor of the
catch-temperature relationship for gizzard shad, lllack bul lhead, channel
catfish, bluegill, largemouth bass, and white crappie while the quarlratic
regression model was more accurate in describing that relationship arnong longear
strnfish' orangespotted sunfisn, and hybrid sunfishes, inrlicating incr.easing
catches with increases in water temperature up to a point, after which a clecline
jn catch occurred as temperatures iose further.

Partial corrc'lations were made bctween catch/effort of five rnajor forage and

garne species and 2l env.ironmental vari ables Ineasured concurrently at each
station (Table 13.6). In this analysis, water temperature was itlentifiecl as a

highly significant influence on catches of gizzard shad, larqt:rnouth bass ancl

Lgt"r* sunfishes (pooled.catches of Lepgnis spp.). The I jnear ternperdt.ure
relationships were positive indicating increasing catches with increasing water
temperatures, while the parabolic (qrradratic) correlations, which',l.r.ribed the
catch/temperature relationship more precisely, were negative, in.licating that
highest catches of these species were obtained at rnoderate ternperatures, ancl ttte
decline in catch/effort at high temperatures was Inore ext.reme tharr was the
dec'l ine at I ow t€mperature. ,

Several other environmental variables were identifiecl as potential ly important
factors governing distributions of certain species. A positive correlation *as
found between total phosphorous 'levels and channel catfish densjties (Table
:t :.

1,3.6)', Fo1 largemouth bass, a positive correlation was detected between:' : :

::.

I3.2r



Iable 13.6, Partial correlation coefficients (r1,2...2.l) bet*ecn dvprage'. : catch/effort of ,selected Cof fcen iatie'f iiffe^;. and Zt envlronrnental
variables.4eaiured concurrentty wittr f isn citch, iignificanceprobabjlity levels arel * " lbX, *. = 5*, and rrr ="lF).

. 
':::1,.

I.I:'.
I:

i:
Variable

* Total benthos* 0l igochaeta* Ephemeroptera* Ciraoborus* Chironomidae

Gi zzard
Sh arJ ,

0.32
.G.26
-0.26
-0.03
-0.08

-0.08
0.14
0.00

0.33
-0.07
-0.06
0. 10
0.24

-0,40
-0.01
-0.38

Channe l
Catf i sh

0.05
-0,39
0.06
0,t2

-0.35
- 0.01
0.23
0.20
0.08
0. 38
0.iB

-0.36
-0. i9
0.40

-0.32
0.00
0.04
0.14

-0.39
0.46r'

-0.40

Larqemouth
Bass

Lepomis !,lhite
spp, Crappie

Total zooplankfon ' -A.?6
Total phytoplankton O.0Z
Ch I orophyt a
Baci I I ariophyta
Cyanophyta

.0.34
-0, i4,
-0.18 ,

-0.30
-0.2 I :

0. 4 5*'
-0.03,
0.6 l**

-0.06
0.29' ,

0, B0**r
-0. B5r**
-0.t2
0.44*

-0.22
-0. t9
0.05,

-c.02,
0108,
0. 19,

-0.10

-0,2B
0.03

-0.3 I
-0.I0
0. 17
0.0;

-0.33
0. 39

-0. l9
0. 5 ?r*
0.49i

-0. 5l*
-0.36
0.49*

- 0.34
-0.37
0. r9
0.0i
0.06
0.46r
0.36

0. 1B
-0,45r
0.02

-0.15
-0.28
-0. l9

0. 3,r
0. r6
0.04
0. 35

-0.03
-0.?7
-0. 18
0. 34

-0.39
0.08

- 0.06
0.2).

-0.37
0.26

-0.43

l=
,l=
, :a: ::

i=

l'
l"
r

Temperatrrre^('linear) 0.55**
Temperaturez (quad) -0.69***
Turbi d i ty 0. 14
Alkalinity
Hardness
Sulfate
TDS
pH
Dissolved oxygen
Total phosphorus
Total nitrogen

*Biomass values transforrned to Log16 (x+l ).

l-
l'

r
i'
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catch/ef f ort and total zooplankt.on lriomass ! !rr,en itlgal {Clrlorophyt a) bi0nass,
and alkalinity level. 'Sunf ish (!gLol!.1j" spp.) catcher were poEitively i{rrr',-riaLed
with tllue-green llgae (Cyanophyta) and alkalinity, arrd white crayrpie r,rhitriterl a

negative correlation with oligochaete biornass derrc;ities, The inrport.rinc€ 0f
water ternperature in governing distributio.ts of certairr f ishes is clr].tr upon

examination of these data as well as Lhose obtained in Lhe iarger analysis of
variance model (Table 13.2).

r)ISCUSSION
,::

The current assemblage of fishes in Coffeen Lake, as judged by the species
composition of bimonthly samples and cove rotenone sarnples (Sect ion 14, her'ein),
is comprised of seven families, 22 species, and various Lepomis_ hybr.icls. The

composite species list previously citecl for Coffeen Lake (Lopinot 1970, Ecology,
Consultants, Inc. 1977, McNurney and Tranquilli 1q79) included seven species not
found in this study: lake chub (iouesius. plurnbeuj), emer-ald siriner. (tto.tropis
atherinoides), conmon shiner (N. cornutJs), creek chubsucker (Erirnyzon

oblongus), mosquitofish (Gambus_i-q affirr':), warnrouth (Lepornis.gg]-os!_L), dnir

'yellow perch (Perca f'lavescens). Species identjfied in this study that were not
previously reported include: goldfish, red shiner, fathead minrrow, r iver
'carpsucker, 

Quil lback, white sucker, t,adpole madtom (No!g!j- gyrinus), yel low
bass,'and white bass. The presence of substantial populations of channel

catfish, largemcuth bass, and white crappie in Coffeen Lake is partly expl.iinecl
hy efforts to stock those species in the mid-]960's (lll. 0ept. cons., Div.
'Fish.rfi les). Other extant species were apparently part of tire orjginal McDavid

Branch f i sh cornrnuni ty or represent inc i denta'l i ntroduct i ons .

!4ethods employed in this jnvestigation were s'imilar to those t,sed by Tranqui I I i
et al. (197C) for sampling fishes in two other central Il linois reserr,oirs:
Lake Sangchris, a coolinq water reservoir in Sangamon dnd Christian Counties

operaier, by Conmonwealth Eclison Co., and Lake Shelbyville, a flocd corrtrol
reservoir in Shelby and lrloultrie Counties operatetl by the Army Corps of::
Engineers. tlhen equivalent units of fishinq effort in the three lakes were

compared (gill netting, seining, and electroshockinq efforts adjusterl to
,represent equivalent Units of sampling effort), the catch of fishes in Coffeen, ',,',:' I 3.23

:.:
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Lake {53 Lg/unit efftrt} Hr! fi.,ir}.: la! i;r.:':.i:rr rll, i.'tr,:'. ,! .;,... ,i.r::i,i,
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t-g/ef forl) bvl lorer, ttran i.hlt '1t1 .6i'r. "!i4?i,:rr.: I l;:1 I ,,i t:)|t-5 ! ,t;- ' . 'iiir
f iSh f dund {?73p{i'cielITai-{r:.,, irr,,,rro trl4r . h,. ,r:,,1:i.r','1i,, .r ,,1,.';1 i 1.,
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: Specles),tlut tqTpala-tle t::1.!ne_ -Snnldhrt5 rtt:]ti:ilritl;; ;7,:; ,:i'i'.!:'ir:.,i- i+.i,' !'.]iii!j.j
f ir:t nnd g itzard Sbad rpcen<1 !n bir::*a.;.i il q,1r-ii lrr{ ! i:,.. i 4r'i-i: I i. r,.r. j-:ir-r;,:.t i,? i;

, b;S5 1'anked thiriJ in bic[ia:-c dt thf t*{: rr;-r;):r,i; ;,]i:,-i .3'--i ir-.,;rr ': ii i 1l.ii '

Sirelfiyville- Predatary i;a.Sf igh crtcnel !y r,,r-'i ltrt xtrr,: 'ti./'i li ,ir-: t!clt,t1 -i.ilr'.

26.6% in La9.e lr.tnqehris. ,lrtrl 25.6\ in Lair': Sir,;'i l;'yvr)ir:, [45i.r1 up?r; !ire to'.i]
' weiqht of a! i f ishe-E. Conlrilluligrrs r.lf ,r+.j,-rr !pc.t f !thgr iri I ha!€ t-lrr€E i-t*r-=..,

19'rp€Ctively, ilere: c'ld{in{i} catf ish-,ti.99, 4 ,?1, an4 ?,6",, larg,;-trr:riir 
,

bass-17.4%, 16.31, and 5.67, and whrte cr4f,pie-?,i|, i.i.r't, :n': j. ?,[. u,':{'jr''r,)J
:

and Tranquilli {i9i9} l:stert several {rtncr'e'} r-hore{tef'lrlir:s i:il fjvr.'r-ttri'"''l?
!'l linois reservoirs {including Cof feCa Lallti b;.,qd 4,,j11 .,'lng.3riirl,: { jst:er'!d: t*rj
limnological surveys, Ihe laki:s typical ly .",tppqrlr:4 Iar'qr, p{,i),jlnl tl)'}5 ,jr

gizaard 5had, catf i5hesf and gi;nf ishec. tar{i w{ir'ij ir*rr41iy }'1a in rrii'*$tr l;,.r!

cornprised a larqe portion of f he total f ish i:irrnais, Pr!ri.;',.'' )r, (,[,:r-iri<

leneral ly reprcsenLed 23-35* c{ ther standifig'e ri-}ti f, ia'n,}'-.; :;{ a'l I siiir- t,-:r . Ther

f indings of t.his sturJy are gellerally consiqte'rrt rvit,h trrai qlrarail,jrizrr,i(ir,,

. -llggtltl bas:_3f.].tT-'l9jt^._importanl.prrrlalnrs in ioff,,.'n i.air: arr'l {.rk*

-.toi,ai-5,,oeet.by ;;trdin;-:.rqp i-1i :-tT:l{u,ljo;i ay., tii,,r1u: t I i' *r-:,i 1 ,

oductivity of larqe-,:utir h.lr', r.1yr11" 4rr 'i l-yr:a,'

I puriod in Lake Sangchris was a result of enh-lncetl s;tattin{l srtccess dnd l13r.'ger
I

f lro*inf seasons in therrnal''ly-enricherl, arei9. Drew and Ti lton i l9/O) f rrirnd thar-

coolinglakesinTexasal50reg|ainedhiqlr.!yproductiveovPralonqperiorl+f
tirne. They attributed their findings to reduced';tratiFication anrl a'norrj
beneficial distribution of nulrients in tlrose lakes. Irr adrjir-ion tn Lho5r:

phenomena, the Cof feen Lake bass population may'ben+f it rn parl f rorn r'e lativel.y
:

lowfishinqln0rLalitysincethelakejsnotop€n:tofisrlinqbytheqe|1erai
publ ic, Trepassing f ishermen were f requently observed o'r thr: l.tke, bul Llreir
,irnpact on the bass popu iation' i s unknown. l,

l,

The self -surtai.1ins.-capabi.Uty= of-the..c!411_e1 .9atf !.1! nwy-lgtiol it.!:{rggn.!1!a
;t;;fj!u*i-1 vjeur-f -lhp.,!-41U liLy- -of this species 1o ,'epro,t,,le in othur

i l i;ri t ;;;gi;;;;-;;. "t-r.J iv .'pl.i triuurarieE a,rrr wtricii .ijn'tiin

t
T

I
:

l'
I
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larrle popul.lti{rnt +: prrl;J6l-:rr./ ,,iir1r.'i gr,. ;, r,,. 11

(l9Bl) Specijlated tn..t r:1r:r,rt{ril It:-t!;.ir?,,;;.. ,'.. r+.,
therrnal disCharqes 'r'A, it,l/o iiFhifir-r.;l .ri.rte,r,. j ,ii..... j ,.

l{abaslr Riverr In,l iin4r,)til)tt}tt,!,,,:t'.t! itr.if,.:,:? r.c. . ij,-.,
n$nbers in lherrna'l iy c.ri;,i',,:r.l ,tr-r.'1.i ]r11. l i.,r: . . -..:.,. .. r . i ..
(Cimfin l9;l). !h,;+, li!r'r*.]l +:.f f li:rtn[! ar:.-- j:ti;,]:-1ir:i: j-.jir.;i::.:
.ls envlfOnm€tlta'l C,lmpOllenll ilf irrf f.rer, L,tr,r i,!i.ti ;dj i,i,ri+:t ii
ch,lnnfll c'ttf i51.

I i1',11 ,; .' i I

.r'i: r: ': ! =i] ;:

':)-::1;' '2':, .

, =1r' t1;:7,

' '-i ! ..=-.;'

i--. ;r; ::'

tr{iiiditii:

:

l'
l'

Tlleorierttationof{ilhqctr.l!']|,|.-|ii.l,:'.':,i,il'.;.;.'i!r,.,:.'i:l'i:

felatiVe t{r T:JCh ie0Ut.r, h+1 ilrrCn qr,.r,J jr..l ;r ;!irt,r' .l :-r ii-: '1rr:, rrir. !;li.i:il .r,,

IJ.5. Iitt et al. il97l]) f:),Jnd tfi:t :l ,!;j.rt! r,r|-i,i ar:rr.. t1 t.,i;,1,. .?i. i:,j, t i :

thgrmal outf all irl IhL).r1,iS t'iiil ftrrrr-t'y1,ir, ',,1 r.,.,{;:;,''. .\ rr,,jri ".\ tr,:. rf. ,. }.1t.1 r,,,.

of Sull Run Sf *an Plant- tn ?"r{: i,J i&ch tty,,q", lr:r:r\r,i1i}'. ;1ti..iii,,!.-:iir.:!: ,1 :.!,r:.:i.1r- 
'

ther"nal attraCtton arn)n1 ih.tr! i:rJrinq thi, .i{y'lr.:1, .l /,i,.;:.-ri...: ,ii4l ..,.:.t.i',1 .;1,., ln..
disCltorqe Of heAtrtd ditrir i{4(, r4te!"rltf.}tlr}it. Ir',tnrl,lrii,i ,,r .'. r ?,1!;l; :..,ii..r1,1.;
Signif iCdntly rr{}re sttart in h{:4ia{t =*'{f t1 S ru }.ri, i rr t-i} .r..tit.,r:i 1r ,.j.i ,i - a.:i: l

SOnqClrriS, bul ':he spcr:iri{ wd! f,iurr.J t,:} b;"r at1.:}t -i},,:, rl;:1?;,.. rr,,,i,j{i.i:i, .{!r
lake. tn contrast, tlg!|fl1:ly and Pe,tr5orr ii?-;a; l!1tit.,.1 r,ti,ii! ',+ !;,:' .!.i1.;!!;:.; '

rJistributerl throughnut a Ir: {aq cr)oli{q i )tr r!,r'irr1 ri! r. 1,,;,.'.1.1., t rt\:i tir? 1., lr;r.

(1975), irt studies of L.tke Arlinqton, T..r*,t9, {i',iinJ ric rlr{t,rr'r,rl,.r. trr lc,i,lt.;.r.
.:bundance of sltarJ lletre,tn Samplinq Stdt-io!!9 iif t)r.,t,rEr:rr 1r?t.,u,',r-,, i.: i'i1,ri.:fl :+..i

ca[ch/effcrL of gizzdrd shad in ttris stirrJy w.]s RitlrErt tl r-trfi;r:::bir:*i -.r-.1'*:1.1i,

tlrelr density in Ihe t'he rrnal rlischarqe ,rrs,S ',v,rr ir ilhrr t.tr+r !,h,r:. ,rt i1 i',ir,;r .,r
two thermal ly-intermerJi atrr stationr.

