U the comblned assessment of welght and. flequency of occurrence. Diversity
"lg lndlces, as descrlbed by Mathur. (1977}, were calculated foreach datasel using

‘:;'latter more predominant at ambient sités. Chironomids and other aquatic 1nsects

all 1dent1f1able foad categorlns The fulluns< 1ndex was def:ned as LhL welght S

Soeitmm e arsn e i rmn e

f, of stomﬁ;hccontents {mg).. glvtded by the welght of tnat flsh (q

g

,'Thhee,samoling:anomalles $hould be noted. First, collections made during dune,"
- duly, and August 1979 were accidentally discarded; therefore, new collections
riwereemade during those months in 1980. Second, blueglll collected in July and ;S%%

- o e P

" Augdst lggg“gggg_ggt taken-from-the” aree of Station 1, as no fish could be found:

o e et i e

“there at that time. - The collectlons were taken- from areas -near Statlon 1.5 (see n
N

——— S

Fig. 1.2, hereln) Thirdy during January 1979, the ambient station was
lce:covered and no collectlon:could be made,
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_RESULTS
- Food Composition and'Contrasts Between Stations}

;f Food hablts_gf bluegAlls collected from heated and ambient. areas of Coffeen Lale J%
f dlg_,QLNBDQﬁ__lﬁllglgﬂ}gﬂ!!Lglé_lml]ar (Tables 8.1 and 8.2 and Appendlx 8. l‘

s Oifferences in gastropod and bryozoan untilization were most pronounced, the

; former belng more predominant in stomachs of fish from heated areas and the

- appeared to be.more prevalent in stomachs from the ambient location; the
';i differences in utilization apparently reflected 'similar differences in abundance)}
= 0f ‘those spec1f1c food resources (Section 7, herein). Another dlstlnctlon :

7" between the two areas was the greater reliance of bluegill from the heated :
’Vostatlgg~ggwgmant matenlgl’apd algae food items. of nearly equal lmportance at
L EEIB heated and ambient statlons included tevrestrlal arthropods '

\f\,,__

;: Dlver51ty values were calculated to provide a qualltatlve assessment of feedlng -

f”;at healed and ambient locations. (lable 8.3). Those values demonstrated that the

dlet of bluegllls from the amblent statlon were. con51stently more dlverse, only =
irdurlng October and November l978 were dlver51ty values hlgher at ‘the heated
ifstatlon.;, ' : -

8.3




—,Table 8 1. Lompos1tlon of the diet of 108 bluegi\|s collecLed from the heated
;, : station of Coffeen Lake, October 1978-August 1980.

listed- in order of decreasing importance according to their index
_ Mean total length was 126 mm, ranqge 90-

of. 51gnf1cance value,

food items. are

154 mm.
- ' index of rercent Percent frequency
~ Food item significance weight of occurrerce
 Unidentified organic matter §5.2 35.8 85
* Plant material 313.8 16.3 70
 Terrestrial Arthropoda 2.8 14.0 77
Gastropoda 6.8 13.5 21
Inorganic matter ': 13.0 5.3° 32
- Algae 12.3 6.6 .23
Chfroﬁbmidae' 11.7 ; 2.0 {;651
: M{crocrustaceans 7.6 1.1 52
= Other aquatic insecté 7.5 1.4 | éb '
: Fishreggé 6.3 2.5 fib
Fish scales 2.6 0.3 Zéz
Bryozoa 1.3 - 0.3 | 6
i' Astaqidaéi 1.2 0.7 2
- Oligochaeia -0.09 0.002

%
]

e L e e e L L L ‘ - N - e




-of :signfica
“151 mm.

~Table 8.2. Composition of the diet of 110 bluegills collected from the ambient '

: “station of Coffeen Lake, October 1978-Auqust -1980.
listed -in order of decreasing importance according to their iriex

nce value. Mean total length was 126 mm, range 91- -

Food items are

Index-of

Percenl

,lOIfgochaeté

—iAstacidae:

A Percent frequéncy:
Foqd item _significance weight of occurrence

}Unideniifiéd organic matter 54,0 32.8 89

V'Terre§t?ia} Ar thropoda 34.7 18.8 64

Plant material ,_ 23.8 14.5 39

_Chironomidae 19.6 5.2 74
‘Other aquatic insects 12.9 3.6 46
Bryozoa 12.1 9.1

“Fish eqggs 9.1 5.5

 Micro¢fustaceahs 7{1 1o

Algae 5.4 a5 9

_ Fish scales a7 1.5 15

 Gastropoda 3.8 1.8 8

- Inorganic matter 2.8 6 5




Table 8 3. Monthly divers1ty (D) of - the diet values at
R heated and ambient stations 1n Coffeen Lake

7 Diversity (D)Ew
Date Heated — - Aroient

g | 193 . 0.56

~Jan. ‘979 P i 1.18 : N

Mar. 1979 1.28 185

'May,197§ 2.46

. Sept. . - 1.84

"';aJune 1980 3 2.08
July 1980 2.7 277

‘Aug: 1980 L9 208

*no collection, ice covered




Seasonal Variations in Diet

During November and January, utilization of terrestiial arthropods by bibegilfs
CWas . very ]ow at both the heated and=amb1ent stations; in the absence of “that
food resource the percent composrt\on of - m1crocru>taccans and plant maeertdl
1ncreased sharply (Fig. 8.1 and Appendix 8.1). In spring, (March and May) Fish:
eggs became the pr1nciba1 food item at both the heated and ambient stations,
Fish'eggs appeared in the diet in March at the heated station but were not foundrf
until May at the ambient station.. Bryozoa became‘a'bredominant food item
baginning in May and became- increasingly 1mportant throughout June and July at
the ambient station (Appendix 8.1). During the summer months (June, July,
August) temperatures at the heated station (Appendix 3.3, herein) cften ex{:eedcﬂifi
the:Upper avoidance temﬁerature (33°C) of bluegill (Beitinger and. Magnuson '
1979). During this time gastropods became the predominant food item of
bluegills from the heated station, but werc much less 1mportant,at the ambient
station. Principal food items at_the ambient station during the summer months
were chironomids and bryozoans. Dur1ng August, utilization of gaetropods
ch1ronom1ds and bryozoans all decreased sharply and were rep]aced by terrestrial
arthropods and plant materia) at both stations (Appendix 8.1). In the autumn
(September and October), the diet was similar to that found in Auqust as
terrestrial akthropods and plant material were the predominant food items.
However gastrupods and bryozoans were nearly absent from the diet during
autumn.

Feeding Intensity

Empty stomachs were uncommon in this study as 1.0 and 4.5 percent of the
stomachs from the heated and amb1ent statlons, respectively, were empty. To
'further 1nvestlgate d1fferent1a1 feeding rates at the two stations, a fullness
‘1ndex was determined for each specimen and monthly means were .tested uslng an
Approx1mate t-test (Parker 1979) . Stomachs of bluegill from the heated station

ke 412

conta1ned significantly (P<0. 05) more food by we1ght during March “and June, hut

s e e

ﬂghere was no statlstlca1 dlfference between stations for the other six months.

8.7




PERCENT WEIGHT

ocTt

NOV  JAN  MAR  MAY

ng.zﬂ.l - Seasonal fluctuat1ons in ut1]1zat10n of se]ected major food items o
i e -+ (especially depicting” chanqes during-wintertime cond1t1ons\, of -
i blueg1]ls from the heated area of Coffeen Lake. :




DISCUSSIUN ,

1,181ue911\s from both heated and amb1ent areas of Coffeen Lake consumed
*fsubstant1al quantltlec of terrestrial arthropods. However, that does not

n '{;ﬁnecessar11y imply that bluegills were utilizing that resource because .
I ':‘ a:utochthon'ous foods were scarce. Several factors may have contributed to the - .
';f{extens1ve use.of terrestrial arthropods as food by bluegill. First, oxerhangwng"
"'lgforest vegetat1on dominates the Coffeen Lake shoreline and thus provides an

s  fnterface between aquatic and terrestrial ecosy?tems Second, the feeding
';ﬂffbehav1or and morphologlcal adaptations of bluegills (Keast and debb 1966)
':z'augment that fish's potential for capturing those types of prey. Thlrd the
’:;'opportunlstlc nature by which the bluegill feeds suggests that the most abundantf{,
'"fand accessible food resources-are readily exploited.. For 1nstanee, bluegills

;";examined in this study from the September collections contained enormous
. quantities of aphids, almost to the exclusion of a)l other food items.