The af f inity of channel cat,f ishes frrr tllerrrally-r:li'vrt.€ij ,rf;t.rl , ,,11 4{,:4.3!iilr a.i.,:j.!

in this study,- is supported by 0ryer and []cfrson il-tli ] ,yhr.1 ,!.i){,nit dgqf-i:ildti.:r;.. ;!
Ch.rnnel catf iSh in the rJiScharge harbor of thr: tig'a .la111i.,1rrtv.il tt., it,.r+,r ?'l rni i.;tl

Kentucky l.ake from mid-March through July. Garrunon { lg;,.j} frliinrtithal. r:rranrret

catfish preferred the moderately el:evated water- temBtlratur.r:r hi:in.l .r ther.lna'll ,

outfal I tJ either the warmer discharge candl are,l or tirrl dnliir:nt ,rrrj.) .ihr,vj: rrlr
outf all. Seasonal concer,t,rations of chfrnnel ,:al,f islr irr !.herrnttlly lf f r:ct.ert .Jr.r)ds

of. Lake Sangchris were repor'ted by,Iranquilli ut, al. {lggl}, Ih*-. lr.iark, "i 
:
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ir.r: r,-:::i:
: :. .:....: .

-:= '."a':'-r a:'., :'':.

b-llhe-a{tr t lfte{if$ e i?tr:!t rr:tlli:t:l ,!.; i?i,: .',r:J.,r,,-i :..s3r'a{:. *i,;;,!:-r:.:

rCipond ttel! i.i] !.her.*l! .:l{i.ltiirnc !,, ;,.t\.i':tr: *,'t : r'i., , ,:t* .i...
ln lrel* reCOtvinq l,hi,':-g irip,;i,q i&lttt.trir! Y,g:1r,;i::r:< ..i,..1 . 1:.;r1.g,;-.:

198!, dnd thit rt,rrlyi.

ty idcnCg,, -tf a t{€rw*Si:1{fC t !:-* : aFtp-tuG Iq i}! I -:r,;q, r+' ,l tr ::,i,r- -, ==,

'l**S frCqUenLl3. !.han rt h.!t i'€er] {-::' lhe !*+<.i*1 .j'..ti.,i+*:i iii...... j.'. I i:1, "i 
-.

{!9t0} f$uarl 4r*ntr:r dtn$ it tey +l ttrts lgfa?+,x rr: .:ijr!il4 :.1-:,1-j i;{ .3 uli-t.=r.i

anqlfnl ldke ttqf ing thf: fin!f? r ,tnii tf ill t+t e.31.i;,,r11, :' -j,'{". r:-.,..q,a, .1 i: !tri,:rt1
i' .lcfntf atiO{lt f{ ilni1 tn h*lt+4 ,rf q\,, rrl!,lt i ir: +,'i {v,d1r1qrr'1, }rt' j'. ,i .,ti,..:
!t'lonl.. i{{lC$rrr-in. E.anq';i 1?i et a}. i;S+1 i lif;li:f=:rrr,i,J t"t1 lt :r,r:;.1 ,ii"i!',r15.*--: r.i ,

LAke Slnqchris d iltlll-+d T{ris+oitlly trrt .ei,ti \i.t!{.r: .ir,.,. 1-gr:r 'rl 1:'.: i1 r i,,.,. z:. 't.ni.i.

€snCeniratitrni'rn:rt h11h in rtialilr J+,l4 ;ii. 1* t..rtt"t:/ .!! lr{-r.lit:rj l1;5:5r i''-r- rrol l;i
'lhe Aqr&ient lstnt lfrrr yi13 lCed !*r t;1;4i'i*t l!i'.{!rrErl!" :-lr.,J ,"qE4i i-;*.1-r. trlr:sr .:.rt-thi}r,

1l sL*qnqr. F,gi lqdtr { l9t5}, he*f rer; {:t,t*r} F:i dt {!l;=!r:*rq: ::: !!ii. '''r:*? i it.-.=p-:r }i
ilif tf itl*t lrln *{ baf t re!*t lve tq a !4ira, I ,!i-r.i}r+:*;;r' :ir ,"+i-l,t i,t ,l:+.$1.:r.i. 

1r.1 r l-\.
Largc+Outh hasg {n Cof fefq r-tl:e ffrf ri<ltly 4!<[rrl"ir;!;11i r';.r lr!^dr]it 7 ai..., "--,'':
a!tJl{-al!.--+t heitg-d-"an,t r.Itllrli..]q(dtisnr n:-i-rttyh t:i trir,r'a.r-ri y-!r,!':r-1,,.:i r'ir,

0nel.
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Ir+'e*tlna[*+ +i the rtan$inq :rop'iri+srss *f f r.]111:!, dtr(: i;r-,i rilrj f r..:rq i?;eh ..]f

t*6'locatlo4s in !9f (e16 i-ahe-try {{iye-rste4.j.re ir:innlqiji:i. 1it* ,ir*,.ar;rj },rrfi,niri'
cf elI rpeCl'lt wai 4J6,9 ig/ha. llJor {.ontrihulirrrj tpe{lss ir pr;rr3r .rl
decreasinq hiornarg densities rere ,Tittari rhrd. Lqp.qlll \rnf r;i,1..;, {hannrrl
cdtflgh, carp, and !crgernouth bas9,: fel*r:srr-r{)ye rJif{r:r.errcel rn f;j5:e491
densitigs of f ishes rre tJiscussed ,jrnrr ,)t'rtr l.qq r:icn.:'ss zai,;ts f .:r 11.ylr-r;i;lr!

spgcitls' ar{ coognr€d.to av*ra eg deri,red f r+* olh*r' rr!rr.r1r!-! lftr'+ir,.ltrei-.,t t:t,::
tnited ltates.
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[StiqrOtiOn rrf the Stanrlin{ crOp lrOm.it,ii, uf ! i.=nrl ., iil .!.}tli* triij r..q.rrt':,,ir.\r ! (.

6f Len utao*lt,lht-'rf iiy appl-yin{ roterrsne, a f igh liJrii.:nt, l* .t 'ai:r:iir:Le,: +,:,v* r;.
Other iSOi,fter, seclion Ot trr* lrke hafiit.rt, !.!,llii<r..r;rt,tlir:r rirh c'. lie,:liri,i
methorls, lhis teehniquci {s $eilh*r sire-tels{tir,r: qr-:!-. sFilciqr,rr'i*rtire r:litn
dpFropriatelT condirctert, anrJ thul is 6f great rrt'i I ri. ,! {). ndi.i1r,1 rlire;t
co4parlsong of bioqrass Censit ies between spfcres poni:1,:liong r:t' l qivelr, l.rlf ,

drid: hetneen populalions inhabiting differerit !akes rir' rrthi*.:Jks hnbitatr.
Pr,lmar'y objectives of this tludy were {l } l*'€r,ti$n!* lhe sta+rtin4 crl}p t}io$r.lss

of fishes lnhabitirg Coffeerl Lake, a tlrermalll, aitr.rr:4 reserv,fir, i?] i* :

ldentify factors r*hich may inf luence spatial riif ferrrrici:s i,r bi,l.:r,].',5 ,J*rrsi( ies,
arrd (3) tn compare densities of select e(t toffrerr L.rke specier t* 'r.nn,rn l:rrynass

dens it ies of conspec i f ics in other heated arrr! '.lnheate,l resrry,: irr .

: r.tArtRlni,5 AilCI tlEtltol)s

F.our eslimntes of the Slanding cr"op bionasq :::l f ighes rder"f] +blainert , L"rr f r,)rn
edch of two locations (Fi,l. 13.1, icctiori l ], hereirrJ. Ilre nlrth covr: {0.51
h;), locatert in an drea of antrient wJter tenper"ati;ril!l,.d,l! s*npli:r! cri ?.]-14

Augusl l9l9 anrl the souLh cove (1.59 ha), which 'nas rl€Jr Llre f e,ttt,r' cf -Llr:

coaling loopr was s:ampled on B-l | Ocfober 1979. ln ]9$il, s,rnpl rnq at LhyrorLn
cove was conducted'on 25-?7 August and at the :o,rth {ove on ?,J-23 0ctotrer. ,'

Routine procedure cn the f ir:st day of sampling consisted of isoiaLiriq llre target
artea from tlte eain'lake channel rith a block,.net. Two differcnt nets utre used'.

In 1979, net" Cimensisns were 9l .4-rn 'r 3.7qn arrrl in 1980, 9l .4-n x fi.l-m.
Rotenone rlas appl ied to the isolatecl cove ancJ mixcrl approxirn,rling ,t I ppn ,

concentrat.ion. AlI st,ressed fishes were collected as they rosc to the srrrfdc{:,
identified,i enutneraterl, dnd r*eighed, The cove was detoxif ierj rrith potaisium ,:

permanganate, ahout four houit after rotenone' appl ic,rt ion. Co I lect ion 'of f i shes'

continued',for an additionall-3 days, with the block nef in place, to insure

I
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I
T

T

I
T

I
I
I
I
I
I
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ittSUrre, Cr:mplett rgcrJv{r"/ of 5Fi-.{i.r,*nr, ilrri i,iiiri...:i=; .r! !ri,r i.rr.j-ii}i':, ,:.il t.]{:! rr,J

dur'ing'tltOt prlriOd rls ealr-ui,rt.gd f ro,n Lrt,j*ri rr,i:-: ';nt..?i..n11 lr rrr],rli.i.::.ii': ri
freSh Spgclr'r,ns f f irSt-day qrliiec'.ionri in ,:r',!r?r' l-r ;;)iiiir.;r.. lri ' 'r js1 !;rrt
tn€dSUrementl, ol partial ly deeo*rp05f4 1;lt,-i,'rr]tri,. ..i ! hirl:l,t'ri v rl:it':, i]':'r:-.re!;!r:ii

herein rgpresent hest e;Lin*fe: f ,fr r',:lCOvFr.t.1 1i),:e rrj"4r:!; ihal i S, :r:i.. .

ertrapOlafions yrcre perlsrlE<i ic er{i+ate,vtighis r-.f lith,Jl ?h.lt rg:q+ir:r":i!.lft-er

rampl ing vrn$ cofiplctcd.

, flCSIJLTS AHti .rylS{:1i::5lrlli

Fif teen species represenlinS lrJ qerrara anJ f it* fa:ni I iLri wr,rI r.o1le;ie,J irr e il.r.;

rotenone sanrples (Tatllr: l4,l). The Ln{tpi'}ie r.rdt:l:: {ll?_ryt_r:: x;rijr:-i 'rr.r!: }.:re

only species representerj wltieh r,ls n0[ eni:ol,riL*r'e4 i* our bir+unlh1y.",ln.rp!es

(section 13, herein). Gizzrrrt shad vrere.Jorinarrl hy n,;lb.,r,rno rpilht in totn
coves sanpled (Tatrle ra,r ioJ'l:rt.?1. ,r, u g;o,j,,'tuo s"nat lrlr' ,,,,rf iEirr:s iLeponis
5pp. ) lrere second in importance nu'nerical ly, f i-r'l iow.;:! ll'7 tfldniri rrrlf jsh .tnd

largernoulh bass. Bluegi lls ranktrl r,gg6n<t, beitinel riizl,trri slrar! , in .;v,tr.li;tt t.t'rch
hy weight, fol lowed by channel cntf ish {Iab}r: 1.1.?i. Inr, other' lgg=g11
sunfishesr cdrp, and larqer$oiJth frass reprcsented inLrlr'n,qrt i,ltt1 a,firiht itienas
overal l.

Between.covg dif ferences in'nrtflerical abuntJrtrrcrl of f ishitt /reri.i ;nr1Ft, ir..Jno;rnr:rd

fOr the l-epOmis Sunf isheS. AlLhouqh cdtCtte5 r/errt qitite variablc rr!,i:r thll
t rn-year. period, tlrg y'1 el,.-;,.-i-,q ,sna_l I lrrnf.islres.:-drn5 !':rreral ly e'-r,.tLr-.r' ar- Lh9, ngrth
cove (Table l4.l). Less pronouncerl, brrt,tlso fivJre ailunrtorrt at l.he nurthern.."..."

location were black bul lhe,rds and golrlen slrirrers. Alrorrt nqu,r'l he[,,*reil-c0v,J

l-!{ng-lical catc-}r9-1--!9le.ey!rle-n! for largcucutit b.tg.,, yrrl iovr trul'ih*larl, .rnil c.l!'t,.-1ri+:__zr:+i.__+

Ihe densjties of gizzard:shad, channel catf isir,:'rhile r.rallpiii, dnrl biarkstritre
topminnorr f lucLuated grea[.1y,'but no beIween-eove tJi tf erenc*s aerE'3,rq,JBstett by
'the catch data

: ',. I ':, t , .

Biomass dif ferances between coves gerterdl ly rrf Ir,cterl nitmerical rlif f r:renc0s in
that total 'telqhts of lgp-omtt sunf lshes, biack tiullhearls, .rntt q0lrje rr rlriners
were noticeably ttign.r;Jil north covc (Iahle 14.?); ,yilzar;J slrar,t, ch,)nnel
catf,ish-r. ca'lrp, largernouth:bass, yellow bul'lhead, arrr! whil* c.rappie.densities

r4. 3
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I,tltle 14. l. Nurner ical lhunctdnc-f {ntrnberi hecl arei of L.r{f t,*n l-*i.n
In C0vU rOterrone sarnplls during 197{i an,J l{tSq. {.+ye
depicted in Fig, lJ.i (sectirn'1.1, hr,,rs1e1i. irrr:cier
or{le'r of decreasinq average dliunijanLrr,

I i!!ic5 csrl ?er.i rir:t
lrlcdl icrtt.',1i'i:
,tr-c !i..t.',):j i,ri

L."'l .,. ,

.,,, Species

Lake-wide nverdilc l{o r'tn Co ve
(0.51 ha)

South Ctve
'{1.59 lra)
T,tTf-*.TfE-01T7T, -TfdD

i::..:'

Gi zzard shad
Young -cf -yedr Lepomi s
0luegill : :--.-
Longear sunf i sh
Charrnel catf ish
Lepomi s hybrids
Giiili-Tunf i str
Laroernsul6 5.tt
0r arrqespott.e'd sunf i sh
Bl ackstr i pe toprni rrnow
Yel low bul lhearl
ldh ite crappi e
TaCpa I e madtorn
Co I den sh i ner
Bl ack bul lhead
(young-of-year)
Carp
Rerl sh i ner

Totals

10,l g7

'5,810
2,245

743. 460
346
285
255
l Srl

BO

6B
42
32
30
l9

{B3l )
B
2

21 ,700

48. 9
28.l
10. B

3.6'
2.2
1.7
1.4
1.2
0.9
0.4
0.3
0,7
4.2,
0.'l .

0.1

<0. I
<0. I

14,676 7,175
4,84.| l0,g5t
5,096 i,839
l,j3? 651

574,. 263
800 163
5 55 3'33
20? ?69
41il 16 i
39, ] 5l
82, 71

49' 0
69, 55
41 47,

59 i0, 
{ 3,32-5}

o r,{
50

9,462 .9,476
5,494 ?- ,?86
1,633 4i l

?-?.5 352
, fi85 3()l
274.:,191

. l3l {;2
269 .279
I8l I

lo4 : t5
B0 40

'96
'7{j

2?. lr
44

t
I
I
I
I5

fl

C,

0

?9,192,, 25,j94 ll3,fi78 l-],529 I
t
t
T
:::

T

l.
'-

"--

.i::i

| 4,4



Iab',!e lf .2: r' Eionass {ki logramr/hectare) of Cof f *en Latc f rths5 6311c:cLed in cove

Fig, l3.l (Section 13,"h:reini, Specics +rq listod in ordrr of' ,, '. - dec reas i ng aver age we i gh ts . ..:: .

: . ;-.-:--:l-:-'----..*,_

Spec i es

Lake-wide average
(tl = 4)

rsm'a ---T*-
l{crt.h'Cove
(0.51 nai

Tfm_-TqPrn

Soutlr Cove
{l,59 ha)

Tq"/g- ,-Tfff
Gi zzard.
Bluer;ill
Chanriel,
Lon'gcar
Carp

shdd

catfi sh
sunf-i sh

267 .5
52.1
34. 6
19. B
r3.9
10.6
B.6
s.2
7.1
4.6
3.5
2,2
1.3

(0.e)
t,t
0.1
0.1

<0. I

437. B

6r .l
r t.9
7,9
4.5
3.2
2.4
2,A

Green sunf i sh
Lepomis hybrids
Fn-gt-f -year Lepomi s
t.argemouth basi:-l-
lJhite crappie
Ye I low bul lhead
0rangespotted sunf i sh
Bl ack bul lhead
( young -of -year )tblden shiner
Tadpole rnadtom
B l ack str i pe . topm i nnow
Red shiner

Total s

.9
X

353.d'. l'86.9
l?-2.\ , 50.2
40,3 27.5
46.6 , r 8.2
I5.0 u.l
17.3, t6.4
11t.4 3.3
4,2 |s.3
7.1 6.8,r1.4 0
3.9 4.6
3.9 . 3.0'
,3.9 0.9

( 3 ' 4)
I ,4 2,?
0,? 0 .3
0. r 0.3

iO,l 0

243.6 285.9
77.1 9,1
41 .0 .?9.4
,5.4 9.C
?0.0 ' 9.5

6 .? 2.1
'fi.v' 5.9
4.8 13. 5
5.8 , 10.9

10,5 ' 3.-1
'3.4 ?,1
1.8 '<0. 1

0.2 0.2

0,7 0.6
{0.1 '.{i. l
, 0.1 <0.1
00

0.8
0.5
0.3

(0. z1

0.3
{0.1
<0. I

<0. I

642.9 353.1 317:1, 3/5.8

.'i. -,.a., r.,

:. ,':' :: .
r:i:::t :j: :il]] :..'-':::::
:. -: : ); ; i
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vJ'ere Inore comp;t-rable,hetween coyes', although hirthlr-ydrrJl)11: rirr ';rlri.dln;:f'
tho:,''';ecies. In qeneral, 

$gJgli-giis-rl:hirrr-i'A-s-.e.rr.p-u:tlirs,J.-heLv1-qgr-i';r''r1i,,.'1

?9:fggq:ry*!IelEgl..-Ufl-{stu-r*s-_t[a!:tuy*tgyg 9-rJ-e-L]ql .lili:i.iU'r rler.,itir:r. !rr,.,,
the greater nwnerical anC hi0mdss densities of cerf. lin species ei tlrrj nnrilr c.ove

Could have been re I ated to the _qqb-i-eg1,_le$p.9l.ilgrg-,req irria clrar.:ct er i sL ic of 
:-tnaL

location or to some otlrer clfj^{.a_q!g.lj.:t_.'j_gi .t-lc. hahr.iLat {src i,ec'.ioq 13, herein,
for a more detailed analysis of thermal eiiects on fi:h rJistribulion).

Total nurnerical catches were about 251 lower 'inrlgB0 tlrarr in 1979 bul a bertween-
year disparity irr biomass dcnsit.v was only eviderrt at. the north cove iTa'lr-'
14.2).' Numbers and weights of gizzard sharl, channe.| catfish, anil;idult
sunfishes(t-epornisspp)wereloweratLhenor[herrrlocationinl9i]0whlch
largely accounted for the tretween-yedr difference. lt is n.rtew0rLhy [irat lhe
surface water elevafion was about 37 crn lower in l9tl0,ilran in 1979 {at Llre Li,ire

of sampling), a factor which:probably contributed to !ower calches of surrfishes,
andpossiblyotherspecies,sincernuchofthe]iLLoralzoi}ev3getaLicntvas
exposed above the water surface and thus inaccessible to fishes as habiLat.
ArloIher anotnal-v of the l9B0 north cove sarnple was r-he I arge catch of young-of -

the-year black bulllreacls (Tables l4.l anrl ,14.?). Cornparahle dens'ities of younq

bul lheatJs ulere not fourtd at the south cove or ai Lhe north cote rJttrinq the
previous year. Reproduction was apparently unusual ly successful at il,c northe-rn
Iocation:'in 1980, and numerical and biornass densities are accordingly p|.escnLrtd

separately for the young-of-the-year group.

::
Di f fer.ences between stanrling-crop biomass'estimates and birnonthly catctr
estimates (section 13, herein) were rnost pronounced for car-p and larrlernouilr
hass. Percentage weights of both species were general ly liiqher in frirnonilrly
sa:nples, presurnably due to electroshocking selectivity for inrlivicluals of large
size. Adult largemouth bass anrl carp, the latter representerl by large adult
f ishes excl'usivelyr l.Jere much more cocmon':in'lrimorrthly cat.ch/ef fort samples tlrarr

in.coverotenone.samptes.T.he'biomassdensitiesofthesespeciesntayhavebeen
underest'imated' in cove sarnples since Hayne et al. ( 1967) founrJ that young f ishe s

t,.l-t.,.:rI'

.: .,r ,t ,' ., : -'- 
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Were uSual ly OverestimaterJ in bOth rrrnnf)BrS ,:nrl !t'eir;ht: hy r.ove ci]f]sut t,..t!rrriquCS
|lhile f ishes of large sizc were rlsual l,v unclrlre\timatr,r,l . !'trr-'y conclrrrlc,j,
however, titat the l0t.!i stanrting r.rop af ol I f istres ras prob,)hiy a r-,:iiaSle
estimate of the true lake-wirJe lrlornass cven lirotrgh erl. lfi,rr.rrcl rJensit ie s of
certdin species may be hiased.

In order to gdin a perspccLive on Lha Coffeen Lakc standinq crr)p vdlues,
species'Specif ic comparisons were rnade wiIh estimates rJeriverl .frorn oilrer
r'€sQ'rVoi'i:s througlrorrt the U.5. (Table 14.3.). fwo cenLr:al Illinois reservoirs
.rere included: Lake sangchris, a c0oling lake in Sanganori and chr.istian
Counties operaterl by Cornnonwcalth tdison Cornpany, arrC Lake Shelb-yville, a f loorl
control reservoir in Shelby and I'loultrie Counties operaterl by Lhe fu-rny Corps of
Enrl ineers. starrrt ing crop values fr'ofn 

'nirtwesLern reservoirs, ranqinq irr size,-J;r

f ronr 0.05 to 126 ha, vtere Labitlated hy Carl.inrJe r (1955). anrl Jenkins (lgi5)
presented values cJerived fiom 173 reservoirs in the mid-soulhern tJ.S. Al I

st.anrjing crop estimates f rom Lhose lakes were obtaincd by cove rotLlrlone or
sirnilar techniques, No sLatisticai rlata were a\'.tilahle for arralysis, so gre

cornparisons discusserJ below are only subjective.

Gizlard sharj stdruiu-llgpsjlgojlg-gr-r,-t!g..r:-e-,-g l-lillj-lar fo Llrose fou'tr i'n Lrre

t11o!tE.r.jllilgI-=bl3tgr5! il ![q__Lmp t_!g.1-111!rygslel_t l g-sqivQ]rs (rahr c I 4.3) .

B-to[9J.Ld-g-4{t-.t-et-9J--c^!-rp--t#r:e-qsil.e..lnw-in-ccffeen-Lake. c-Qlnpared*Lq" al_l oLher.
locatigrs, vrhile channel catf is! ql_el,{_!l-gl_lrgr.g- noticeably higher than irr most----' " '* -:---- !-':- - -
oLher reservoirs. Also compalativuly lrigher in Coffecn Lake were bluegills ancl

the total for all Lepomis species, the density of the former- resenrbling most

.c1oselythatofmttchsmallermjrJwesternreservoirs.BiontassesLirnat.esfor
, le1qgmgg!! ou.:l _gl{. ryn 

j!e qtnppje jn !9r.ce1 L_qf g sggg?!-red_._irrLermecti arc
densities b.rs0d upon the range of average values rtlporterl, t4ark dnrl rss6plrJps
estimates of largemouth bass standing crops ( SecIion I 7, herei rr) yieldccl
estimates of 9.3 and l0.B kg/rra for 1979 and 1980, respectivcly, which, althougfr
slightly highef than the cove rotenone estirnate, still inrlicated an inlerrneoiate
densjty overall. The total biomass of fishes in Coffeen Lake was seconr1 only to
the Lake Shelbyvi lle estimate anrl was rnore than Lwice as large as ttte ,nio-souttr
:average. l4aximUm va'lues for specit',ic bjornass densities, as reporte'cl ,frorn ',1

mi dwestern and southern

,:,. .:'.1: 
- ,::. .,, - 'i. r,,.

::::lj,: :;.:::
i -= t,.
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Spec i es
Coffeen

l.ake Midwest2 tiiid-souLh3

Comparatlvc.standlng crop.biomass estimates {kq/lra) of selecterJ species
lloT. ll lll0is reservoirs {Coffeen Lake, Loke Sangchris, anri Lak,:)nelbyvllle) and from ot;'er reservolrs throughouI ttre ljniterl i-,tatps.lfeans dr€ !iven, with maxir.rum values in parenfh.rcs. .,,,t,

, Lake
Sarigchr i s:l

La ke
Shelbyvillsi t

Gi zzard Shad
:,, , 

1

Larp. -.':;

Channel catfish

Bluegil,i. ,

Lepomrs spp.
.

Largemouth bass

l.lhi te crapp ie

Al I species

267.5

13.9

34.6

52..|

.|01.5

'7,1

.4.6

437. B

275.3

27.0

9.5

22.8

25.6

3.5

0.5

360.9

egq,0

,70.8

2,6

?2,7

30, 5

I 2.6

4.0

449.6

204 {,168)

7 3 (233)

r4 (si)

42 ( rs0)

le (5e)

26 (85)

3eB ( r 34)

e? ilt7)
?5 (261)

e (r r0)

?l (si)

3t (156)

t0 (5e)

,5 (49)
.

202 ( r 000)

l::.:
I,.:f,, ,

,i :

-:I'
I:

-:

. j:

a,

lTranquilli et a1. lgTg
zCar'l ander 1955
3Jenkins 1975

l,'
' 

t:,

l:.
1,.
!,:,

l-
.::

l,-,t-:1 
;;
:

l''
l',
l't';
I'-..:

t;
C

,Gi

,,,lij
.,' t ': l:,i:

r ' "'.: =t"'

:;r.1.. :;,:-.i1.=:,:-:.,
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r:eservoir:s '(Table 
.l4.3), 

i I llstrate the
standlng iI-olls_r gnl! Olsq incJicates that
except ional f or the spec i es cons i ijeretl ,

qreat. voriaLian which exjsts:in f ish r' 11

Itle Cof f **n f-ate'vatues arc not y

'l
,l
,T

'l

Several rnathematical mode'ls have been formulated for predicLiriq standirrg cfops
of f ishes in Iakes based upon selectecl morphometri,: arrrJ edaphic characterist ics
of the lake basin. Ryder's (1965) morphoedaphic index utilizes the r-atio of
total dissolved solids (TOs in ptrn) and mean depth (ft) as a predictor of
hriomass for ncrth-temperate lakes. Application of the index to Coffecn Lake,
using 750 ppm as an average TDS (section 3, herein) and. lB.i ft. as ihe rnean

lake depth, yielded a predicted value of 382.2 kg/ha which only stighily
underestimates our estimate from cove rotenone samples. The index is not
directly applicable to Coffeen Lake, however, because of its mor.e southerly
location and a large sulfate component associabecl with the iDS which is believecl
to have originated from sources other than erlaphic ones (Section l, herein),
Ryder et al. (1974) cautjoned against utilizing the index for predictive
purposes when the lake in question has anomalous features such as high sulfates,
a chemical constituent which aoparent)y is unrelated to fish crops. .Jenkins
(1977) uti lized a regression equation f or model in<.1 stanrting crops of reservoir
fishes [rased upon TDS concentrations and chernical clraracteristics of I akes.
Applying the regression for carbonate- bicarbonate rJorninaterl waters yielded a

predicted standing crop of 475.7 kg/ha which is comparable to our actual
est.imate. :Jenkins' sarnple'of reservoirs, however, cjid not inclucle any with a

TDS'valtle as high as that found in Coffeen Lake. Utilizing his fornula for
predicting the standing crop in Coffeen Lake thus requires interpolation beyoncl
the data from':which the foimula was deriverJ. ln,general, standing crops of ! t
f i shes' i n Cof feen -.1-sXe-.appear:-to-hc*!jmllar:--in]inffi;p"r-trjr_tG;:g"rnf X *;;^;;;;T;;;'^^,;:'r. r^,, -^ .--^-^..-^-, , -., 

:::r:--*:::-"1/ \'y'\"
gqmpqgfl_t size and1ggliJy_gd_!g_ploJ-$!rq_e_d jnll_Ue[Sg!._-o_r*!.[.eJ:ig[*TOS were

-

suggested by our standing crop data.
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Carlander, t'r, 0. 1955, The standing rrop of f isfr irr i,1ir1r,. ..j . i i.,r;. r''rti.
"' flodrrl Can.:: l2(4i;543-57}. r,. : . '

l{ayne, O,:il,,6, t. Hall, anrl H. !4, NiLnols, -l967. 
Frr evnj,rdtrr)fr i)r ei.lvrJ

lqryplitg 0f_f ish popr.rla!.ions in larrglas P,:serr't:ir, lc(-..ne.,ser:. 5'a,jcs
244-?97 !g Reserrvo!r iisher,iet Resrrrr4t:s Syli osiunr, {Jrri.r. fJcc''gia, Atnenr:,'

Jenkins,',,,R. l'1 . ' 1975'. Blaek bass crops anJ speIier a5soc'i aLir-rns in rr]ser-vr;ir's,
Page.s llq-l?4 ln R. H, 5t.roud and:li. {1epper.. {eds. J Bl acii il,lcs Bio'logy anrl

'.-'f4anagement. Sp4.rt Fi:hing lniti!ute, r.lasl,ir,iqton, lJ.C, , '
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ABSIiJACI

Age'and growth r:elaticnship5, l)ody conditisrr, anrl popqlrtio*'size str,rct:;rs *e:r,g

exninined for gizzdrd 5hadr carp, channe'l catf ish, blue_ i I l,,1arr1r3,rgu!.h bats, arirl

white crappie in Coffeen Lake. Adult gizzard shn'J were represrlntpd by a sinqle
155'rnm mode in Llreir lengtlr f requency d'isfr'ibution which repr.rsenled ,r

.

relatively smal I adul L size for th'ii spec ies, 3od-v cond'iL jon of _!!lg:!-.Iq.5-.

generally goorl rvh-q11.j-V'-C.e4 qlr ,r_ l+Le:wjtJg,,..p,ajis. l:qy.f..'q=-':_e!_'_e.:.g_lt.qo,tl"y lalgq...*....-.*-.*
adu'lt f ishes exclu'iively and'there was no evidence 0f sirccessful reproduction of
this _species rluring lhg two-year sturl-y 0eriod. thq lgarlth rlistribut ion of
channel catfish was polynotlal whiclr'obscurr:rJ age and growth ielationshi'r. 

-qg!y
condition indice*l_f-qi;_![is gpgclg!_Lc1-l j]-i.qhtl.y lrtle{ g11tl11',lir_"y._al-1rg,s- lly-t_..no

tjgllEj*cffecls.o-r-.size*-.relaled,-dilf,er:encer.llii€ !!9,Jq-L!.q1.-bJ !!qr-!-q!a.,'
Blueqills collrcted in autunrt did not exceeri l5fJ,rrn in lr:ngtli indicat.ing a slor:, :

1q.!._e- of .growth for Lilis species, and their body crndiilon gerteral !y deci irrctl

w]ttr !!!r,eqging length. Factors responsible for Lhose finrlings are discutseC.