-Food habits of bluegills from Lake Sangchris (Sule et al. 1981), a cooling lake
' “'in nearby Christian and Sangamon counties, diffefedrfrom that of bluegills

= examined in this study. Bluegills from Lake Sangchris relied more heavily upon™
1 microcrustaceahs, chironomids, -and other aquatic?arthropods b]uegi!Ts, whereas
’lvffbluegills from Coffeen Lake exhibited a much greater preference for terrestrial

_ ixérthropods.h'in‘addition, gastrbpods, bryozoans, and fish eggs, all important
yeeFCOmponents of the diet of Coffeen Lake bluegills, were not found in stomachs'of;'f
~_ 'bluegill from Lake Sangchris. Bryozoans have been considered to be of little .
!fffelative importance in the diet of freshwater fiéhes~ however, Applegate (1978)
'f:found them to be a predominant Summer food item of bluegills in:Bull Shoals L
:i{Reserv01r

jf,.ierfferentlal feedxng 1nten51ty of bluegills has ‘heen investigated in a cursory -
riifmanner in other coollng lakes.: Sarker (1977) and Sule et al. (1981) found that ;,
f}the percentage of empty stomachs was lower in samples taken from heated , 7,,
'“locat1ons as opposed to ambient locations. That same trend held true for thisr?if
i&&éstigatidn " Both Sarker (1977) and Sule et al. (1981) suggested ‘that
bluegllls 1n heated waters fed more frequent]y because of higher digestive and
3 :lHowever, mean. Fullness Ind1ces calculated for this study were
e 8.9 '




- significantly higher (P<0.05) at the heated station for only two of eight
o collection dates. T s :

) DA tal
of Station 1.~ }n addition, the major component of the 11ttoral benthlc
community, oligochaetes, was rarely utilized as .ood by bluegills, Thus,
bluegilis from the heated station necessarily shifted to other food resources,
some of wh1ch have been reported to be of limited: va]ue, i.e., alqae (Kitchell
and Windell 1970) Beitinger ‘and Fitzpatrick (1979) stated that b]uegllls in
natural populatlons are often food limited and fish under such constraints can
reduce maintenance metabolic costs by seeking lower water temperatures.

( However. in Coffeen Lake, intra- and interspecific competition for food and

( space is probab]y SO severe that many fish were unable to gccupy preferred
temperature regimes. Multvple factors acting synergistically probably.

Qontrlbuted to the stunted cond1t1on of b]ueg1lls (Section 15, herein) in
Coffeen Lake.- _ However, two of. the more lmportant factors l\m1t1nq the growth
e

and affectlng the body condltlon of Coffeen Lake bluegllls were qu alluz and
quantity of the daily ration and acce]erated rates of maintenance metabo}1sm
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SECTION 9

FOOD HABITS OF FIRST YEAR LARGEMOUTH BASS FROM HEATED |
AND AMBIENT AREAS OF COFFEEN LAKE

by

Dennis L. Newnan and Lance G. Perry

ABSTRACT

Stomachs of 90 young-of -the-year largemouth bass, collected monthly from June
through September in Coffeen Lake, were examined for food content. First year
bass were primarily insectivorous during the month of June but transference to
piscivory was completed by July. The data suggested that a piscivorous diet
commenced at about 70 mm for most individuals and Dorosoma sp. were preferred
over other species as prey. Specimens collected from the heated area in
September had apparently only consumed insects, whereas those collected from
amhient locations on that date exhibited a more typical piscivorous diet. Food
competition between first-year bass and bluegills is probably negligible in -
Coffeen Lake since piscivory becomes the predominant feeding strategy early in
life for bass while bluegills retain an insectivorous habit throughout life.




lNTRODUCTIQN

The suvtabxllty of an aquatwc hab1tat for surv1val and growth of fishes is

: ”*largely dependent upon the quant\ty and accessability . of suitahble food \tems

: Thls dependency is most pronounced dur\nq periods of transition-to exogenous
vfeed1ng, and, for piscivorous species, durtng the transmtxon from the
1nsect1vorous to the piscivorous feeding mode. Growth of largemouth bass in _
'Coffeen Lake is known to be quite rapid once a_length of 200 mm is reached 2
(Secf'on 15, herein), but the growth rate, and thus feeding success, of smaller
individuals was uncertain. A high density of sma]l sunflshes (Lepom1s spp ) in

e e bt it e o = AR

Coffeen Lake, 1nc1ud1nginumerous stunted b]uegllls, _Suggested that CQmpetltlon

for l1ttoral invertebrat exert some constraints gn growth of fishes"
ut1]1z1ng that resource. " Since young 1argemouth bass and bluegills commonly
inhabit shallow, near- shore Tittoral areas, an investigation was conducted to
1dent1fy and quant1fy food items ut1llzed by-bass during their flrst ~year of

life and to ~compare their feed1ng hab1ts with those of bluegx]]s in Coffeen
Lake

MATERLALS AND METHODS

Ten to twelve young-of -the-year Iargemouth bass were col]ected from heated and
amblent areas of Coffeen Lake (Sect1on 13 hereln) by electroshock1ng at monthly
intervals from -June through September Al col]ect1ng efforts were conducted at
mid- day Specimens were placed on: 1ce 1n the field, we1ghed measured, and
vstored in 10% formalin until ana]yzed ‘Stomach contents were removed and
weighed to the nearest 0.1 mg while st1ll moist and sorted into cateqor1es under
Va dissecting stereomlcroscope Percent: frequency of occurrence and percent
;lifwe1gnt (w1nde11 and Bowen 1978) were ca]culated for each food category.




RESULTS AND 01 smss [N

"Stomach contents of 90 young _of ~the- -year lavgcmauth bass were examined.
Pr\nc1pa1 food 1tﬂms included fish (ngg@lg Spp. and Borosoma sp,), qquat‘C'
'anthropods (px1mar11y chironomids and }ygooterén§3 and'terrestrial'artﬁropoﬁs o
The diet of first year bass in Coffeen Lake shmfted from m1crocrustaceans and
_aquatlc arthropods to-an almost total rPllance on t\sh as bass 1ncreased in
‘}ength.,fYoung largemouth bass apparently prgferred Qprosoma Sp; rathe._than
Lepomis sbp _as prey as evidenced by an overatl greaterffrequency of. océurrence
and greater percentage weight of the former. However, Lepom1s spp.- larvae wereﬁi
col]ected in greater numbers than Qgggipma larvae in Coffeen Lake and they were |
vtfound to be more. concentratpd in near- shore areas (Section 10, herexn) f
~suggesting a greater availability as prey. Nonetheless, it appears that younq f
‘bass in Coffeen Lake avoided Lepomis spp. and selected Dorosoma_as the pt1nc1pa[
 pr9y f)sh In West Point Reservoir, A]abama young largemouth bass -also avoided
,blueg1lls, but as length of bass 1ncred9nd blueqllls were consumed wlth no.
,szleft1on or. avoidance (Timmons et al. -1980).
First year,bass from the June collection were primarily,insectivordus. Stomachs
from‘the ambient'station contained chironamids, other aquatic arthropods, and
m1cr0urustaceans (Table 9.1). The diet of bass from hedted areas was slightly
“more diverse ‘and one f1sh had- begun to prey on fxsh _Jtomach contents of
'ib1uaq111 collected durlng June revealed only a sllght overiap in food jtems -
;betweun ‘the two spec1es Blgﬁglll frﬁf~2h9 heated station consumed mainly
,_terigggglgl_grthropods and gastropods, while b\ueg1ll from- ambwLng areas fed
>pr1nc1pa11y upon. ﬂ_yozoans and QJJrQnQ_ E