/Growth rates of I argernouth bass were quite rapitl for .tl I agc groups a lLirough a
I

I relatively low body cr:nrlition was rletected drnon.q f ir5t ys61' bass f rorn heatcd)-
(locations, tlody condiLion of dge_ I 9,1d..-a,]Oer,inrl]virJuals w4-s exegplary,for lhis

species. Few-yp-qlg:gltJp;y-e0f .-U.hj.!.e crappic.wer:e found bul a wide.ronge*of
,!.. .',

aOg!-!_sj_$S-_[nr-evJdenL......l]ody.cflrdj.[-ioJL-r{ds re.[at iva.ly p00r.qmqng,s1n-a1..ler whi]lr

.-pgp-f, rfltlS.-!-h-g*l-qfrfe.,fl..f Bec jmcns,-exlljbi.ted .good contli L ion. 
I - -'

... ,.:'
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l4any vital statistics of reservoir f ish poprrlaticrrs, irrcl,rrli'i{J,ri;!-,, !r.,)wirr.
condition, and size-structure are gover-nccl by arirl t_irrrS r-tf lr,rt, tt.ir., {lrJ,t}ity .rt
the,habitai. {.'+f feen Lake is utio,rr.in bgilLi$'-[_1^q!i!_,rnr1,et2i_gLie
characlgligtli-c5, due in part to i ts f unction as n c0ol ing-w;ittr j,np{lund,nent f ,-rr

Coffeen Power Station. Consequently, this invesLiqatitrri was c{rnrjrrcted lo
'evaluate severd.! bosic 'life history phenomenn olc C0f feen Lakr: f ishps ,jnd t0 

".

irJentify impacts,,if any, of the artif icial ihermal ancJ clrernical regimes ,inrposeri

by operaLion of the porrrer planL coolinq system,

Species select.ed.for evaluat jon jncluderJ giqsll-!t14d, c4r'.p, cfurnnq) c-a-t f ish, : -.

111-u-eg!J I, lar:geqg-rlll*b-as j;, anrl tlLi!g--c_r-op0te since they represe nre rj qr.r.ior-

fpCager 9-a!$, anrl rgggJflshes and:each contributerj substantia] ly Lo ilrc total
fish biomass of Coffeen Lake. Species-specific length-frequency lrisLgqr'ans wr:r.e

constructed frorn total length (rrm) observations obtainerl dur'irrg la!.c sunrrntlr,]rlrl
early f al I perirrdS. SirCe large sarnple sizes were desired, rn<l to rnirrirnize
size-selecIivity, several col lectirrg methods were employed. l-errrlLtr-f retluenr.y
data for gizzard shad, .grp, and bluegil I were acquirr:rl ciuring the Selrternber and
llove'nber l978 and 

.|979 
birnortLhly collections rJescribed in SecLion l3 (herein).

Length data for channel catfjsh were assembled from cove rot,enone samplinq
(section 14, herein) conducte<l dur.ing late August ancl 0cLober oF l97g arrd l9$0.
Largemouth bass length-frequcncies were construcLed frorn lakc-wirle electro-
shogking surveys'concluctecl from !5:0ctober Lo 20 Noveryber l9/9 and fronr Z9

September to 25 November 1980, t.engtlr data for white crappie were obtairred frrlrrr

5eptember and November (1978) birnonthly catches'anrl f rorn Septenrller anrl Novenrber .

(li,Slg) bimonthly.catches combinecl'witn .ou. rofenone sarrrllles otltairred in 19i9.

I
Ii

::a': :

I'
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[l"r;.Pgte_f''rf:n aethqd (Ricker I'i75i x,lr ir',vij f r-rr' i: .;.]ii;1.rr.1 1.1,. 1,tr.l .ic.,:,rir::.;iJ . ,

gllZdr(J fha,1 , Cdrp, chdnnr:l ,.elf t:,lr , tr,i;r..gtli, .lr;!l i,rii.tlr, ; r..,iji )r. -t., ..,.,i;:rli;r.t?
iS baSttrl On tne aSSUniptlUrr tl!dt 5l,Awnin,1 o, iri!-.i d?.r') rtll;. tri,l I rr.!! r 1,ri .l;,:
qroup iS rcprgsenlr:rt by i.t tq()tjn) 1,,,rfigur',tt !.iri '!rl !)ir: li,ri,;!li-rr r,{i,Jr,rli f
diSt-riltrttirtn, llsually rfrrly thr: jioi;nqtr- d{Jr1 ilr..jiji}., iqi:,rt, l,rr, jJllr,r. i-u(l,j.t,-i;rir,nl
(Bagenal oncl Iesch 1978). Growtlr ,lf '! ,ir,lr':i^r,.r,ltir L:ls,r r,f { fir)'t li:r.ttdjti ij7 d ldrf: ,ln:t

recaplure pr0eedure rtescribed in Sr'elirrn l7 firt,rr:'i ni, iiricf ly, irrd!vi,j,.rail of'
known sizr: (all t?00 nm totol length) r+r.:re rn,ir'i,.r:rj iri(J r,t!t],1<rt,4 in t.hrl ri:,.rnq t,f
l9/9 anrJ d(ldi4 in the sprinq of l9ljO. Rncapt ur'e o{'r}ar i:p,.l in'l irii!ri.r'l s in tni.,

e .rllOwl,J,ntr.tSr.1-rjrril1t')t 0f iltri irif. l.t.dqe in

length aLLairted tly e,rclr recapturerJ f ish rl rrlinq tlre l9/Q rll lrilr{i <1 r'r.iainq sr-)4s,)rtI,

thus provirJinq an estimatr, of gro#til rturir1,.1 thosr: p{rri0rl.,, Grr.irvlh r,tlns,:f
Sinaller indiv'idrrals were also estirnatetJ in l9il0 iiy a:rr,lri: ,lnrj rr-'c.tptLJr'r' ',
procedure rn0rJif ied from ilinne {l9i 6), lpnci,pi-111r, ,-,11'1girr0 irr s i/t' f ,'0rrr 100 to 109

rntrr total lenqth were marked in Lhe sltrirrq of that.:/e(tr lly rfnovirrq ttri3 lL.cor-rd'

tJorsal spine, those ranging f rorn 110 to ll9 ,nryr by rcrntv';.{1 t.ire thir-rj rl,;rsa'l
spirle' 3n(l 5o on up to t-he li0 to l:/9 rnn i nIer-val {.|,.r:;L <lr:r'sal \pirl,] rrjrr}rjy{i li.
Fish rvithin the lf-10-lB9 and lq0-199 length irttrrv,tl\ wt?,'e i;ii,pn dn,il :;')irr,,
clip5, f irst. Lwo spirtes arttl third spirte, rrrsprict.ively. Ai I sl)(,ciinr,r)i ,{frrl ,}'l.}rI

f in clipped (lef t pelvir:) to airJ irt recoqniticrrr uf rndrk,rrj intlivirlrralr. I ir,|r
rccaptttrert iri Lhn f all of l9B0 or the sprinq of lrlBl wi:rri rnearurrtl .trrr'l

incremental length increases were cdlcul,rterl for rtoclr irirJivirjual.

Ages of largentouth bass wer'c determincd by viewir)U a cross-sc.cl ion of Lhr:,

otolith (sagittae) unrlcr a tlissecLing stereornicroscopr] r-,(lrtippccl with ,J po'lar-iter
and a transrnitted I iqht source. tiach hyaline zone (Parrnel la 1974) arorrnd lhe.

nucleus' was counted as orle annulus' (TaulrerL eL a I . lgSl ). Al I trass oLoli ths "
werre obLained f rorn specirnens 'captured by clecbr0shock irrq at lreaLr:rl anl aqrbir:rrt

locat,ions (Sect,ion,l3, herein) in ,the f al I of 1980, Aqc rJroups were ttesignate<J
ds.0, I, II, etc., corresportdirrct t,o'number of, dnnuii, follovrert hy i ,r.t,r

indicating that all samples were otrtalnert late in the gr.owinrl season. '- ' -

catf,islr, llluer;i1 1, largerrrrorrth bf,ssi an(l

ing nrean relat ive weight (ilr-) values
observed (rneasrlrerl) weight Lo a lrigtr
.3 :: . ' ,1 "

llody condition of gizzard slrad, cliannel

whjte cr:appie'were evaluated by calculat
(Anderson I 9S0) . Th i s i nclex rel ates the

.:, "t :. ,,1 , . l5

't'
I
I
I
t
I
il

il



Qttal ity,.,gtarlrlard w*'ighl- tJr.:ti'tr:t1 f ;.*o fr,jill rirr,t,l ,.-', i,.',, - jrj : 'r.:,tr;ir: .t:: j s.-:- t, I ,

OfrServaLir)n5',rtlr,i Olltainrld r4 l,:1,:.,i/1,i1,_1 r.til(t ,;.rr. li trl;. r,,, j.!tt rl

individualS CfrlleCtrfrl Iy clrtr-l-rr,5lrc.rcl.,irr,1 ,it,!r:lr. , !r.,,t -i:r; ,. ;i,, i-.r,:.,,r.,, ,:... i,ri
were uIil izgtj to insitre tltat ,rl ] \pec r,:!jrt1. ,,4,p1,, {r ri.!,, 

^.,i,J.. 
rr,.i., ;r,. i. '.,,;} r!. ::,,

inetices w€rr: calcslattirj f or lre,ltrl{t .lnr't 4:rrl}1!,'l'l },',; :r i..,:'. r,,i ( , i,.i ir ,r r.ri.. | 4-
-t:

cove r0terlonc sdnples,

PrOpOrLional stock'denSities (Ande.son.l98t)i wei'r: ,:,;i,. i'ir -., ,. ;,;, tt,iii)!ii-
f requency rJata frrr 0ach of thrl six spec.ies. lir,; irr,lpi r,il.ttr:,; iii,' r.;.,11ry1 ,{

"rl'ldl ity" Size incl ivtrtr-rals Lo thosr-, cl ,,slr;r;t.,, r 1tt. i).. i1..., ir:,,,1 t:.,, ir,,1r,;., ,1,

l9il0) anrl provirles iJ b0sis f or inlerltrr:tirrrl thr, iJr-,9ir'il,r ii'. i ;, ,r :1 1.,.i-ir, .{.;r},- !,:\
5 ize-5truct,;re bdserl upon i Ls f uncL irrn if or'.rr;,, rir- ,;,1-1,, i i. rr r ir, l1i. r ,,,ii

cornnlun i ty.

n[5uLi5 A|{0 1l i:ittJ_l:;tljN

Gi zzard shad

!arlgth-frequeilcy rlistribution.' of gi /-r,rt't) qhrrrl u€r'r: elr,rrrr!,jiil:r.rJ ,r! l;i,rrr:r:iat iflrj
were sirni lar over Lh4 Liro ycar's sa;nfrled (l'iq, 15. I ). Il,:,':tr ..,,1'-1111,-/{,rlr" {,r,r,; i.ri )

w-|_9_[g-LenL irt each sarnple (nrodally at 95 rrrrilirr ]9/lt], hut they rvp',., lot
cpCInlon., f.!.g.i.l'.s-ry.4=1"! s-i.z.e-4rtrl stt0na =x-hoo!.ing !.qspolsyn probably conr.r'ilr1i9el ri-r

dn tTdclUsL.!lO!.e.of ahrtnrlanCe llecause. 1tf sanlplinq gC.lr a\,0ir1,1rr.0. Cove r-Lrtr)rlrJ1(t

sarrrpling (SecLion .|4, hcrein) wlrich was rnor(: s0lccLivc fr;r yourrg f ishes,
prottuced large numbers: of aga 0 r tlltzartl slrad in 197,1 anrl 19110. An arern{e ':

langth 0f 95 tttrn by Septernbcr was typica I of aqe 0+ qilzard slrarl f ro,rr l.okes

Sangchris and 5helbyvil le (Joy and Trarrquil li t979) buL ,/rd5 sl ightiy be low Lli.:'t.

aLLained by Scpternber younq-of-Lhe-year from olhcr rnirlwesLerrr w,iLer^s (Car.lanrler

1969). Ages represcnted by the pronortnced .|55 
mrrr rnorltrl conf iguraLirlrrs (Fiq.

15.1) could ,noL be ver:if ied'but age I,| was.'prob;rble in vievr of known ogc-lr:ngth
relationships of this speciLis in Lake Shelbyville (Joy anrl Tranqtrill i l979).
0lder i.hdividuals may alco have been representerJ in that group, however,.since,l

. .:: , : . : : .

age' ll+--and'olrJer''individuals were strongly'repicscnterl by n 260 nrnr-,lodel irt Lake.....
ShelLyville, a mod€ that was not,evident jn Coffeen Lake. lL is thu.s suqgesLed

th.at II+,6n,1,'o'tder shad may:b€ rare inrCoffeen L'ake or ey.hibit slow qrovr[h after
, ,:.,: ,-t.1,. ,:',. , 't,t:, ' '", "
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Fig. 15.t. t-ength-freglgrlcy dlstributions of qi ztard
beprernber t9ZB (upper) and SeptemUdr lgTgIne samptes represent pooled catches from

shad col lec[ed in
(lower) in Coffeen Lnke.
four sampl ing stat ions.
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I
l'

?.:jJti.:l{-f"i.,L*s-.-:}.f-;..r1i zu 'r'{l .-!iri,,i e:+i .i.j:'.i: r;ijui:

{fti.l . 15.;i b,t5.i4 u[r1;rl 4 r(.ft-\rr+:t.,!lt:rj 1,1 ]di =.,ri-:

1980i. rii i'1lrl, 1'1 \+taor /n'l xrrg .*u"rrj, r:vi:]r:n! ir.:r,

f q prqtta!1ry{i.id S i f f er{.,rrr.r5. it i.r;ri4I! r0ri itrIacr-,rr
5tlflllir,Lt,d tjTff lhe ty{i} ./*i!' {)rlr"ic.j*.

C.rro '

The C,lfp pOP'rlALirlrt ifl {lClf f,:,trt l.ll,l ,JA,, C;},fl'tf-1.!r1rl rr;:.'i ,,1.,r 1;.i,i ,i{ i;,.,1,., I j.i1.
f iflres'*ltiih preClurft:rl ,r'le rtfr(t i;f.frHLtl r-,v.!lrl,tt.ir:rr iir,i, l:.i]. it,rr. l,r.!.;,,,rq,,r,. r.,

tl]a!-.s-pilryni,0g gccilrl'ed since ripe rnai,tl ,]rlrl ir!',t\.. ii!. !',:il,r1,.i *,,,., rrrr,*er.ir]t,_r.,..1 i,r
Llre f ie lrl anrl sl)drrninq activ iL iCs wcr.e (lCC,trii;11 ,1 I l;r, ,rl,r,.,r vlrl ,1 lrir;1 .,i1,:,,:1 1,i,.

VCAOtdLiOn. JrtVertilc f iShcsr ho,,{ever', ,r/rJt.rj r.r)rltiri{rir,rl5'l y.tlrirt:rt f r.r},:r l,:mrrl!,1 ry... -'''' ,

catch/cf fort and covc rol0none sdrnples (t,clirinq IJ anr! 14, l1i,1f irr), ,rrrrj .lriiy
two I arval c.rrp were collected rturirtq a lako-wit1r, I l'vrir f islr .; ,r.rrirl iri,l {)r.r)irr-,i,:!
(Sect,ion 10, herein). FacLors respoqsihle for Lhe,itppar.rllt, lirck ,]! !,u.r=*l!.:,irrl
rel)rOdUCtiOn may reldLe L0 Orrl Or rlgpg 0f thr. f nllovrirrrl . I ir:t, pr.r;,rl,sl ii-.rri 

'riegUs and I arvac rntU cx0lb c0nsLrainLs on spar/rlirtq succe$s, 1lr,,,uot.,:rl rrrlewh,rt b,r:r,-.*--;*--a--'- ::: - "t
the spawning strdte(ly of this 'species. Carp qeneral ly scaIter llrr:ir r3r1qs 6y,11-

b:9!-.oj-:tlfS-fggd. -Y.gg-g!.q!1g1 1fiere -e-g-,J:. inrl larvas rlevclop wiLtrouL [rar.cnr.<rl

TLe. In Coffeen Lake, vegetaLed- i ittoral reqi0ns are rlcnscly gruprrllteri try
smalI sunf ishes which Inay exert heayy prcdaLioit llru:,surc oll grose ear-ly Iif rr-*- t*^

stldei tf ish.eggs were an irnpor.tant componerlt in dieLs or C0f fecn Lake,""
bluegills, Section B, herein).
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impliilt rdDifl ijt'ilwth f Or tirai ,lr{;up i11 1.rtn1il'-r',,*rfi f ,r i i|}r 'rr:,1 l:;vt,llr, : l; " i'i
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1969), |lowgver, c("lfrsirlel'alrly f i:a+r yc!{tnq ii.;hrl'; '/i:f'-,'' r:ii}':,,:t,-,,j r.-, 
lti+'r. ir. I

ol'l / d srni!l $odi) at il5;riin vr'is titlllesti',rrt e1' ,trtp ll*irrii!rviilr;;ii iirrl, !i,.,i',.
fl*llliers of yortn.l f islres r.o'l lecLoll tlurinl litet- y,:'rr 1:r.rli.tlilt r*r:r'c 

'rtiii 
r,,;r i'.- rr'1i!

try ttelcct i trirr: mo{tnl 1t:rqth fot' tlre {l+ ,1',r': :}rj:}1rlr. ii:rr:lrl ,rl jritrrt ii.,r; ;1 r.

dpprcximalely 200 nllir was evi{Jgnl tirlring botlr yeari ,tft11 r rrlLirr:ir:lh .1<lr l+ tr.r i!riL
group may l)e dssurnrld, the cortf igrrr'aLions wcr''t tlosil'i v':lt'sf'.twr:rl rrr,l Lirir..

probdbly included olrler ind'ividual5 dt wa! l. Frolr*,''lirrn,.ti sll)ii rlen:rl i,-1'= rlr

chdnnel cal.fish'were lovr (Table l5.l) jntlicatirrq ftl* irrJivirJrr.tl:,:i qir;rlity
size, thaL is, f4l0 mn (Anrlr:rson l9ll0). [r11 rl.;np-lc! of clr,lrl'r(?l catf t',lt ',.tirr^,-'

otltained exclusively by cove rolenone,methrrJs {5ect iDn.l4, hrir'rl inJ, htrier't-:r: i

which may have been biaserl in favor of.smiller spee.'irncns'{llayn': i:L al. lq67).
Larqe adult 0atfishes FJere encortntered more frequcrtti.y in hi'nr)rti!rl/ 5,r'U)lrl\

(Sectio'n 13, 1luratn) due Lo the inclusion of experirncntal gi:l I n,-it id'rpl{ri wlriclt
. tllere seleci.ive :for a,lii^oader---size i'anqe of catf islies. Ihe ir-rlc 5itr-{triie t,r,rr
of,.the,channel eatfish populaLl0n v,oulrJ ba.difficul:l to estim,ltr try any: ': "
collecting method given the noctfral behavior of this sp,:cies, thcir bol.Loin-
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:lr*11,i*9 nilliJt=e, ,tnd. -r.he. r!qqi;j f i;r 14r11,' '; 1r+;iin

cttplrirt-' A'nrinrl il I Siaij rlrciii:!_

0titly contliti<-.iri rlf ,:ir.!qngl f lt:t5li n1\ ;i rit,: ,:r'rlrr ..,,' i,,) . js-i ,.,,: - , r"'litl
,Jnd !iff le ij'fft{:rrlr}i* rils (jelr:at(t{! i-,ft-$fl-ri,ti r:arf-lfr :lii:l ..,r,;!-i.,:,-,:rq.r ,-! }.1 . l-i.i;.
AVQrAqt rt'!ntiyf: rf ir;hl. vil,J{"{, rt0f-il ,}l}D:,t tij rrri.h r.r!i)f.,r,r:r1 i ,. 1r.,,-1 I I,r '! ,r* ,, 1lr1p1

i:Ainp.frg<t trl th,i t,tr'{jgt vliirf Of Ir'll iiutrje,-.,,)rr 1e,..:r, il.}l ji.q.i r,:l.rr. lzl nf iilrtt 1\
.t nCw ilppf U,lr.ir tr) j,111 inrl hOrl.t (Oldit i<ln r,f { j.,rr,,.:, r,ril ,;irir,1 ril ,rl rl.i l_y ir,tl
niJl hiltlil tgftq,l ijtLijri :i*ely. irrlr:rFrqt.alirin ,rt r.i!i,,11i.. 1 r,i'l rl(:S r,. r,!-ilt
5r r(:d\-It l,ltr,i,:.t-iv+.,. l?_!jijf:t,f l.rt,') el.riil rlr. f,i re-rt)l 1t-,,,! ,! iif ,-,r1i11;.,5 lrr {-i}rlr.l r, ,n

,w:r: srl99:rs{.e if rry Lho il;;TFi1. ).,.ii u,,,i nl crt ,,,11:t1 ).,6, l prlrf ii i,irr vatr1el
,1etll:l-e-Lgglea' irorrr r.!tr: l!14-i1eil r!.:! i i-.rr Lnrrje':l e .l!-f r:ir !r lppat!-1 t,iui rl)r.
clli1ggn.[.are-.|tolrilaL .suppor.r. i ,d,rsir.itrtu :i'o*-r1,,'u'ci-.,,',, e*r1 9r,.;wlr i',r."c f ,rr

iLis-!p=agi:!=. ln ;J.Jilion, t,:ids4eg ,t! z Fnsit iv= ie5Otiriie t.ii ihe iircr-neJ
rlf rIrttrttL was prlvirlerl hy r:atch/ef f ,trt. rJata ir,.rct.r,rrr !3, rrr;1-rr!r1 i,

$:ie{tr-[

Lenqt,lt-fre(lilene y diStribrttifns rf blireqil I 'wrr'r: pCl.*tu-rd.rl aniJ ,lirl nrrt .'rr;.:prl liii
Intn, indicatinl r_lg,r-il-?ir-th.r.ALfJ_ ii!!-il! ,ldulf e {l.i11. i5.r-}1. iryrl iir irrrir,;ir!irat,,
probably accorrnLerJ f or morles within thg 5-65 nm lr:ljqLrr F4nqr, D[j(,ltlqii {.]l illrl
erL0nderl Spaernirtg pe,.iocl of Llris species. glltri blrregi ll--. were r!r4{acfF1.ijrlr.i gy

rrnif piin)v sna-)) -s)zBd-in,livizlu.rls. 
'nrupo,-t,;'o;;;; :;;;;;;;t;; ,n:o".- ii*n'r* 

''

15'11 *e.e qtri'te 1ow trase0 itpon a ieioirwrdntled rang*.of ?l io 60r {:nn,:erson
l9B0), inrlicating tlraL !h-q.ppp-,r].q1" ion consist.erl of ver.y f ew 'trrrtiv irtuals of
quality sp-qrLfish size. Ui"irtf fV al f *,,..in,o,,. r*." i,f foraqe-f ish size anrl
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may play arr irnportanL role in srtpportirrq qrowlh nf pisciv6rtrtrs specirs. A

slll.l-l-lflt-ttu-lsd)-.-|lUggil!..pppqrgtlgl wis diso fourrtl aL t..rke 5arrqchris {ioy ,rntr

Iranqtril li l9i9) suggesting thaL over,rtrrrnrlance, nn,i conseqrr0nLly rt,rJrrccrt gr-riwtlr,

indy !g*Lgirc-q!-rC-tpaG;-i"-ir,edii-Gilr.n.e , or to a ii,ni'lar- rnorts of 
..'

;**t it, ftjiqs]ls -r Ek., .
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Hb therma] eiiects wcre ev jrJent in body conditiorr of blucrrills
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l5.l)' Presurnahly the forage ba:e for l,trqr-,r inrliv!c!u*1..,.*hicn prirnar.ilT
consisted of aquatic anrt terresLrial insr:cts {Sect.ion B, hcr^e in), was lr,irrtftl
artd exefted SOlle cOnStriints On qrowth ratrts of rtdrrlt.s, ll,cr-eby ,:ontrilruf irtrl lo
thg 'naintendnce of a stunted poprrl at iorr. Two f actors ,;iric.h ,nay contribrrLe ttr
that phenomenon include i ierspecific crynpetilion with ather. Lefromis species
uti'l izlns a similar rooa-'iiou'ce;;;;;.tl_r rrit-irioni pr*oiln_in bruesiils
!,1-':t!_flg*il-Lfglpg-r-f-u*lqlp-et j-t iqn f or. tq!:oge oqsqgi rnr. The I at rer s iruar ion
would be realized if largemouth bass, the major predatory species in Coffeen
Lake, selected rlizzard sharJ rather than bluegills as prey br:cause of ,t q.reater
dccessibility or d greater preference for the forner species. Arr ortdiLional

!gtlrtjjt-dererrsnL-Le*!-]-.tt9].-l-l:srq!y-!-rl-J-r-l-!s- iug$ily__qj_!:r*.j]*_ 
-- * ,ii

itjestatiols.Jound-inJl-e*_c!_flggtl L.atg_p_!ygg:l-l_gepyl j!i_ql, , ;;J-;i which is
addressed in Section l$ (herein).

Larqemouth. bass

.r The 1979 and l9B0 samples of largemouth bass each erhibitecj .r norle at l 15 nm

which was assumed to be representative of first-year ?rowLh {n Coffeen Late
:,,.; ; (Fig. l5.B). A smaller rr,ode, at I l5 mm, .+as dlso deLect*a iii' rglg. Sirrcr.
. .t, individuals ranqing up Lo ?.3? nrn in the igB0 slmple wer:e fouirri Lo be age 0+

(Table 15.2), a s imi lar aqe-lengtlr structure protrably existerl in l9/Q cverr
though a strongly bimodal length rJistrihuLiorr developeri among the yorrrrg of th,ti
llar, lbl3-l-..f-.lg.t!t:. ol*lJ!-'nl .quggesL qn g4cgpt.i.onally l.opi,r raLe of urowrh f rr
|*:j.y[l1_!11lJji:l_y:li.qr tir_e in coffegn Lake; erearer t.h+n rbal.

'- 9{{U-t!g(-[.f .lj::!:Ic-gr,in_,!jv!99q!: !n Lake sheltryv,ille te5 rnrn by Sepr.enber] as
reportecl hy Joy and Tranqui I li (1979), anrt in other wrlters 0f thr, ,nidwe.,t

(Carlanrler' l977l. Ihe mosl receftt estinalr:s of f ir sl yr:.rr rlrowth rates in L,tro
Sangchris, wltich were estalllished af ter implemenIat irrn of a :nar,]r.;0ment st,rateqy

, ,',- , , for thls species, inclicaterl a raf.e sirnilar to tlrat of thul Coifer:n Lakrt
'..-';';" , ,' populatior (Taubert et al. lg$l ). ,

Growth of age I bass (ranging in size frorn !00 to'!99'niiq) w.ls hiqhly vtriallle a,*,

dl'l ndrl incle;.sed in length
(Fi,1. 13.9i, Length

4xr in! thc 1979 arrd l9BCI

.i . .. .' :.> .1,:: :- .i !. . \)

I

detenninetl by recapture of mar.ked individuals, btrt

by more than 100 nm during the l9B0 groling senson

lncrements attalned by larger individuals {3200 ran}
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Table 15.2.
:

AgeS s6'. l'argemouth bass
areas"of Coffeen Lake in
mean lengths, and length
heated and ambient areas
respect,ively.

col lected from heated and amhient
the fdll of 1980. .Sa,npie sizes (lt),
ranges are given, Samples from
are designated by tt and A,

-r
I-
I

I
:.

I
Itt

F-TAge group

,..r: . :

.,,,t ...
:a "::- .!',

162

282

4il

0+

l+
'.1,:::,:.r_i.... 

r'llr

23 ?.6

23 16

;r.:.:..t ,;:i 0 't

I I I+ 1,. 
.?

-.91-232 92-227

255-434 ?.4A-346

262-383460 3i 3

I
I
I
I
I

166

345

t
I
T

T

t
,i

I
: -;/

-I.!

]-

lspecimens se.lected for age analysis ,.,ere not necessari ly representativeof the Iength-frequenc.y,dist,ribution of the population, orreven that of theyounger agelr a1{ thut may not reflect the true mean lengths for the age
groupsconsiderejd.,.'..-':':.-....|.{:.'

l5.lB
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groHing seas0ns were descrtberl by a llnear rcldtionship wtth lotal:lenqtir and

were very similar Over the two growing seasons (Fi0. 15.ltl!. ilrr: signiiicdnce
of the Iinear relationship allows a predictiorr of growt.h for Lhc size g,'oup
considered in that, f or example, 200 rnrn f ish can re *rpc.ted to re{lch ,oo * ,,,
one growing season! 

,

0veral I, the aqe .-strr,ct[e___qnd 9r01.!! 1a!:s__-'_LlilLgg1gyrh.-ba!_s -.wql.q. e{eitpl ary_%-_:_

..,f9|*!l_1:$g!.rqr*U !b9 lrqlqrr- an-{*i-r.-d.i.q4!-e.d-!ha-r,.lsr ile lrq Je.gtl
,-c_0j:ig!le_d.r*!,lg- QqtfCen_.Lnke_.tla.bl_!_!!-*st].t,p_o-rred I lapi{ 9rowilr rare dn0ns dl I

r{

FIttt

gru9it i-q.!--q-t.-l-a-rser$_q.c-ir.flrs_. -(")?!10_.!r)-y9: _q q i !g- _sJg9--gJ.gr-q]l . ! g__!!9r.nra r

t1ffgeoqgq--uele*i$p-U-c-ale*d--ql_bqr-tn.g"-gl].]I!*a,* --ol-.-.-q_ro i t ion of sma l t er.* 
'''- 

l

i.9j:i4ggrs(Fiq.l5.1l).Thosecorr..tuJ-}l|''n..t.oi.;;i';;uir.iuit*,r
consistently lower relative weights, up to a length of about 200 nrln, corrrpared to
those taken from ambient areas. That finrling may be relatecl to differences in
densitiesrof I ittoral invertebrates ano smal I forage fishes between ilre two )f
Iocations, rather than to a direct effect of elevatecl Lerrperatures, t'jensit.ies
of benthic organisms and larval fishes were founcl to be higher at ambient
locations (Sections 7 and 10, ,herein) :which',may have proviclecl young bass'w.ith-a
moresubst;antialforagebaselcomparec|tothatavailableatheatedlocatirrns.
Food habits'of, fiist-year bass from heated locat ions prirniri ly consisted of
insects during the month of September, even though nrost indivirluals had, , ,r r:

transferred to piscivory prior to that tinre. The irnplications of thaL fincling
are discussed in Sect!on ! (herein). Estimated annual qrowth of. smalter bass,

.**
age

..glgr1.ps. Reynolds and Babb (1978) reconnrended that 200 mm f istueacrr jOO ,n*'in'
one growing season if a desireabie size-structure and production rate is to be
maintained in small impoundments. Althouqh Coffeen Lake is rnuclr larger than the
Iakes studied by those authors, our estimated growth for 200 rnrn fish exceeds
thei r recorrunended val ue by ahout sOI. Furthermore, our^ growth cst i:nates
suggested that the majority of individuals coulrl be cxpected to reach sexual
maturity after two growing seasons and th;us,spawrr at aqe Il, whereas attainrnent
ol'age III before first spavrninq is not uncomrnon in nitlwestern lakes.

Proportional stock density values for largemouth bass (Table lS.l ) wer-e wjthi,t
the reconrnended range of 40 to 601 (Anrlerson l9B0) rJuring both years, inclicating
jlgg!jg,,l- !Le--l!r-q-c![e--rer-nainta-inins*a.Higl-r-.r:g!-e- .q!. p1g!9c!ion. .8-9g-- :
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when judged on a lake-wtde basts (Fiq. lb,9),
thelr feeding success rturing the l9B0 growing

.ggttgj !:o-l - _.0 rnqr e 11$ -f i gyg l_r-- f.r_on 1p qt e d* a I e a p- 
.

did not revedl .lrry

sedson, suggesting

may olly have heen

I i;ni tat ions on

lhat poor body

a temiitrnry
st ate.
-")--':;-
:,
l{h i te crappi e

Young-of-the-year white crappies were rare in our collections sugQestirrg sone
limitations otl spawning success. The adult population exhibjterJ a wjde range of
sizes over the two sampting periods but the poly,rrodal nature of length
distributions,precluded age assignments (Fi9. l5.lz). proportionai stock
densities were high (Table 15.1 ) indicating a predominance olF larger
individuals. A-general increase in body condition with increasing lerrgth was

qeted*!-uru"lG:niGi-u.sir-ttu;fi iin^*rll!r.-__tgrr-{;.-luiiiers:n'
val-ue-o.L 100 (Fiq. 15.13). lg-g-.:s-tgly irr.e lol3glbase is o{ln,al_pd.y-.ri*1._
lSlggst_g!3gpiut. Reasons for that occurrence are not imnectiately obvious rince
other piscivorous species inhabiting Coffeen Lake showecl no sign of a slrortage
of forage fishes

15,23
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John A. Iranquilli and Lance G. perry

ABSTRACT

Spawnlng peri0dicity and fecundity nf largemouth bass (Hicropterus salrnoides )
and fecundity of channel catfish (Jctalurus punc_tatus) were exanirred jrr hedted
and ambient areas of Coffeen Lake, a 446-ha cooiing watcr rese;voir for a

945-Meltl electric generating station in central Il linois, The objective of ilris
study was to evaluate the effect of a thermal clischarqe on spawning time and egg
production by these species.