;By the time’the,JuIy,samp1e of young bass'was collected, the transfer to ‘
fﬁiScivqry was complete. Excépt for two specimens, fish were found in every .
ffstOMaéH:which contained food (Table 9.2). Fish compriSLd 97 and 98 percent. of
z:g’?the ‘total w91ght of food 1tems ats heated and amb1ent stat1ons, respectively.. It
a?ﬁappeared that the pwscvvorous diet commenced at approximately 70mm total ]ength'

B f?1n Coffeen Lake and that fish immediately- hecame the dominant food resources
L Largemouth bass: from Lake Sangchr1s beqan consum1ng fish at 80.mm total 1enqth ,

9.3




but/f’i"nfsec‘;ts remained . the prihéi'bal food item uniil 140mm total length (Sule et
| %2 al. 1980). In Pickwick Reservoir, Tennessee, first year argemouth bass hegan

'Tr:rpreysﬁq upon fish at 20-39mm (Narden and Hube:t 1980}, but the shifl to
plscxvory was-more gradual in that \ake than it was in: Coffeen l.ake,

"'”,The d]et of young bass collected in August was essent1a11y unchanged from that
oof Ju]y, Dorosoma sp.-and unydentl.led fish compr1sed the bulk of the diet

o (Tab]e 9.3). The food of bass from the September collection differed siight]yit
from'previOUS'months;‘however' Dorosoma and unidentified fish remained the .
predomlnant food 1tems at the ambient station, but young hass from the heated
' staflon consumed no flSh and fed pr‘mar11y upon terrestr\al arthropods (Taole
'9 4) " Such an interruption 1n piscivorous feedlng is unusual as ev1denced by
;ﬂ other 1nve>tlgatlons (Popova 1957, Timmons et ‘al 1980) and may have oeen a ,
tempoyary and Tocalized occurrence in Coffeen Lake. Nonetheless, the t1m1ng of

the 1nterrupt1on suggests that the susta1ned hrgh summert1me water temperatures

e e e e o b s o A A

in the heated .area of the lake may have 1nf]uenred pxey f1sh dlstrlhutlon and

rrent. emei——s

abundance eIther d1rect]y through an avoidance of the high temperatures, or

DO ke A
1nd1rect1y through a lack of sufficient cover or forage dtems. A relatively low

condition of young bass from heated areas was found 1n fal] samples (Section 15,
“herein) and probaoly reflects the 11m1ted prey-‘1sh ava1]ab111ty at that time -

and locat1on

Althouqh young bass dnd bluegills typically conqreqete in littoral areas durlnq
the growing season (Keast and Webb 1966, Sect1on 13, here1n), food competition
between the two species is apparently neg]1glh1e in Coffeen Lake because of the
i early. transfer to piscivory among bass while bluegills retain a primarily
o lnsectlvorous feeding strategy throughout life (Section 8, herein). In
"addltton, the rapid growth rate of first year has ;s (Section 15, herein) implies _

s

/e

b

~that' feeding ynam1cs are not critical factors 11m1t1ng the success of - the
popu]atuon ' : ' '

,______-—....-.
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Table 9.1. Food of young—of -the-year largemouth bass from heated and
.~ ambient areas of Coffeen Lake, June 1980, Sample size is
given in parentheses. Mean TL = 48nm and 36mm for heated and
ambient, respectively. :

Heated 12) ;_ﬂAmpmgn} (lll

o Percent frequency ¥~ Percent frequency
Food Item - of occurrence - " Wt of occurrence - WL,
Microcrustaceans 58 5.0 9 S s e
~ Chironomidae 75 5.2 o9 32
Other Aquatic a2 24.5 45 286
Arthropods R ' 7
Terrestrial : 8 0.5 0 0
Arthropods 3 : i 7
Plant material 8 1.9 0 o
Fish i
Lepomis spp. 8 58.0 0 0
: Unldentlfved 58 4.9 18 1.5
organvc matter :
' 100.0 100.0
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Table 9.2.

food of young-of -the-year Yargemoulh bass from neated and
. ambient areas of Coffeen Lake, July 1980G. Mean TL = 83nn and
i ~74mm for heated and ambient areas, rESDLr{lvP’v Sample size
B is given in panenthese= .
- Heated (10) Ambient {10)
Percent frequency Percent frequency %
~Food Item of occurrence Wt. of occurrence wt.
~ Chironomidae 0 0 N 0.2
Other aquatic 0 0 33 0.6
- arthropods
R 6
“- Fish
- Lepomis spp. 0 0 1B 2.0
. Dorosoma sp. 33 40.4 1 42.4
, Uniaenf¥f1ed © 78 56.7 78 53.9
,"Unldentlfued 78 2.9 1 0.2
“organic matter ;
}1In0rgan|c matter 0 0 2? 0.8
' 100.0 , 100.0




Table 9.3, Food of jOung-of the-year 1argemﬂu!h bass from heated and
S - ambient areas of (offeen Lake, Augusti 1980, Mean TL = 107w+
and 127w for hedated and ambhient areas, rpspectsve3y Sample

s{ze is given 1n parentheses.

T o -~ -

TS e e e e it e N S w2 < W DA A o ekt e iy i e

Heated (11) ____Ambient (12)
- : Percent Trequency 4 Percent Trequency ¥
Food- Item - ' of occurrence - Wi, of occurrence Wi,
(her aquatic 22 0 8 : 0.2
.arthropods- , o
- Fish , L 7 -
Dorosoma sp, , 0 0 -117 : 65.4
UnTdent ¥ ied 33 98,0 58 ' 313
Unidentified 55 1.0 7 0

~ organic matter

100.0°

BTG 0 e i e e 0 e il et S 2 1 0t 1




Table 9.4, Food of young-of-the-year Yargemouth bass from heated and
o - ambient areas of Coffeen Lake, September 1980, Mean TL =
126mm and 124mm for heated and ambient areas, respectrvel/.

Sample size fs given in parenthpsps

o Heated (12) ~_ Ambient (12) .
: o Percent Trequency 4 Percent frequency '
-Food Item ' of occurrence  We. o of‘occurrence Wt.
Other Taquatic 33 : 1.2 22 : 0.2
~ drthropods - ' : ' : : o
Terrestrial 8 85.5 M o
arthropods ' -
Fish : , ,
Lepomis spp. 0- -0 1 22.0
Dorosoma sp. 0 0 22 : 57.6
Unidentified -0 i'0.0:'i“ 44 20.1
Unidentified 1 , 33 0 0
organic matter - , S : : 3 ’
100.0 : 100.0

et b o e i e i i b2 Y it s A o . b e ol ek ik it o A e e S 4 o e S A8t e 78 e i e koot T

9.8




LiT?RRIﬁRE CITED

éxeast A, and 1. Webb. 1966, Mouth and body form relative to feeding ecology

.in the xish fauna of 3 small lake, lake Op!nlCOH, Ontario. J. Fish. Res,.
“Bd. Can, 23: 1845 -1837. - : a

f?opova 0 A 1967 ‘The predator- prey relationshlp among fish. pagts 3J9 376
- in 5. D, Gerking, ed. The biological basis of freshwater fish productlon
Blackwell Scientific Publications, Oxford, England.

vSule M. J., J. M. McNurney and D. R, Halfte!d 1981.  Food hahtts of some

: “common flshes from heated and amhient areas of Lake Sangchris, In R.
Larimore and J, A, Tranquilli (eds.) The Lake Sangchris Study case hlstory
9f an [NTinois cooling 1ake, Bul\ nt. Nat Hist, Surv. 32.°

“Timmons, T. J., W: J. Shelton and N D. Davies. 1980. D\ffcrentxal growth of

larqemouth bass in West Point Reservo1r, Alabama-Georgia.  Trans. Am, Flsh
Soc 109: 176 186.: : -

Warden,’ R L.y Jdri and W, A Huhert 1980, Comparat\ve life hmsto:y of :
young-of—year smallmouth and largemouth bass in Plckw1ck Resrv01r g
~Tenn, Acad. Sc1 586: %o 60.. b : '

rwindell J. I and S, H, Bowen 1978 'Methods for study of fish diets hased on
~analysis of stomach contents. . In T. Bagenal {ed.) Methods for Assessment
- of Fish Production in Fresh Hater pp. 219,226, third edition, Blackwell
Scxent1f1r Publxcations Oxford, England. . :



: SECTION 10 ,
 DISTRIBUTIONAL ECOLOGY AND RELATIVE ABUNDANCE OF [ CHTHYOPLANK TON
Dennis L. Mewnar

'ABSTRACI

<A quantwtatlve 1chthyoplankton study was conducted during the spring and sumner
of - 1980. The general objective was to detprmtne spatio-temporal variations in
relative abundance of larval fishes in order to- more thoroughly assess the
potent1a] impact of entrainment. During the rouree of the study 89,563 larva1
71f1shes were collected faur taxonomic groups were represented - Lepomis spp.
-(67.9%), Dorosoma cepedianum (31.8%), Pomoxis annularis (0. 2%), and Cyprlnus'
,'carpio'(two spec1mens) Statlstlcalltreatment of data indicated. that. dens1tles
—of’ Lepomls spp and Dorosoma"Tﬁrvapuin the intake area were not s1gn1f1cantly

: d1fferent from ‘densities collected at "non -intake" stat1ons of similar thermal
- regime, thereby demonstratung that tht Coffeen Power Station intake area was not

e e s
il

-an_area of high ootentlal 1mpact for these _species.. A conclusion of sxmtlar'\)

= R T e e e e i o

r1mportance was that the ambient area of Coffeen Lake (an area far removed from
Vthe cool1ng water 1ntake) supported 51gn1f1cant1y higher densvtlos of Lepomis.

- Spp., Dorosoma, and Pomoxis larvae and therefore should be considered a maJor
7'f1sh nursery area.. The spat1a1 dlstrlbutlon of larval fishes was aggarent]

e vt

affected by the thermal gradwent in th1s lakgwas_deQSJtles of. larydg Ancre ased

#f

with increased dlstance from the ‘thermal discharge. Spawn1ng of Lepomis Spp.

agauﬁa;osoma was ‘also afngEEd by thgwfhermal 1nput the 1n1t1atlon of spawning
"began first at the heated stations; the peak spawn occurred at the same time in
Q'both heated and ambient 1ocat1ons, but the duration of spawn1ng wWas more abrupt

' at the heated statlons
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'INTRODUCTXON

Asse551ng the. ecologlca] 1mpact of" entralnment Josses on fxsh communities has ,
proven a difficult task, prlmar1]y because of 1ntrinsxcally large varlab111ty in
year-class strength and stock recruitment (Voigtlander 1980).. One common '
approach has been to estvmate the number ‘of adults which would have resu}ted
from the entra1ned Jarvae (Goodyear 1978). However, it was belleved more :
important to 1nvestlgate the relative abundance of larval llfe stages Thus, by
compar1ng larval densities lakewlde we were ahle to determ1ne the relative :
i "b1ologlca1 product1v1ty“'(EPA 1979) of the coollng water intake area.

Qoantitative iChthyoplankton surveys have previously been employed for
assessment of a number of ecolog1ca1 problems such as determining speCIesr
d1str1but1ons (Storck et al. 1978), predicting yeax-class strength (}hmpel

1973), pred1ct1ng entrainment losses (Cloutman and Edwards ]977) and estimating
larval f1sh populat1on densities in Iakes (Forney 1975)- ' b

The genera] ob3ect1ve of this study was to determ1ne spatio- temporal var1atlons g
in abundance and species composition of the larval fish community in Coffeen
Lake. 'Specifically, we attempted to assess the. impact: of entralnment 1osses
compare ichthyoplankton den51t1es in the 1ntake and non-intake areas, and to
delineate locations in the 1ake which may have served as nursery areas,

Secondary obgect1ves were to examine the synchrony of . cafches for each
population to determine if spawn1nq times varied hetween samp11ng sites and to
pdetermlne if the d1str1but10n of 1chthyop]ankton was related to the thermal
gradient. : '

e




METHODS AND MATERIALS

,flchthyoplankton collections were made at 7 day intervals during daylight hours
= from 27 March to .20 August 1980, Collection sites for Lhis investigation did
1_not necessartly coxrespond to those selected as major sampling stations for
other Coffeen Lake studies (see Section I, here1n) Rahhnv, stations for this
rglnvestlgatlon were selected in order to sample diverse habitat types throughout
“the therma) grad1ent and as compllmentary collections to the entrainment “study.
: Descrlption of sampllng sites with respect to heated and ambient areas, depths

~-and habitats is- 1nc1uded in Tahle 10 1, - and sampllng sites are depicted in Fig.
210400, ' :

~ Larval fisheé'were collected with paired side-towed beam nets -as described by
_Graser (1977). With this'sampling system no net bridles are used and “the
depressor is.in the same vertical plane as the net opening;-hoth of these
:de51gns are important in reducing net avo1dance by fish. The nets were 0.5m in
~ diameter (mesh 51ze = 0.500 mm) and net length was 2.5 m, Elevation of the-
horizontal towing‘bar 1.75 m above the water surface, facilitated washing of
o the hets which was completed after each tow. The cod ends were eonstrueted
from 7.62 cm diameter rigid po]yv1ny1chlor1de (PVC) pipe; the anterior ends were
,'threaded, allowing the buckets to be easily removed.  General Oceanics model
5'2030 f]owmeters were mounted in the mouths of - each net sa that :the volume of
- water flltered was determined after each tow.

z,Becauée Graser (1977) reported a prOgreSsive 1055 of filtration efficiency at

" water veloeities Tess than 1.0 m/sec, and Miller (1973)’experienced specimen
;_damage at speeds greater than 1.34 m/sec, boat speed was-held at 1.10 m/sec

5 during a]l tows. Consistent boat speed was accomplished using a General

~ Oceanics model 2031 flowmeter lowered from the bqw in conjunction with a General

~Oceanics model 2035 flbwmeter readout, positioned'in view of the boat driver.

- §vSamples were preserved in 10% forma]tn, returned to the laboratory, sovted and -
fstored in 5% formalin. Larvae were-identified according to Hogue- et al (1976)
'5and enumerated.r Polarlzed stereomlcroscopy was utxl\zed for v1ew1ng specxmens

10.3




Table 10,1,

_The depth;'durat10n, habjtat type, and thermal characteristic of each
sampling site in Coffeen Lake during the spring and summer of 1980.

. Sampling

major tributary

- Ambient

, : LA Tharmal - “-Total
Sites = Depth Habitat Type Characteristics “Duration

1 Surface Shallow cove -~ Heated, discharge arm 3 'min

2 Surface Mid-lake Heated, discharge arm 3 min

3 2 meters Mid-1ake ‘Heated, discharge arm 3 min

4 - Surface Intake cove ~Jdransitional 3 min

5 2 meters Intake cove “Transitional o3 min '

6 Surface Intake cove “ Transitional 3 min

7 5 meters Intake cove “Transitional 3 min

8. Oblique Intake cove “Transitional = 5 min

T (5m & up) o o '

9  Surface Mid-1ake - Ambient 3 min
10 2 meters Mid-1ake ~ Ambient 3 min
11 Surface - Shallaw cove _-Ambient 3 min
12 Surface Mid-lake “Heated 3 min
13 2 meters Mid-1ake Heated 3 min
14 Surface ~  Shoreline ~ " Heated “3min

3 e 4 (1arge cove) S
15 . Surface Shallow shoreline - Transitional 3 min
16 Surface Mid-1ake . Transitional 3 min
A7 Surface Shallow cove - Transitional - 3 min
18 Surface Shallow shoreline '

- 3min
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: _Catch rates were expressed as numbers of )arvae par 10 m3 of water sampled.
",Thoée data were subsequently transformed to togarithms in order to achicve homo-
 geneity of variances. Due to the presence of zero values in the catch data, .one
V;Unit was added to all data before transformation. Analysis of variance,
~Duncan's multiple range test and selected station comparisons were performed
'uéing the General Linear Models (GLM) procndurp of the Statistical Analysis
;Systém (SAS) (Goodnight 1979). Two-way analyses of variance were performed for
'eachrof three genera, Lepomis, Dorosoma, and Pomoxis; main effects were weeks

and stations. For those analyses the 18 sampling stations were grouped into
Lhree lake temperature zones or areas; they were heated, transitional, and
ambient, as defined in Table 10.1.