Spawning time of female largemouth bass was estimated wiur gonosomatic indiccs
and exarnination of gonad ntaturity stages. Spawnirrg was foun6 to hegjn in mid or
Iate t4arch in heatec a'i-eas but noi until late April or mirl-May in ambient arels.
The onsel of spawning by female largemouth bass occurrcd unusually ear^ly in the
heated area of Coffeen Lake and may represent tho earJiest recorderl rtate for
spaivning by this species in any IIl.inois waters. ![g_g3rfJ:pjg_!!.;
lgye$_?JseJ:l.er_t!e_pj:q_lyere!,L-l+.r.e9[9r{th bass .;1 pr*i;-.0 J;;,r srar.r in
growth:nd*U-!!-Ue!gly an extended growing r.oroil -*'--'-----'--'-':*---- ---*--':'.:'---

Effective annual fecundity of larqernouth bass ancl channel catf ish from lreat,erj
and ambient areas of Coffeen Lake was cletermined by counting only those eggs'larger than 0.78nm in diameter. Comparallle f ecrinrlity data f or these species
from heated and ambient areas of Lake Sangchris dnd from unheated t.ake
Shelbyville (Sule et al. 1979) were analyzecl in bonjunction rviilr the Corfecn
Lake data to provide further insight into the effecLs of thermal effluents orr
egg production. The estimate of mean fecundity for larqemouilr bass frorn ilre
healed area of Coffeen Lake (47,920 eggs) was siqnificanily loss than that found

=' ;; "t.-at,
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!.--'.,1 in.f tsh from,aflbient areas 192,472 eggs). A comparison of esLi:natetJ nrr.tn

fecundi.ty of.=bass from heatert aleas of hoth Lake Sangchris and Cofieen L.rku vs.
fish fromr,ainbient areas of these two cooling lakes revs,tled i.hat s1[lgl-f*__i!t]_r:s

sqpported significantly greater egg production. These results suggestea inii+4%

thermal rlischarges may suppress egg production by largernouth bass. Uein

fecundities of channel catf ish frorn lreatecl anil ambient areas of Coffu'en Lake

:nCe s - tder€ -l.ound - b-e-t {-e-eu -{ij.e dn

fecundity of channel catfish from heated and ambient areas of Coffeen Lakc or"'.--------*
lfett1eit'tqaltiEh"Jfqln heated a1ea!*qf.-.Uq!_h_._L_q!9_*StOg-q.lLtU arrrJ Cof feeri'Lake -1s.*.+---]---:_1+-..-+

f ish lrol arUhrcrr!-A-fgls of these lakes. The overall fecundity of channel
.--'4- *a-*

catf ish' f rom Coffeen Lake, however, was found to be llS!_r_ficanlly_*!lggljl:,,
thrt-!' lntpated Lake Shelbyvi I le.
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Sparning periodicity an<l fecunrJity of lJrgr3nx1.1111 p,1r.' iMrcr.np.t-r_-,.r1 ..,:Jlg.:l_tl
dnd f ecundity of channel r:atf ish (lctaluJus pu-ncta!.uq; i{r_,r.:r 11 r,t:,r i,t,?rj ,,., lJln.,,,
Lake, a thermally loaded cooling lake tn central lllrliois. Accelera[erl q+natla]
rJevelopment and earl ier spa?ninq by large,nouf.lr bass irrhabiting tlrer;nal ly
elevater! areas has been demonstrated by !{itt et a!. ilg/0) in lhoinas Hi!l
Reservolr, Miss0tJri, and by Tranrltrilli et a1. (l9Bl,ri in Lake Sangctrris, lr1sr-r1gr
Illinois cooling lake, but was not observed in Par Ponrl, a copling lake for a

nuclear production reactor in l{ortlr Carol ina, by Berrnett and GibDons (lgi5).
The ef fect of a thermal ef f ruenr. on potant.iar eqq proriucLion ifrlc,rntii Ly) by
largemouth bass, channel catfish, and two other species wds r?.<a:ninerJ by Sule e.i,
al. (1979), who found that (l) largernoutir basS from the heareil area of Lake
Sangchris we;^e less fecund than bass of comparahle sizes f rorn ne,,)rby rrrrlreaLerl
Lake Shelbyville, and (2) channel catfish from the heaLect arL).r of Loke Sangchris
were more fecund than channel catfish from ambient aleas of,"hat lake. Results
of those investigations suggesterl more informatiorr was neerlctl r-eg,trrling lhe
dynarnics of reproduction for these two hiqhly iniportanL spor-tf rslres irr habiLats.
affected by ther,nal disclrarges, ancl pr-ompted the presenl. study,

MATTR IAI..S AND I4ITIJODS

Largemoutlt bass were selected for evaluation of sp.rlning time hecause the.y were
one of the most sought-after gamefish anrl the rnosL inrportant species in Corr.un
Lake from a management perspective. Specinens were col lected periodical ly fronr
'28 lilarch to '17 May l979 .atl heated anrl arnbient areas (Section 13, herein), i)nl,::

'mature' fernale bass were util izerJ. . Eaclr f ish was weighed to the nearest qran arrJ
dissected to allos*, remova'l of the gonarls. Two indices were uLi I izerl f or
estimating time of spawning at ttre two study sites. First, the qonad weiqht of
each fish was recorded to allow calculation of the gonosomatic index (GSi) which
expressed qonad rrreiqht as d percentage of total borJy weight (Koya anrl ilas ter
lg72l, Ihe onset of spawning is presumed t.o be marked nv peat lttualues sirrce

:.: .:.,.:, - ..:
::.: '.:t.

..:l. l:

I 6.3



gonad weirlht increares relative'fo
ttut rapidly <iecreases therpafter.
the st age of gonarl naturat ion anrJ o

wi th .lli ko lsky.s scirenc as presenter!

ta I a I tir-rd7 rri: r ,;:r f- :;1r

SeconrJly,,tn r']nr[;t r ica

C rlrr'PSP0rld i rt;J n,rjl)rj'-

i n B,tqena I JrrrJ 8r;,1:rr

i;:i l!lil i. irl.: i.rl. .,1;a*n it1t1

I jr;1rltl'.,,,,rt aii .r t.!., ,;f
;rr irlt*rt i n,tr.t,.<rrd.lriat?

{ie/li:

T

I
I
I

- jtrrnature,
' r(t"t irtg shalte. nat.;rat, ion
= 'lafuf i tY
= roprodtrct ion
= spe6t condition

These indices, along with water temperature data recorcfec cluring each s.i:nplinq
period' were plotted by month anrJ location Lo provide d rn€(-trls or astirnatino tle
time and duration of spawning among fishes exposerr ," -t.;;;;o ono";r;;;;;'";;.
temperatures.

0varies of rnature fernale largernoutlr bass an<J channel catf ish were col lecte,cj
prior to spawning frorn heaterl an<l amllient areas of the lake duri,,g Hu.Jh, n,,r.i,,
and ?'lay of l9z9 ancr r9B0 for fecundity anaryses. Ar r bass were c0, r;.;; ; 

' '

'electroshocking; channel catfish weie collecled with gill nets ant1 trot-i,,.,...
Total lengths (rn'n) and weights (g) were recorded for all specirnens. Gonarts rver.e
excised while still fresh, split longitudinally, and preserverl in modifierl 

- -

Gilsons fluid (Simpson l95l). sample jars were periodically agiLated to fre,o
the eggs from ovarian wall tissue. After the eggs *or..uourui*a, 1,.v-"r;;"
rtusfef with tap water and ailowed to air dry unti r crumping was rninimar. The
remaining fragments of ovarian tissue were then removed by hand and eaclr eggtutt *us weighecl to the nearest mi I I iqram. Two ranrlorn ,ror.roiur"or*ouo *a...
ohtained from each sample, weighed to the nearest 0.t nq, ,,.'0-."rrr*nl'"*rrn.,.

:l 
.?n: per subsample averaged 1,253 (range 353-2,262) tor bass anrr Br6 (ranqr:

301-1,455) for cltannel catf ish. 'Bagenal and Braum (l9is) recomrnendecJ srrtrsa.noles
containing 200 or more eggs when utilizing this rnethorJ of fecundirv nri,;;;;;.
For both species, only eggs )0.75 mm in diameter were counted in or.le,^ to
el iminate imnature ova f rom the estimates (Kel ley 1962, arrrl o6ers1 . 

- 
,i* ,uu,,

number of egos per unit weight of subsample was used Lo calculate effeclive

r 6.4
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€f fective,'annual f ecundity, that is, tot,tl rlriqrbttr' of ny4 prlr, lnii ritl,rJl traL
indture dilring one rpawning seas0n

Data analysis wal accomplished by a Iinear rerlressir:rr of lnq ir';.1 ni;,rir,ir' crr 'lo1

tot-al length. Because i.here ls a positive linear reiationship lieLwer-'n f ish

,lenQth:and egq nunber, analysis of covoriance (Sne<Jecor anil Coclrrarr 
.l957) 

',ras

,used to remove the effect of length on egg rrumber prior^ t.o conparrsc,n of ineall

f ecundities. Mjustment of means in this rnanner el irninoted {ny b!,:s
attrtihutoble to size differences between sarrrpling sites, Raw fecunrJity t1.rtr
presented by Sule et al. (1979) trcre also anolyzed to allow colnparisoas Set,.*eeri

Coffeen Lake and Lakes Sangchris and Shelbyville.

RESIJL TS AND D I SCUSS IOII
.

.!pgqllrg Periodicty of Largemouth Bass

Mean gonosomatic indices of female largemouth bass froin the discharte (heate61.

arm of Coffeen Lake ronged frorn 3.0 to 5.8 (Fig. l6.l i. The rreak was rrachr,rJ on

'12 Apri'l but a simi lar value (5.4) was found on 28 l4arch, sugr;estinq Lirat

spawning may have commenced earlier than the peak GSI values inrlicated. J:!edn_ 
.

gonad mqlq1i-!J*_1,!ggg._l-19i-cq:--o_f._.p_-a-lt !fqtn heated ilreas were in close aUreerncnt

1i"t;!!_9-Slv-alues in that most intense spitwning acLivity rangetl l"rorn rnid tr.l ltte
April. The ranges of those values are equally important, howe,rer, anrl the

frequency of actively spawning and spent females (eight individrrals running eqgs
:and one apparently spent) encountered in late i'1arch (Fiq. l6.l ) inrJictLerl that :

spawning act'ivities began in either mid or late i4arch, consistent with the

relatively high GSI values observed at that tirne. In contrasL, GSI values,: :.
(ranging from 5.2 to 'l'1.9) and gonad mat.urity stage in<lices of bass f rorn arnbieni

areas implied that spawning in that region begart in late April and exLenrieil into
mi d-l'lay (Fi g. I 6.1 ) .

"spawnirtg"

r 6. r ).
or l98l,
studies

cortdi t !on ,{go11ar1

.lnile ;pawning ,

fema le I argemoulll

(secLion:l:7-r:'I "l
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herein) and found to be ln "spawning" conrlitlon on ?,5 i4arclr rlurirrg bofh of those
years. The onset of spawning in Coffeen l.lke was thrrs coniiderabljr elrl?er !hdn

that rtocumented for this species in heatecl dreas of Lake Sangcirris (Ai;ri I i3 and

l'lay l)by Tranquilli et al. (l98la):and rnay be the earliest recorderl drte'fo. ,

Spawning'by this specles in any lllinois waters, Ihe trnusually early spaivrting

date in coffeen Lake as (:ompar'ed to nearby Lake Sangchris is protrably rJue to its
heavier thermal loading rate. the greatest benefit of early spawning aclivities

.-..-'.,.'-''
by largemouth bass in Coffeen !-ake may. not hove been full,v realizerl, however,

st|ce the Coffeen 
-Ge.ne1a!in.g S!gtion typically reduced its generation capacity

in April and Hay qr eaeh'year'(Fig. l.l,,herein) for scheduled niaintenance and' ":*
rqpgiruorX. -i'h-'ii iipiciiiy.resuttecl in declining discharge teinperatrrres in the
heated area of the lake just as bass were beginning to spau{n and probably,

delayed spawning by most of the fish in tlrat area for I to 3 weeks. In spite of'

this delay, spawning activity by most fish in the heaied area was still advarrcetj

over that obselved in ambient :areds

The accuracy of the spawning indices utilized was depenrlerrt upon the intensity
and'frequency of sampling of adult females during the spawning season. Since

our specirnens were collected at l-2 week intervals, peak GSI arrd gonad rnaturity
stage values cannot be viewed as precise estinators of incipient spawning.

Nonetheless, both indices sugcested that:bass in heated areas commencerl spawnin3

3-4 weeks earlier than those in ambient areas and reached peak activity
approximately three weeks earlier. Eievated water temperatures in tlre discharge
arm probably advanced spawning time by acce'lerating the reproductive proc'ess or'

advancinglthe time'of reproductive readiness. ' Surface water temperatures at the
time of peak GSI va.lues were relatively low ('16"C in the heated area and l4'C in
the,ambient area), but higher. temperatures prevailed ear'lier. at both locations
(Fi g. 16,'l ). Presumably, temperatures suitable for spawning' ( 15.6-23.9'C,
Heidinger 1975) precedecl the time of initial spawning. A more protracted
spawning period in the heated area (approximately four weeks in duration
compared to less than two weeks in the ambient area) may have been a

ramification of the.drop of water temperature'in Apr.iI .l979 
which was coincident

: " 1.

wit'h reduced: electiical generation'.
,.,,' ,:' -i. . I 

,'

:
t:
::

..

=.::r , .,1: l'
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the spawning act in, f ishes typically represents the c,llrninat ion of a seri'es of
,pllysiolo'glcal and behaviora'l events tlrat are regulateld hy t-:nvironmental rtiruli
anct merliated through the enrJocrine systen. ln t.empcrat.e rc..lions, wher-r fndny

flshes exhibit tJiscrete spanninq seasons, reprodrlcrive activities may be

advanced or'ctelayed depenctinq upon lhe I'ate of temperattrre incrc.t5(: in 5prirrg
(Breder ancl Rosen 1966). In that respect, cooling lakcs represenI a unirjue
spawning hahitat because of the input cf thermal ly enriched effluents.

.