RESHULTS AND DISCUSSION

Ichthyoplankton sampling began 27 March 1980 but the first larvae were not col-
",,1ected until 23 April. Larval fishes were taken in each sdbsequent weekly col-
lection through 20 August when sampling was terminated. During the course of
the study 89,563 larval fishes were collected; representing four taxonomic
- groups. Lepomis spp., which included four species (blueﬁill, green sunfish,

' longear sunfish, and orangespotted sunfish) and their hybrids accounted for
60,855 larvae or 67.9% of the total catch. This represents an extraordinary -
j'number of Lepomis larvae when compared to other larval fish studies conducted in

central Illinois (Storck et al. 1978, Bergmann 1981). Gizzard shad, Dorosoma
cepedianum, larvae accounted for 28,487 specimens or 31.8% of the total catch.
“dhite crappie, Pomoxis annularis, larvae were rather uncommon, as only 219
specimens (0.2% of the total catch) were collected. Lastly, two carp, Cyprinus =~
carpio, larvae were also collected. §1nce»rgproddct1ve success of carp.in -
Coffeen Lake_has been_reported to be l1m1ted (ngfjonwls, herein); Tow catches
,Qf_£§_2_1~£1ae_wenewexpected. Largemouth bass larvae were not collected during'
this study, even though'six sampling sites were located in shallow coves or near

i however, because of their diurnal behavioral responses (E1liott 1976). Furtner 
g _ana]yses and discussion will 1nc1ude only the three most commonly collected
genera, Lepomls, Dorosoma, and Pomox1s.

: shoreline areas where bass typically congregate. Bass are difficult to co]lect o




“;;lepomisgépp.

};iLepomis spp larvae were fwrst captured on 23 Aprwl in the thermally-alt tered
*f;port1ons of the lake but not until 21-May in the ambient areas. Su:face water
5temperatures on the dates of first capture ranged from 21.1 to 22.8°C. Lepomis
‘ffspp densities were highest on 4 June, when mean lakewide density equaled 283. 9
- larvae/ 10 m3. Densities subsequently decreased until 30 July when a second
f';smaller peak occurred (Table 10.2). Kindschi et al. (1979) collected Lepom\s
' ifspp larvae in Rough River Lake, Kentucky from 30 May to 25 August, with a
'ef maximum density of 24.0 larvae/10 m3 reported on 11 July. Bergmann (1981)
'Jg”reported peak catches of Lepomis spp. on 10 June in the discharge arm and 17
ej:June in the intake arm of Lake Sangchr1s, Ilinois.

viéfana1y51s of variance for densities of larval Lepomis spp. (Tab]e 10.3).

a;] 7'Duncan 's multiple range test demonstrated that mean dﬁﬂSlllﬁS by station were
2,a11 s1gn1f1cant1y different a_g_;hatumeanqdﬁw§lilgs 1ncneased~pnogE£§§lley from
::hezzeanzgrtran51t1onal to ambient stations (Table 10.3). Slnce the mean den51ty

e e e il S e P e e, T

‘ ~the temperature of thosgﬁaneaswwenemnotﬂqreat1y dlSSJm1lar 1t _appears that .
’t/*\factors other than thermal regime caused the amblent area of the lakeﬂxo be _more

~productive:

e
EEAREVERRYS o

_"at the ambient z0ne was muchﬂblgbgﬁfghgn that of thgdgggg§lx1onal zone, while

f':Selected”Cdmparjsonsfamong'sampling Stations were designed to yield more
},spec1f1c information about the spat1al distribution of Lepomis spp. larvae 1n
ﬁf,Coffeen Lake Data concerning larval densities within the intake area were of

obvious- importance to the concomltantrentra1nment study (Section 12, herein).
~-.Surface tows within the intake cove had significantly higher larval densities
i?ithan'eifﬁer the 2-meter (C1) or the 5-meter tdw;(c2) (Table 10.4).
_ Determination of the relative "proddctivity" (EPA 1977) of the intake area in

“terms of Jarval fishes is essent1a1 --The density of Lepomis spp. larvae w1th1n
,the Coffeen Lake. intake area were not s1gn1f1cant1y different from the
non-intake" statjons of s1m11ar thermal regime (C7) (Tab]e 10.4).

idd1t1onally, densities. from the two 1ntake surface tows were compared to
kurfaceitows WIthIn JUSt the trans1t1ona1 reg1on (C8) and aga1n no. 51gn1f1cant

',Significant week, station, and a week-station ‘interaction were revealed by the :
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~densities shown are the antilogs

Table 10 3. Two -way ANOVA and Duncan 5 multiple range test for denﬁity of larval
. : Lepom1s sSpp. Tests were performed using transfoxmed data,. but me ar.

ANALYSIS OF VARIANCE

Week-station

Error 594 . 0.152

DUNCAN'S MULTIPLE RANGE TEST#
“Station : Mean - 7 , Grouping**x
‘Heated 066 B c

Transitional ' 0.96 , o B

'Ambient [ 5.71 : o A

* Statlstlcally 51gn1f1cant at the 0. 001 probab11ty level
~** Alpha level = 0.05

Shkk Means WIth the same letter are not stqnlflcantly different

Source Degrees of Freedom -  Mean Square F-value = -
CWeeks SRV 7.051 46,3+

Stations 2 | 18.273 119.99%

interaction 34 1.149 - 154
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differenro was found {Yahie"F 43, Thus, Lhe §gtaié arag af Dotfonn Lavi was

nol an area nf hzgh larva gquiky Dwffe:vnrnf het

sLationy faliih

Lherma} eXtrP"\(’S were 41so i: zarined and ‘df's’ﬂ dons “?’»?— were fogns b

Signtficantlj higher lnwagﬁ}ﬁni _Areas as opposed !ﬁjneaif} area, of the laka;
'comparison three {C3} (fahzn 10.4) contrast (03) hi* dosigned by compacs 31
heated stations to all ambxﬂnt stations, whareas, comparison four (C4) {Tapls
lﬂfdj contrasted stations wi;hin heated and amh}un;,arzsﬁ wh!ﬁh were fery,*"
simi}ar with respect to depth and habitat sampled. “In ather comparisons,
ngg@ig spp. densities wera found to be significantly higher near snore than at
mid$la§e'stations (€5}, but no statistical differenc: was foung betwesn surface
and 2-meter tows (C6) taken from similar nabitats, Storck st al, {1979} a?ff
repori;d that blueqil) ﬂensxt\es were signiticantly higher near Shore than
mid-lake stations, hut he found that bluegil) densx*!ﬁs were sigaificantly
higher in surface tows than subsurface tows at Lake Shelbyville, }3xnnx§.
Lastly, the two surface tows ?ram the main hody ¢f the ambient arey {Stations 3
and, [BRE were compared {£9) Lo the surface tow rnl;:tted at Station 18 !located
near;st the major tributary), the mean density was 2!qﬁ iicantly hzqhﬁr at uhe
trlbatary station, g0n§1stvn:1yrolpvatﬂd Lurbidifv levels al the station near
the tributary may have contributad -to the dis SpArate rzsrnns, by reducing qa?
avo:dance aof larvae.

A one-way analysis of variance was pecformed to detoect differences in woukly

aean densities of Lepomis spp. larvae within selectad lake arcas. Woekly moan
densities of Lepomis larvae were significantly different within Lhe heatndiax%a
(Table 10.5), the ambient area {Table 10.6), and the intake ares !Tanle 10,7

Yean Tarval densities were highest on 4 June al a? ' thres 1ake areqs m;aeygf,
withtn'the ambient area the number of larvae found on 4 June was not

Vstaiisﬁicaliy different frdm'that ohserved the fﬂ?!éwiﬁg Lwh weeks, &uqqegaé@gfa

pnonggiggmgpgggiqgwgggiod; ig:appeared that spawning was much wore abrupt in
thgﬁggéigdfggd‘ingake areas, aﬁrlarval density on 4 June in those areas w55f;
sfgnificantly higher. than all othér'weeks The onset of spawning erurrvdrrr
~1arlier in the heated areas than in ambient 10(dt!§n Lospawning peaks 3«€qsrsd 3.
thxs same time, butl Lhe duratton and intensity of spjwn?ﬁg wire dissimilar :
betweenrareas. Larval densitxes within the intake arca (Table 10.7) xnditaiﬂﬂ

~ that entrainment rates were potentia!\y highest on 4 Jnng and relatively 2ﬁw
‘j thereafter : : '
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Dorosoma (6i22ard Shad)

: G1zzard shad larvae were init 1al!y co‘lpctci 23 aprz! in the tnpumallj alterad
iport1ons of the reservoir and were found onp week later at the ambient 5;atlons.
'1ourfgce watex_&emperatuyes on the dates of €vrst,cappyre ranged” from 17.1 to
21.0°C. Highést lakewide mean density was recorded on 4 June whea 130.6 larvae
':wek*' ollected per 10 m3 of water sampled (Table 10. 8). In a s;mxlav study at

- Lake Sdngchr1s, another [11inois coolﬁng lake, maximum densut\es were found
14dur)ng the three-week period from 27 May to 10 June (Rergmann 1981); maximum
“densities were recorded for this study’during a.similar time period, 28.May to
11 June (Table 10.8). : : ' BT S

A two-way analysis of variance indicated that differences in Dorosoma larval
~densities att%ibutable to week, station and a week-station interaction were ai)

“significant at the 0.1% probability level (Tabln 10.9). Duncan's multiple range
,ftest indicated that mean station densities. were all Siqn)flrdn[]j dnfferent and .

i7that -mean d9n51t1es Aincreased. with lncreaS]ng dlstance fxom Lhc heatpd water,

“Comparisons identical to those utilized for Lepomis §pp., are presented -in Tqb1é :
-10.10.  Comparison one (Cl) ‘indicated that shad densities within the intake area
~were signficantly higher at ‘a depth of 2 meters than at the surface: but surface -

 'and 5- metor tows were not s1qn1f1cantly dlfferent (C?) Densities.of larval
= shad in the intake area were not 51gn1f1cant]y different from "non-intake"

“stations of similar thermal” regime (€7, C8). The mean density of shad Yarvae at

iﬂall ambient stations was sxgn1f1cantly higher than mean density of all neated*
';statlons (C3). Add]tlonally, a comparison:(C4) of h\qh]y similar %tatlons :
ifw1th1n two dissimilar thermal regions indicated that densities of larval shad
: were 51qn1f\rant1y higher in the ambient portions of Coffeen Lake. . Other

~ comparisons indicated that: (1) larval densities at shoreline and mid-lake
{—statlonQ were not. 519n1f1cant1y different, (2) larval densitics at surface and
1,2—meter depths were similar, and (3) larval densities from Station 18 (nc:rest
Vithe major tr1butary) were not significantly different from those collected in
*fthe main body of the ambient area. In Lake Shelbyville, Storck et al. (1978)
?E a]so found that shad larvae were equally abundant at mid-=1ake and shareline

~stations but, in contrast to thlS study, they found that shad 1awvae were more

'flabundant at the aurface than at subsurfaca tow sites, N ! :
' Toas
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! Table 10.9, Two—way ‘ANOVA and Duncan’ s multiple range test for density of !arval
: : "Dorosoma spp. Tests were perforwed using Lransfarmod data, hul mean
densvtles shown are the antilogs. : — :

ANALYSIS OF VARIANCE

~-Source Degrees of Freedom rﬂggg;gggggg F-value
- Weeks 17 ; 8.472 : 138.8%
~Stations ' 2 4333 71.0%

Week-station — . . g :
~interaction : 34 b - 0.771 : “12.6%

CError 894 0,061

DUNCAN' § MULTIPLE RANGE TEST#
Statien  pem s  Grouping#+r
Heated? — o o0 . ¢ |
4rfran51t1ona1 l v:‘f‘ 0.83 g S B
*ifAmbxent - |  2.2} y fr;" L;:, A"IVVV

* Statxstxca]ly 31gnif1cant at the 0.001 probabllty 1eve1
** Alpha 1eve1 0.05 ' 2
*ikk Means wvth the same letter are not s:gnlfwcantly different
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' 72i,A one- way andlysisrof variance and uncan's mo}Liple anqn tnsLs were utilized
"f~}to test for significant differences amonq weeks and \ubaequpntl/ Lo determine
- whether weekly mean densities within selected 1ake areas were tatistically
i{d1ffer;n§. Weak 1y ‘mean densities of larval shad within the heated area were
'f;significont!y different (Table 10.11) and peak densities, which occurred on 28
‘o;rMay, were significantly higher than all other weeks. The mean densities of
'5:éollectioos preceding and following 28 May were statistically equal. Larval
- shad densities within the ambient area were significantly different (Table
”]O 12); - peak den>1ty occurred on 4 June at the ambient stations; a week later
~“than at the heated stations. According to statistical treatment of larval tow
- data,the- ‘potential period of peak entrainment for larval shad occuraed durlng a
‘:_;5two week ‘period of 28 May and 4 June (Table 10.13). Peylods of potential:
'vf}moderate,entra1nment occurred during the middle of May (14 May and 21 May)rand
~-the middle of June (11 June). ' o ' - '

; Pomoxis (White crappie)

" Pomoxis larvae (larvae were not identified to species; ‘however, only P.

'f::annular1s, white crappie, adults have been reported from Loffeen Lake) wero
v"ff1rst collected on 7 May from the *ranswt\onal thperaturL StdthﬂS Surface

" ‘water temperatures at that time ranged from 17.5 to 18.5°C. Crappie larvae were
frnot collected unti) one week later (14 May) at the ambient stations, when- -

- surface water temperatures were approximately 20°C. Créppie larvae were 1;
- -subsequently collected each week through 11 June. Pomoxis densities were’
- highest on 4 June, the mean of al} station means equaled 1.2 larvae/10 m3.
. Kindschi et al. (1979) collected Pomoxis larvae from 30 April through 25 July
“cand recorded a max imum denswty (13. 0/10 m3) on 6 June from Rough River Lake,
Vo’Kentucky Krause and Van Den Avyle (1979) reported that peak denswtxos (1.0/10
'7*¥m3) occurred in late May in Center Hill Reservo1r, Tennessee. Larval Pomoxis
~were_uncommon_in.collections ons from_Lake.Shelbyville (Storck et al. 1978) and were.
“a ltogether absent from Lake Sangchrls is_ichthyoplankton co]lect\ons (Bergmann
-01981).° Thus, from the information available, -it appears that the date ofrpeak

vlarval densvt1es in Coffeen Lake were in synchrony w1th those reported hy{other
,1nvestigatovs = : & :
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A two “way analysxs of variance performnd on tne t:dnsf)smei data demonft:ated
that larval densities were- significantly dlfleFﬂt among weeks, stations, and -
that ‘there was a week- stat1on interaction (TabYe 10.14), A Duncan's Uuitlp!e
rangt test, performed on stat\on means, indicated that mean crappie density Was
51gn1f1cantly higher at statxons in the ambient area than at stationsiin the -
other thermal zones. Furthermore, mean densities of the heated and transwtlonal
stations were not significantly d\fferent (Table 10.14), Given the smal) sample
size further statistical ana1y515 seemed unwarranted, tbwever, lnspertlon of
station means (Table 10, 15) yielded further information concerning spatial
distribution. Pomoxis larvae were not collected from the discharge. arm
‘(Stations 1, 2, and 3) of Coffeen Lake and only one specimen was taxen from thn
other three stations located in the heated zone (Stations 12, 13, and 14). Ther:'
.lnanrlty of the crappie larvae collected during this study came from two tow =
sites (Statiohs 10 and 18) both Tocated in the ambient area of the reservoir.
Since larval Pomoxis densities were highest in the ambient -area of Coffeen Lake
that Spawning act1v1ty was apparently more 1ntense in that reglon of the 1ake.