The earlier spawning time exhihiterJ by largemouth bass in healert dreas 0f
Coffeen Lake was in aqreernent with observations on spawning of Uris species in
Thomas Hil I Rese.qvoir, l,'lissouri, (i.litt et alr. l9z0), anrJ in Lake sangchris
(Tranqui I I i et al. lg8l a). These results r;'iffererl somewhat from those oi
Bennett'and Gibbons (1975), however, who found no differerrce in the r'eproductive
cycle of largemouth bass in heaterl and amlrient ar"eas of Par Porrd. Ihey rlid f ind
that young-of-the-year fishes from the heated ar0a |'Jere siqnif icantly large:-,
srrggesting:tlrat spat{nirtg activities and grorvth rnay have treen accelaraLecl.there,
Accelerated reproduction in therrnal outfalls for other freshwater species,has,
also been reported. l4arcy (1976) found that ovaries of f ernalc br'or+n bul lheads
(lctalurus nebulosus) and white catf ish (1. c.a!us) tlevelope rt unseasonably ear.ly
---:-during winter in the rtischarge canal of a nuclear'power plant cn thc Conneclicut

River. Carp (Cypri-nus carpio) in Lake Sangcirris spawned at the saqre tirne in
heated anrt arnbient areas in l9/5, but spawning ?ras advanced in lhe heat.erl ,rrea
bJa.PProximate.|yonemonthinl976(Tranquil:lletal.l93la)'

,silgg-t-ugqjge j+-[igUJ|*a]l3ltagqqu*s- i4- inter:specif-is,. csnpelr-U--ql -rygl?f_!j!rr, eail ier_gpg!!.1lg_r .trt-g-ii1l-l,t uy _q_pj:-civorrrrr_s-spsf gL sttg!,ds trl.e

Igemorlljlr:, ||I!thly_..b_9Jgl-l9i4l*Qg_c:!se--i_t_ej_v1=i _a- 
lyeart s!ar! irr sr.owrir

34j]j11*gry*p!:g-uJ-de:-an stLende.-rl-grow-log -season -in .ternperate geograpriical
zones. 'Sule et al. (l9Bl) demonstrated how this advanLaqe was utilizerJ hy
young-of-the-year largemouth bass in Lake Sangchris; when irass fronr heated dreas

re-ached 90 mm total length, they were able to consurne fish anrl their ivgrdgc
size,increased more than smal ler, prertominately irtsectivorous feedintl bnss fronr
ambient areas.
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c.rtch per unit effort {c/t) ana stdndi4r; rr()p sa"ples (secr.ions l3 anrJ 14,
herei n) suggesterl good reprorJuct lon b.y lrlrgtrfliouilr ha.,i i n Cof f {en Lek{} drrr in1
l978-1980 and C/t ctata indicated a relaLivel-v hir;h arlrrlt stock censiLy. Lengrn
frequency distributions indicat.cd Urat ihere werc two siz,l;n16ls5 6f
young-of-the-yeor bass in the fall of 1979. This birrmrl,rl r-listriliuticn ifidy h,tve
been,attributert to differ:ences in spawning: ti*e anrl iu lenqLh of ine,;rowing
season within heated and amrrient areas of the cooling lai<e.

Kramer and gnith (196?) reported lhat unfavorable water temperatures during a

critical periocl,(aftei egg oepositlon anr! before young were two weeks olrJ) war e

major cause of mortality affecting year class strength of largemouLh bass. In
Lake sangchri.s, Tranquilli et al, (l9sla) UU!:-ilg{ that the urennal ef f luqnr

:9e1q'9g-r.9p.IpduFtj9lLLl_].9I9q0qu_th_b-n5.5.u;!q.bj'i"".'"'@rr
rlu.qhf q!-!-o!1-p19.{g-c-ed.!.v*v-ag!.q.b-lg.s-lino.tic-corrd-irions -and, -,is -a f elul!_, 4\ 7T\

99[*:-tSd-ly*s-t-o-0g.-y-e-alj.]-asses*rrers*p.r'-oduced, 0ata col lected f rorn Cof f een
Lake regardirrg lgl.g-e1g!-tl1*La:s-n-ot-uln.tjqo-dgtt_s_ity__qgl. ygq.t class_._s.rre_$!rl_gie-
consistent with th*q!. conte-ll!-ion and inrjicaLecl that productiorr or goodluu;: 

,

.lt*;;;, *-. k.y.r;;;; ro rnairrrainire ; ,;;'r;.;;;;;;;r;;r;;;; .r" lF*.
'largemouth bass over an extendecJ per iod of t ime

.:
Estimates of ntean fecundity of Iargemouth bass frorn heated and arnbient areas
were 47,920 anrl 92,472 eggs per individual, respectively (Table l6.l ). tgg
production was correlated with total'lenglh in a positive linelr fashion as
evidenced by positive slope values ancl linear correlat.ion coefficient values
near.l.0(F.is.l6.2).Scatterplotsoflinearr.elaLionships(t,'ig].l6.2)
suggested that pronounced within-lake spaIial rJifferences in egg prorluction may
have existed. However, because mean leng[hs of specimens cJifferecl beLwr:ep
sampling locations, an adjrrstment of the fecundity values was n€cgSirdrt to allox
val id comparison between groups C_o-Ugaj.j:q!_-oj_rne4!_Jegrm1;|il.ics*af-Ler

,fglus.tg9!tJql-1-err9!h AUJse.nees*Ln.q.iqated-risnilicg$!y..hjglr-er---egs.pr-qd-u-q!_!on
il'*q]'ogg.:,j!L[utt-uha!:!rng e$[ie,g-q.rsr$ eiilil; I;r; il;; t; : ;;:*"
AdrJitional comparisons utilizing:,fecundity daLa frorn !-ake s,rngchris,: aq,rller,. .

Illinois cooling lake, and (unheated) Lake Shelbjruille (Sute et at. lgig) were
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Table 16.1. llean total length:Jnd medn,egg number of largernouLh bass anrj channel
.: '.,

(N), standard deviations (s.d.), and ran$es are qiven.

Species and Location , N'
Lenqth (rnn Tt )

Mean s.d. ranlg
tqq nrtrnber

I'lean s.d. range

,' - Largemouth: bass

arnb i ent

l.= 
,. Channel catf i sh

',

heated

amb i ent

l3

l5

l5

l6

37? 66

398 62

368 95

3/B 69

274-486
....

30/-498

254-6t 2

305.56 /

8,031 6,349

B,l'32 5,204

1,453.25,4-76

3,521 - 72.,679

47,920, 34,792

g?,412 36,2g5

5,598-l'12;515

3?,168-l4l,580

,,1':';'.::-
:-1 .;. ';,t,
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t
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Table 16.2. Comparisons ol adJusterl mean'fecunilities of ,f ishes f rorn
heated (h) and ambient (a) areas of coffeen Lake anrt t.ake
Sangchris, and from Lake Shelhyville. Sample sizes (N),:'' :ieast-sguares 

.means (LS mean),- F-varues, ond signif riani,r
levels (t = lX, t* " 5%) are'gtven.

I
I

Spec ies and compar i sons (N) LS mearrl F-value I
Largemouth bass

.r' :l '

Lake Coffeen (h)
Lake Coffeen' (a)

L. Coffeen (h) +

L. Coffeen,(a) +

Lake
Lake

Lake
Lake

:

Channe I

Lake
l-ake,

Coffeen (h) +

Coffeen (a) +

Sanqchr i s
Sangchr i s

vs. :

vs.

(h) vs.
(a)'''

54,865
E6,453

58,lB5
69,080

60, 0 30
57 ,067

7 4,?34
54,927

B,393
7 ,79?

7,735
I ,0?g

10,637
7 ,569

I 1,966
9,353

28.75*r

5.28*'

IJ, JI

I 4. 26**

IAO

2.87

6.55*

| .90

t
I
t
I
I
I

:

T

l3
15

34
40

t6
26

L,.

L.

Coffeen (h+a)
Shelbyville,

Coffeen (a) vs.
Shelbyville

catfish

Coffeen (h)
Coffeen ( a)

r5
26

t5
l6

30
33

JI

l0

16
l0

VS:

I

I

Sangchris (h) vs.
Sangchri s ( a)

1-ake
Lake

:'

Lake
La ke

Coffeen (h+a) vs.
Shelbyville

Coffeen (a) vs.
Shelbyville

I
I
-i

'l

lleast-squares mean = mean number oL;tgffi;r j.;
covariate (= 161u1 length). AdjustmenIs are basecl upon an overalt grano
mean a1d thus may change between comparisons. Values ar.e computecl ior
comparison purposes only and may not represent the true mean i'ecundjtv atthat location

16.T2
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:',.' computed in an effort to gain insight into tne natilre of thc:rrnal c;f f ect.s 0n e!q
production in this species. The second conrparison xas consistent wit.h r.hc

',, ' lCof,feen Lake results in that ambient areas of the two cooling lakel suppor.tetl

'. suggest that thermal inf'luences may resrrlt irr a suppression of eqg production by
largemouth bass. The overal l average fecundity of Coffeen Lake bass did not

-. $!r-gr:-igl".i-[icgntlv r-rsr-Lhar ot*rhe-Lake-strelory.-r_r]-q_!9.1_u_Lq!]gtr.b.-u-!-

:igl_1lj_!9jJ.ll*hiqlgl-flqlyqlaorlnas*detected .i n -rhe. amhi-qtL_41_e_a-_o_r_-cof re.en Lake
-lel- ggdg.-a- go" le"X#he.lbw-i.lle-est.imates -(Tabte 16.2) . r.ti;;; ;s;;;"it-'
from Coffeen Lake ranged frorn 5,598 to l4l,5B0 (Table l6.l) whictr is within the
recorded range of 2,000-l6B,Bl5 for this species (tclrly and Surber 194/, Sirller: 1959, Sule et al. 1979)

,', The'causes of spatial differences'in egg production within Coffeen Lake cannot :

be identified with certainty because of the multiplicity of factor.s whicn

egg production rates would arise from rnetabolic rate incr'eases since tlre cnergy
alloted to maintenance, growth, and reproduction (especially egg prodtrction)
would be altered by such increases. Differences irt age anrl previous spawnirrg
hi:tqlJ_gf_e1 alolber_p_assj_bl€_ejd:r.-lier lti*iil teai..d*f;;;il;; oi-r 

' '
_l-.t!glo_{! lqss in-heated--enri.ronrnents. risit ilnipiuo r,lou' coiro.n Like ano Lare
Sangchris could not be reliably aged by the scale reading method because of the

lg8lb). In view of the beneficial effects of the tlrernral effluent on fish !

srowth, ii-iJ-pg.;sib*G:l[qCrji.h_"'J"_.e;;*;r;;i;.;;;;;;;ul-i,^ou, *u.*9K:.^**-:---- " ..:- --.*.-i:.'.1*l'..-'....:..:* :-- . -.
youngetlU-O-,l,ltg-s*--.!g,s:-.fq-gund-) than those frorn arnbient areas and those frorn ,l
...-J-*'#*"''''

utgl"lfo*t=gtg Sbel$yville. Joy (.|979) inferred try analyiis of f isn size and ase

'.at.S€XUd]maturitythatlargemouth.bassfronrLakeSangchris.probab}yreaihed

,t, sexual maturity at Age- II, one year earlier than.was, observed in Lake ,

Shelbyville.

: : 
.:::.: .

:: t::" ,
t : '.1.

,,,i''''t'..,':,
_ l.l

Me'an fecundities of channel catf ish.were 8,03.l and 8,132 eggs per. individual
from heated and ambient areas, respectively (taute l6.l ). A positive I inear
relationshio betwr---'.een egg production and total length was detected and scatter

,:t 16.13:. , '

.a.---l : t: 
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plots suggested that fecuncJities were similar over the lr:nqth range of fishes
examined (Fig. 16.2). llo within-lake differenc.es in egg protluction were +virlr.nt
after heated and ambient values were adJusted for lcngLh rJifferences (Tabie
16.2). Inclusion of Lake Sangchris fecundity data yielrled results simi lar to
the Coffeen comparisons in that no thermal influences were r]etecLer]. lfg
151.1-1..-tlS:age*fecurtdity'in Coffeen Lake was found to be sisnif icanny.hlqlrer
fh* ;;t;i fi;-t.E;i.,;li;t;li-.^-o,p.,;;r j;;; ;;t rnu 

-coiioun ;#;;; sampre
*=#

alone was not significantly different, from that of Lake Shelbyr,ille. Tlre best
estirnate of fecundity in Coffeen Lake, however, is an average value cornputed
fr-onr combined heatecl and ambient samples since the two estimates did not rJiffer
significantly. As indicated above, that value was significantly higher than the
Lake Shelbyville average (taute 16.2). ln contrast to our findings, Sule et al.
(1979) reported that channel catfish frorn heated areas of L,ike Sanqclris
produced significantly rnore egos than those from arnbient areas.

Total eog counts of channel catfish from Coffeen Lake ranged frorn 1,453 to
25,476 which was slightly below the range of 2,000-20,000 eggs reported by
Car'lancler (1969). Several authors citecl in Car'lanrler (1g69) counterJ a1 eggs in
the ovary, wltereas we estimated effective annual fecundity by corrnLing only
those eggs I arger than a critical- size. Consequently, f g.clglj_lgdala-of--.r1osL
o!l"t -urtholt utu no fler.lly--ggfnpg1able to those presentecl herein. JearlcJ ancl

Brown (1971) reported a mean fecundity for channel catfish of l3,Z38 eggs for
fish averaging 383 mm in Lake carl B'lackwell, 0klahoma, anct Muncy (19s9)
reported a mean fecundity of 6,.|23 eqgs for fish averaoing 399 mm frorn the Des
irbines River, Iowa. sule et al. (19i9), using methods ident jcal to ours,
reported a mean fecunrlity of 7,882 eggs for channel catfish, averagirrQ 393 nrm,

from the heated area of'Lake sangchris, 5,601 eggs for fish averaging 370 nrm

from the ambient area of Lake Sangchris, anrl l5,4BB eggs for fish averaging 536

tntn from Lake Shelbyville. S'ince the fish from Lake Shelbyville were much larger
than those from Coffeen Lake or Lake Sangchris, the specit'ii cornparisons jn

Table 16.2 were of low precision because of the extrapolation re<luired to
accomplish the adjustments (Snedecor and Cochran 

.|967).

As with lalglmouth bass,

d!liferences in fecundity

I
t
T

I
I
I
I

t
I
I
t
t
t

t

t,
channel catfish from

between Coffeen Lake

!.o_[fsex_tn! g"-!gl-1.1 o t-_ age d an rJ

and Lake shel byv i i i;;;;;"piorr-aur v
I 6.14

l.,tii:l;i?
Irj
:',ji

r.:.;
-:.a.'ll;,:'! j';,;

;'. .,'.::r'i



';l:-,"'
l -=-l

,;:,r,

::::.,

t:
.=.

..]-,, . ,, 
I ' t 

'

due to dif ferences in size anrr -age, _g-gltcen-ra_tgrli[e r-ake sangchris . i, - l._*_**^*_--:)*' ---..y-:j*Lurl.--!-u-: *_.^ --......_-:^-*-_-- \L, \ J(Tranquilli et al. lg8lti; qgl!.gjnl-p--rlarrr-tl!-ry..repr'ducing popurair'n .rrfi, }(
,jl119l_*q3!!l.th (Section rs, nerern). rhis is, ,^ri,i.i ;;;;;r;; ;; rl unois',
channel catfish production is usually not successful in large rescr-voirs without

ofpiscivorouslargemouthbass'II,*ul,.1L,ltallysuccessrut,ei,oou.tionuy
-,.,.:_*

g Lu.tlel -*!J Li-ljl .!lLq'e _! 
rq- e,ee 1,! !e-- I eLu'_ :lies.erlt i3.q! 

-, *ei_ r hq ii,;-y ql"o -* -*"
temperatures and/or thq*o-r.Lif"k-ial-c.ur:rent- is. advanllggo_ug !o inti species. 

'

. ,119 tululdi tv data-srJgi$!ed-$4 bnth l axren0uth-.blss-and*chorue.1-e-q!-fr:l-11li"Xr

::egldr::J9p1g{g*11!_-0-0.!e,!_!-r-aj._rn-!.offes0_Lake. . To mainrain a stahl. 'iirr, 
-

population, the onty reproductive requirement of any pair of spdwners .is that
they replace themselves tJurin^ Lheir I ifetime. It ls therefore apparent that
fecundity as an estimato eproductive potential is not a rlleasurernent that can

.,, bt used to predict f-- rish stocks. Ihe actual number of eggs produced is
not nearly so irnportant as the number of progeny that survive.. In adrJiLion,' there are many factors otner than fecundity which govern yuu. alass strenqth.