Summary

In summary, déhsities of Lepomis spp. and Dorosoma 1arvae in the intake area
were not significantly different from densities collected at "non-intake"
stations of s1m11ar thermal regime, ‘thereby demonstratmnq that the intake areas
g/,theﬁﬂgffeen Power Station wak,not an_area of high potent1a1 1mpact for. those
speC1Ps The initiation_ of spawnlng did not. dxffer great]y between heated and-
qmgjent areas_of the lake;: however, - it dld -appear that duratlon of Spawnin; +as.
altPrLd -at_the_heated. stat1ons The sbatla] d]str1hut10n of larval fishes
(Lepomis spp., Dorosoma, and Pomoxis) was apparently affected by the thermal

‘ gradlent in this lake, as was evidenced by the progre591ve 1ncreasp in mean

larva] dens1t1es found at stations more distant: from the thermal discharge. The
amb1nnt area of: Coffeen Lake (that port1on of -the lake north of the railroad
causeway, see Fig. 10.1) supported svgn1f1cant1y higher densities of Lepom1s, :
Dorosoma, and Pomoxis and therefore should be considered a maJor fish nursery
._—— e — PRI PR st )
area. It is relevant that this nursery area in Coffeen Lake was far removed
from the area of coo]1ng water 1ntake S0 that entra1nment effects were

‘, mlnlmlzed : :
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 Source
~ Weeks
"Stations

rweek station
“interaction

Error

Station
Heated
Trans1tlonal

Ambient

e o 8 i o e v . B o e 0 e e e

Table 10 14, ng-way ANOVA and ﬁunCﬁn 5 muiii
S larval Pomoxis sp.  Tests were nurfﬂm

: but me an densities” shzun are the antilogs

ANALY31S OF VARTANCE

17
2

By
594

DUNCAN S MULTIPLE QANG

Degrees of freedom -

Mesn Square. fevaie
040711 126
0,142

0,085 4,7 1
0.096
et
!‘.@3}1 Grovping**?
£0.001 3
0.02 g
0,14 -

* Statlstically significant at the 0, 001 probab ity 3PV91
**. Alpha level = 0.05 :

b Means w1tn the same letter are not S\gﬂ!f%CAHtlj G?‘fﬁren&
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fsgr traga nﬁFP el onte werkly from & Mgy 1o i

I:Llaraf Areas near veqetatinnal ar

d;Stharge,ar@,igves and tws

13, hervin).  Traps wore sef ay 21

(iight Qf{} at:gath Ygcat iun,  Spen

2 et gnd

preserved {10Y farmalin} at ﬁgﬁant thiuy A roximately 100 af aightlime carpiie
effort per Lrop,  ldentification procedures fallowed tnsse yivon in Gog

herein,
CRESULTS AND OISCHSS I

A Lotal of 2,531 larval fishes, reproesenting five taxenansic gqroups, sere

collected in %arval traps. ncluded wers gizzard <had ilthSI”i cepedianuny, :

qolden shiner {Nﬁtemlgonus ﬁhrfsc3aucas;, blackstirips topninnos iégndu%és

TR o
TSI I

a;aggi), Jargemsuth bass {Micropterus salmoides), and auﬁiiiheg'{;epﬁmés
Sunfishes were. collected Sn’?arqe pumber s {93.3% of the tolad ratoh] Bal Dl her

species were comparatively few in number {Table 11,19 1 Aiirépeaiggﬂs Wi

larvae in the sense that fin dE'*’gpmeﬂL and iiiifﬁ%ﬁﬂl af ather juveaile ,
characteristics, had aot hean roﬁg;nteﬁ {ﬂlaxsﬁr 19657, Sé}deﬁ shirer larvie
and most of the larval sunfishes had traces of golk material remyining,
indicating thal they were captured sonn after hatzhing,  Larval gizzard shad and

largemauth hass were aearing completion o€ the juvenite fors at iéa Yim ot
caplure. ) ' ' '

Several golden shiner Tarvae werefiapluéﬁd on the first dd?:ﬁf ziaﬁaing i May}
at the mid-lake iccalion hut traps located in ihe discharge wors émﬁty {Table
19,1}, Largemouth bass were first collected on 17 Y tay in the discharge ang on
zgrxay al~miﬁ-!§ke. 6@1 they wer&'éevef commn in trap sampies. Jne )
collections primarily consisted of Lepom{z spp. 23(?5Q, g Lhey avcasiooally
were found in high nusbers {Yable 11,13, :

The effectiveness of illunination as an attractant a;'niqht,wa< oy §Lrul apon
examination of the data since the vast majority af catch 29.3i af tha

1.3




irred in bighted traps {Table 11,10,

sofficient magnitude 1o draw conclnsions, boae

comparison and may have only representsd ine ident.
ﬂféiﬁﬁab!y exhibit a positive éﬁﬁi@&dﬁ%is r@aﬂﬁngé'mu>

Sware susceptible 19 caplure by the trapping T Lh: 5 s Lutdy.

P4

were first encoutitered in Lhe di4 Lh‘)t G arm i!g Wopes _';enggmf%; ahundant 380

Ctrap samples {rgm'!hal incaticn [TabYe Viot).  Hewnan {%ectin
collected larval Lepomis spp. in tow-nets an 73 Apriloin the gisch,
Vﬁdffeﬂm Léke; their accurrence Eﬁ the ambient arpa was aboul
r#§§éh'gEneralay gr:esuondod with the timing of Lepunis spp.
'*Sﬁplés from Lhe: discharge, Egﬁ_gft catehes {Sectlion !)‘ <uqﬁt§"u a 1»9atpr'
Fdensity of Lepomis spp. larvaeix' - oy

'fta ‘heated areas, a result which was naz suppqu&

i s e ek i A e i e

.;? ‘““ "60“2 uata.

AGizzard shad larvae were found Lo be abundant in the lave as judged by tow-ned

“catches (Section )0, herein}, but they were encountersd most often in Vimnelis
, PHhy ' 7 o

ra2gions.  Thair rarity in trap sasples may Lthus roflect 3 low doangity g
2q 3 P y , ; Y

W

Tittoral regions. targemouth bass, however, ard kaown to occupy 1ittoral srea 7
yar? 4
:the carly life history strategy of Lhis specins.  As larvas, Targemnath bass
{iwidsng@r 19751 and Lhoy
'ﬁBVP been shawn to exhibil g na;LurnJ!!y inactive behavinr and'é tendency Lo

y in life. Their infrequent occurrence in trap samples probably was relata

LA

.4re 3 strong-schooling, ua:en&aiiy guarded speci

ﬁnaxn near the nest site during most af the larval period !"2' Lt i97R}, -
,SIQQﬁ only dQVﬂiﬁpmﬁnt¢lly advanced Yarvae were éncounted in Mnts study, it'ig%
aSSunei that ihej had dispersed frﬂm the fehaui ané assuned an: ‘ndepeudent o
'gxlstgnce at the time of capture.  Shoreline gg&nznq witld prohably provide

hatter estimates of bass shundance and disteibulion at that stage of

development .