' TheJ include J-r-'re-o-r*.sp.a''nj.r19, prg,!-gl.ce .of .p-Le-da,!grv-q.t q.q,Ip--e,!-i-!.ry..!pgcies, fo,-0,!
availabil!ty, cgv-e,1 -avo.i.la!.r*lity, rate_r _qu_?!i!y_during ilre spawninl season, and--_-_ _ . _,.. _.___: -_..,. .....-..,_.--.-
even the numbel-of*ggad_spawning s ites . In adcli t ion, a "cornpensatory response-,,
may be generated in fish populations such that if the population iC reduced, the
fecundity and/or the survival rate of remaining mernbers tends to increase' 

- 
:.,,

ii,i.
i:

l'
l''

(McFadden 1977)-. Both-positjve (earljer spawning) and negative (suppressed
recundi w) rry:*i * ille"er riqtn;.. -;j o..i i';';;;1*rr't;iltil.,
llg:99le-[9 q1-rlls!.!.!v-ql-iudgirg !hs-e.-cgLr*sjigr -i-Tgt.g,,r'oi 

uiei'ir er:iecls+ _1 _ .:_::--::j..__,.;.t__:-j_J:_v.y-i_,_1v.:.yilL_y--"_y:y:,_L.g1.,_rr[poLL) ut Lltel_rildt elrecls r /,,i.Lll:" oLlbe -u!erre-!-q-t-lons.h.ips- -b-e!weqn those environmenrur onJ uioloqicat +fu/
'h9--1-u.c-qq-qr qf--rpecie-s-irni-rri iri.',r iboii nn 7 r t /lY
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t'OV€llEl{TS, P0pttLAI!(lit [:,IIHd:il, jrhi) r:,;,ilivri\ i r ji; r.:;'rt::i,i
0F LARGItl0tllH EASS AS itittirp.!riir gy v.ir,i i:fiii ?i.r;" ,i,

t5f1;441[1, l',{ Cilfi:f.Ih ; dt,i

n)'

l.ance it, perry Jn1 ,, rlitr 1., Ir+rifl,;, 1 | j

85rnA:1

A mark anrJ recapture technique ras ut i I i eed to ,Jet.*.r'nirzt: .n-vfngnt ant !-e!.ns In{
to estimate pngr,r!ation slze anrl f ishernan crpl'iitetir'i,)f i.)rqe,nt,,ith r\{lsq i.1
coffeen Lake. f''lean rllstances trayeturJ irJ narke4 f isn ,ier* 1,3?5 ,neters af ter .ln

avrjrdge of l6 rlays of I iberation an,J i,??l net*rs af rer itn .ltq!'egc rrf 30i dnrs
at liber"ty. 0lsplace{nent diEtances {fr-onr releesr: ilt4ri rere,ror.olaterj to thrl
sir€- of :narked indivlrjuals sr tc errnber of ilays ,-'lapseil betdecn re!L,dss orli,l
recapture. A Signif icantly q"eate. dyrjraq{i digplacenerit /yas iletr-,cttr1 lmonq
indtvidrlals arlSinal !y rgleareri in the hcar.ed dred of t,re l,lhe {oup.Jr*d t* [r1ssl;
release,l in anbient areat. Ihe populglion r:stinates f or f ish r,?00 rrrn total
lenlth wcre 4,054 1 1,174 as of f4ay igl9, arrf 5,466 : t,Hi ur1, tu, i9T0.
5taodtng ct'op sttimatel derived f rorn tlrosrj f llues irerri g.l kg/h.r ,:nrl l{}. I ig,/trl
fOr tne teo years, respectively. r:por. l f ishrlrmo:rr ri:Dorieti B{} catclrr-,,, of td{r1r1rJ
f lsh and fl4 catches of untaggcd f ish. F{rsI of tne inrlr.,rrrruals s6rlgilt b.r an9!rng
rere kept.
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: Ifi trr0fluc I l{l:i

Ihc lorqemouttr basi (Micropterus salrrnide:) l s ,)qr1 .$r t nf ,;r,)(..- r:ri)i)r-r, .trri. sr,:rt
fishes thrtlrlghout the |i.5. a..rC lh?'rtosL souan!.-tftrlr qlrr,:f ish i,1 lilinr;is
{Rogers'1980}. Ihis spee ies wa5 :toctrrJ in Caffeen,Lake in urt} rniit-1a60's {ll l.
Oept. cons., 0lv. Fish. files) arlc Dr{Jrently crc.rpies tire rriqhesL Lr4p}1ic level
in ,that f lsh co,rmuni ty..j'nre nass pap,rt a[lon .iirr Cnf f ecn L.l ,re i s sf interest ne

9lp*-!,egUq.e..!.L j^!j_ :po-(f _ll.she.rJ p-o-!.e_q!tal, bur als,; as a

sf interest nql

lJl,*ll-tllS..?-L..15..:tlo-(J!.-ll.s-ne.rJ p-o-!-e-0!t.ilt but 1J''lo q.t a",ri:[li.l:_0"t" g_1 1le
:!:,:..:1{.g.:llglt_lll:ll.-.tu!1g qr lower trqphiq tqyetr art, irr vrel .,r ii, set!,-stitus and general well-beinq of lower troohic le

surtai:l:Ll:tjlg -c-i[rait-!-i!yr -!-s. 9-n-j!9ie llor or t1e exLenL cf che,nica I ar,d rhernal
irnnacjlJtr-lhe laig."'"This tnv;iligliion was ,rnrtertate,t io evatrirc .ounrJl= tii.
filitori;mnomena or this species in Cof feen Lake. Sgrecif ic objec.( rvi?s were:
f ) to del ineate patterni of rnove'nenL\, ?-) tr) €sLi,nate nil'nerir:at .)';yntldnce, anrl

3) to quantif y f isherman erploitat ion of largenorrt.h b*rs.

i- -A l.otal of l,9BB larqemortth hass ) ?00 rnm total lenqi,h {range 200 },o 564 nrm TL!
were lrarked anrl releaserl in Cof fecn L.rke, 9.9i1 f rom l5 April ro 24 ,4.ry 1979 .trr,1

f ,000 fr:om 25 !.larch Lo 29 Apr'il lgB0. Al I specirnens w€re captrrrrrrJ by
electroshocking anrt markerl by f in cl ipping anrl tagging. Floy arrchor tarls (rrrorlel

F0-688), edclt emltossed with a code number anrt our laboratory phone nurnber (for
use try El)crt f ishermen in reporting their caLch to us), we,.,l irrsrlrIed obliqueiy
llatween thc internetrral rays of the spinous rlorsal fin in t.he 

'nanner 
rlescribed

by Dell ('!96fJ). 'ln 1979 all speclmens were also qiven a left pelvic f in clip.
ln i980, a right pelvic f in cl ip was rrserl on al I specimens captureri souUr of ilre
railroad cdusewdyr anrt a spinous tlorsal f in clip (f irst Lhrer: spirres) w.ts usr:rt

to mark tltose'captured north of Lhat lancJrnark. l4arked fislres,./ere r.rtleascrl
ranrlornly in rplation to the unmarkerJ populaLion. This was accompl isherl 5y
distribtrting col lecting ef forts throughout the lake dnd releasing each rn,rrked

f ish near i ts original capture s ite. Al I relr'dse anrl recdpturc locat ions wer.e

recorded on d scdled topographic map of Coffeen L.rkr:. ',4ovemcnts wqre ttcsiqnaturl
as eitherl shorL-term or long-tarrn basert rrpon the lerrqth of time elapsotl treL'*eerr

reledse dnd recapture. Short-term movements were those observert arnonq fish
t7 .2

,.: -',;,'--,* :l-;r:* i.,.r::i --:. , ' '. -,.-. ^, ., .,
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recaptured durlng thn'5anc season (sBring) in rhiclr thr?y wrrre rele,rirl. ionq-
term movernents were deterqlneC for f ishcs wllicir ware r.{t(,tiit.rir.r:{l rJr/rirrl ,i trtas*n
{fall'or spri'ng) lsllowing Ureir $pringLine rnlrr,lse. Disiancer r!ir,.uino,, rre r-€in
represent mlnimum straight-line estir4ates f rofn nr)inI lf rele,rsc lo prrr::'rt r:i
recapture r{ithin'the lake basin, '' !n order to relate'rnoveinrlnL'' patterrir to the
thermal characteristlcs of tne lake, all rnlrl,r5c anL, ''ec,]ptiire obgerv,lt.ir)ns,#r-.r-e
classified ns occurrinq in heaterJ, transitional, or arbjrrrL areas. 'fhese

:_

represented, respectively, the entire lake reach frorn tlre thernal 0uifall to
Stati0n 2 inclusive, the iake reach f rom Stat irtrr ? to Lhr: rai lroarl cairseway, dnd
tite lake reach north of the railroarl causeway (Fig. 13.1, Ser.tion !3, herein).

t :, 

:

Two popul al ion censuses were conducted to est irnate Ule nrrrner i;J I abuncjance of
largernouth bass >?00 mm total len.r;th ,in 1979 antl irr 1980, The following
ntathemat ical expression was rrsed (younqs and Robson t97rl) :

t

f,'
:l',r.'

l.
.:

l, '

t
il
t/ |

:.

iil ,

li:j

where: N =
m:

: c:
f=

l.{ = rnc/r

an. estirnatrt of thc total 'nuiltlcr of inrlivi<Jrrals in the potrulation
total nurnber of Inarked individuals irr the populaLion
Lotal number of indivirluols in the recapturtl'sarnple
total number of marked indivirJuals in',c'l

The recapture sample (c) for the 1979 estimate wds obtainecl by elecLroshocking
frorn l5 0ctober to 20 Novernlrer 1979. 0nly indivicluals ) 3S0 nrrn iL were inclrrrterJ
in order to el iminate recruitrnent due to growth during 1,.,, n*riorJ bel*eerr
release anct recapture. An average increase of 150 mrrt rturing LtraL perioii was
predictetJ for indivieluals that wer"e 200 mrn Tl- rlrrrinq 'Lhe spring of 1979.1 111e

recapture sample for the l9B0 esLimate was collecLed f rcn Zb i,larch La Z'l Apri I

lgBl anrl only inclucletJ indivirJuals >360 mrn TL basecJ uporl dn est irnated qrowlh
increment of 160 mrn for fish which were 200 mnr TL <Jurinq Lhe sprinq sf 1980.

lEstimate was baserl upon a I inear regression
,lota I I ength' at re I eise. The regreis i on i s
,'!dentlca'l to those shown in Fig.-lS.l0 (Sacr
:'(estimate used),, b = 0.51, r, ="0.94, ina-H-=
groring season was simi larly estimated.

of increase in length ( IL) on
not presentad herein, but it was
ion 15, hercin) r-'xcept a = 150
20, Growt h dur i ng Lire I gB0

I 7.,3
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Catches of tagoed ba$s reporterl by sport f islrermen /rpr':r r0(0r-drd alonq wilh rJJte
ot capturer cafrtur'e location, and trrtal numl)er cl f lsh kept .tnrtilcr rr:lea..iriJ. "
Al I reports were voluntary 0n the pdrt of the f islrerrnen dnd rlu r.n.aar<J wes

offered for the information.

RESULTS ANt) D ISCUSSIOII

ftlovement s

From l7 ApriI 1979,to ?.7 April lg8l a Lotal of ?-7g tagged larqernouilr bass were
recaptured. 0f that nr/mber, 154 vtere recaptured after only a short pericrl (l to
38 days) of liberty, and their displacements from original captrrre sites were
accordingly Cesignated as short -term rnovements. Al I were recapturerl cJuring the
same sedson (spring) in which they were releaserl and thus may partly reflect fhe'
influence of our taggirrg procedure on their subsequent movements; that is,
capture arrrt hanrtling of individuals for tagging purposes may have produced an
irregulilr movement response in some fish because of the mild Lrauna suffered
during the procedure. Such responses wouid bc rnost prorrounced soon after
release. Long-term movements representerl seasonal rJisplaccrnents sirrce al I

rec'aptures were obtainerl during 't:h. f al I or spring seasons fol lowing the
springtime release and thus were assumed to reflect little if.tny effect of the
tagging procedure. These long-term observationsr (N=l 25) were recortJed after a'
minimum of 141 da.ys had elapsed since the ciate of release and ranged up to 705
days after release.

Marked fishes recaptured after a short-term period of liberation harl traveled an

average distance of 1,325 meterslltat,te l7.l). The maxirnurn rlisplacernent ,

distance during that period was 6,969 rnet.ers, whictr i s approxirnatcly equivalent
to the distance from the point of thermal discharge to Station o (Fig. t3.1,
Section l3' herein). No atternpt. was matle to relate short-terrn movernents to
thermal characteristics of the release sites since our tagging efforts were' .::: ::
conducted in the discharge arrn firSt (early springJ anrl in the arnbient area last,
(mid-sprinq) which favored detection of long-distance movements by those
individuals tagged and released early in the season. _l1u:tll-q-_q.nrl*rarrqg_s-.of _,

movenlenls exhibited.by fish recaptured afle-r lgry;tej.{*"eqlig{s of.'tiberatio,.r u.n'
+-_
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hY t.alged larqemouLh bass in
e I apiort llet*br)rr re le,lse :artrJ

Al I observat ions r"tjrrrsent

Table 17.1. f'leans and ranges of distances tray,rled
Cof f een Lake. Sample s lze (fi) and rJays
recapture (mean and range) are gjven;
short-terrn rnovemenf g (sec text ) ,

il-
Days el ipre.d

mean : range
Di stancg trave I ed* (nre.ter:l

mean r anqe

154t t6 1-38 1325 0-6969

''.: ::i;...

17.5
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presented in table 17,2, llegl.Sgyu*ent distanccs diql noL rlif f cr beL,{een qroilps
of. i1-0.!.v"!Qa-l_l11e.le-ts_srl*..h.I.eAted_ g.f,cll-gglnpaled !o transiLion.rl 

'ar:eas 
(,L,fr,?5,

P>0'50)' 
?_Y_t--1j-l9llljcg1tl{-s!g-a-t-el lyeTto lljtplacement rrom he.ircd r0rrr,rsp

t_i!g:^ n:_1lq!qgteo !n -compqlilgn.lit.h ambienr rclease sires (r=3,4c, p(0.0t ),
Ihe fluctuatinq and occasionar ry oitiu*u ternperature cycle which is
characteristic of the heated iocation may in part contribute to a greater
between-season displacement arrxlng bass since power plant 0perdtion practices
could contribute to cortsiderable between-season variabi l.ity in water-
temperaturesr a factor which wouldldemancl relocation of fishes inl'extrerne cases.

''The temperature cycle of the ambient area of Coffeen Lake woulrJ be expected to
be more stable anct preclictable irr the sens0 that only atrrrospheric events
contribute to the ternperature variability; that area thus r-epresents the type of
therrnal regime that northern largemouilr bass have adapLed to,

0istances traveled by markec fishes were not related to either size at release
or to number of rlays at Iiberty as judgerl by a lack of correlation betwecn those
variables and respective displacement distances (Table | /.3). Anong those
fjshes recapturerl durinq tlte f alt oi spring sr:asons fol lowinq their release
( long-terrn movernent s ) , -a tend^g1.9-yJ-q_re$_a_L!. _tdllhl_n .a- feS_tr j c*ted__areas_-was - -
s-L99ested by th9.-lr !9[ lt99ye.l9t.gf-r-e-c-op-t.ures wf'r.ic.h oc9-u.r1.grl ,1t or rrear olig inal

1-1]991e---s-ifes. Approximately 60% of long-term recaptures were found wiilrin 
-

l-,OOO meters of their oriqinal release sit.es and over half of that nurnber were
found within 200 meters of that location (Fig. l7,l). Displacement' distances
progressively decreased in frequency up to,r nlaxjrnurn of 6,?.46 rneters which was
the greatest displacement observed hy an jndivirlual aiter a long-terrn period cf
Iiberation. ' :'

Cr:ossing of the main lake channel by largernouth bass was cgmm6rrly observed
among both short-term and long-tenn groups; those crossings were detected in 29[
and':36%, respectively, of the total number of observat jons. passage.s ilrrough
the railroad causeway culverts were 51 ancl 9,{ for the short-terrn and long-terrn
gr:oups, respectively, with north to south and'south to north movements about
evenly distributed.:. The majority of. those movements were observetl arnonq

individuals original ly captured' and released near the structure.
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