~ Light trapping has been used successfully by 5L&érs Lo caplare Tarval fishe?'*‘f¥*
Q’Kihdscbi et al. ‘}979) coliected 1,445 Iarva} and juvenile f!shﬁs in lighted ,F :
: :traps of which: 80% were Sunfishes while no fish were collect ﬁi in un§xghtau

tfaps Faber fp,,d. Faber, pers. comm.} also found thal light trapping at di§ﬁ{

n Tittoral regions was a useful method of datersining the distribution of arréji'




Tabie;l!,}, Nunber of fish larvae collected in traps {lignt or dark} at
. weekly intervals in Coffeen Lake, Date of coll tactions, !'aa
- locations, and species letter codes {G=golden shiner, B=)ar
mouth hass, L=Lepomis spp., chwzard shad, 3n0d z*ts%; rssrig)ﬂ?
topm!nnow\ are gﬁvpn. SR -

T e o 0 b i b et ki e Lt A e e e ey o et b e 2 e vy o e . e

Date .. Discharge o M)?,};ke '
('1980) f"Lignt Dark Light .~ Dark
5 May f SR ~ - 8 {G) S .
12May 5 (8) - L) -
19 May 1 (L) - a (o) Sl
26 May 1 (L) 0 2(8) n
0 e
2 June 1238 (L) - e
9 June 245 (L) - 92 (L) 1.(8B)
: o HAs) - 6 (S}
a 3 (8)
LAT)
- 17 (L) 1 (8)
) 1(8). Py
- 52 (L) 3 (L)
- 2 (L) -
2 (s)
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IMP IHGEMENT AND ENTRAINMENT
7 V by
negﬁis L. Newnan

ABSTRACT

A one-year 1mp1ngement and entrainment study was conducted to assess the lmpaut

of the Coffeen Power Station's coollng water intake system upon Lhe fchtinyof auna

of Coffeen Lake. Impingement sampling consisted of 69 24-hour surveys conducted
waekly during the warmer months and twice weekly from late sutumn Lo early

spring. A total of 7, 477 fish weighing 109.2 kg were collected; glliafd ‘haa

and hlueglll romprlsed 97% nanerically and 90% by weight of the total 7
lmplnqement sample, Impingement rates were highest during the coldest months of

the year; 83% of the total: 1mp1ngement sample was taken durlnq lanuary.

FLbruary, and March, Mortallty due Lo 1np1ngument 1ncurred gnly m!nur los%ns Lw

the Coffecn Lake flshely Nhite crapple papulatxonf suffered the qveates" s
percent loss to the standing crop, 3.4% numerically and 1 GQ by wvlﬂhu Las<es

tO the blueglll and ‘gizzard shad populations were . smal) and-further: rpdur!loqs

were deemed advantageous. {Dg”ggndltqu (VTL) of impinged fish (gizzard shac Z
and bluegiil) was élgnificantly (P.0.05) lower than the condition of similar aéfﬁk

PAOKIPE S SRS

sized fish ¢ collected by electroflsh1ng 1nd1cat1ng that the ]nplanment proce5s

i e e e

was selectlvnly ellmtnatlng f\sh whlch were in poor body condltvnn

The primary entrainment samplxng methodology incorporated two low- volune pump
sampllng systoms operated on.a 24-hour basis. A LoLal of 3,430 larval f1shos
were collected in- entralnment sampling conducted fyam 25 Apl\l through 9
September; neariy 84% of those larvae were gizzard shad.  Peak entrainment
den51ty occurred on 12-13 June when 18.05 Tarvae were collected per 1003 of

~ water sampled A conservative evaluatlon of entrainment mortallty Was o
A calculated ‘using a weekly “1nstantane0us standlng c;op" of -larval fxshes in the
‘reserv01v., Percent loss to .the larval gizzard-shad standlnq crop ranqad

o2a




from 0 04 to 13, 3% but entralnnent mortality only anhuntﬂo to 1.,4% ﬂhvﬁ

‘standlng crop Was at a maximum, Losses Lo the Lepomis-spp. standing crop ranqedff
rom Q. 05 1o 8.6%, s,IﬁgﬁgleSses appear mxnvma! qlvnn Lhe nat;rﬁ! mc:ta‘:iy raLe,ff,
of larvae of these species, : : -
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Sectlon 316(h) of the Fedc;a] “Water Pollution Control- Act of !97<, PL 97 500'
requ1res "that the locat1on deJ gn construct\on and rapac1ty of coo]xng water
intake ‘structures reflect tne best. tecnnology available for :1n1wwzan adverse.
' env1ronmental 1mpact " |hUS Seétion 316(b) specwflcally refer> to the 3mp1nge-
ment and entralnment of aquatxc organisms at cooling water 1vtake eructures

Entralnment involves p]ankton‘c and nektonic n:ganwsms smatl enough to pass
through the intake screens.  As these organisms travel through the cooling
system they are subjected to multiple stresses IKelso and Milburn 1979)5: The =
principal causes -of démage are mechanicai (pressure changes and bhyscia! L
dbrdsions), biocidal, and thermal étresses. Impingement refers to the blockiﬁg
of larger organisms agéinst the travelling intake screens. . Extensive reviews -
concerning -impingement 1osses and 1mpacts at inland water locatlons have been
written by Freeman and. Sharma (1977) and Kelso and Milburn " (19/9)

A one-year study was conducted to assess the ech]ogical impact ofrthe Céffeen*f
Power Station's coolihg water intake system updn the sichthyofauna-of Coffeen -
‘Lake. Some investigators héve attempted-to assess adverse impact without
baseline data on existing popu]atfons The present study was conducted -in
synchrony with a three- -year 1nvest1qat1on of all major b1otxc catego:1es in
Coffeen Lake. In addition, quantltlatlve ichthyoplankton collections were made

l durmg the 1980 spawning season (Sectlon 10, herein). The purpose of thrlS

investigation was to utilize that broad data hase to determine the,impaét'of
entrainment and impingement upon the Coffeen Lake fishery. =
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PLARI:DESCR}PI{GH

' 3'1'Coffeen Power Station 1ocated in Montgomery County, N1inois is awned ddé ;'

5’; openated by Central IN1inois Public - Service Company. Two geaerating un‘ts7'bo*h

coal- fired, produce a gross capacity of 945 MeW, However, both unlts at: Coffcen
have:experienced low annual capacity factors in comparison to lndustry avarages
'5§h (cIps 1977). Unit 1 (350 GMew) and Unit 2 (595 GMeW) were “put_ into romnercxa}
service in 1965 and 1972,7respectively. Life expectancy for both units was
projected to be 30 years. 7 7 ' '

Water for the once-through or open-cycle cooling system is derived from Caffeen
Lake, -a 446 hectare reservoir, Intéke wateris provided by four circulating

= water pumps and four low pressure service pumps (see Tables 12.1 and 12.2). The
intake structure-is partitioned into three edﬁal-sized'bays (Fig. 12.1). ?igure
12.2'iilustrateé the horizontal spacihg df cdbling watok intakes iin relation to
the iﬁtake baysr The zone of intake water withdrawal 1s not 11m1tcd theré is

. no skimmer wall (F1g 12.3). Clrcu]at1ng water intake p\pes are-located near
the 1gke bottom; the center of each pipe 1s736.5 ft. below normal pool.

The vertical travelling screens (mesh 0.95 fm) are dpsigngd to protect pumps and
condenser equipment from damage. These six trdvel]1ng screens (see Tab]es 12

- and 12'?) are the site where largnr aquatic organisms are impinged. lnder

g normal -operating procedure the trave]]xng screens are backwashed once durlng
ach 8-hour shift. Fish and debris . are washed into a slu1ceway which then
'emptles into the "fish trap" (Fig. l? 1). F * purposes of this study a 0; 95 -cn
mesh screen was placed over the existing screen in the fish trap. There. is no
7 fish bypass system; fish which collect in the fish Lrap are disposed of by C1Ps
':'—.ma1ntenance personnel i

- The tprmlnal port1on of the ice melt1ng line or intake deicing system is .
deplcted in Flgures 12.1.and 12.3. Rec1rcu1ated warm water may be released . from
~ these- ]1nes, approx1mately 20 ft be]ow norma1 pool water level. ~ This system
s not used dur1ng the w1nter of 1979 80. ' -
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Table 12,1, Salient physical characteristics o ¢

ne PO AL
Station (Unit 1) conling water intahe Systen,

OV U - T SR AU

Item L - Lnaracteristios

Circulating water pumps

a0 B e o v Ry e s o ks e e Y g e

S type - , vertical, dry pit, onn 4 lage
number , -2 ,
capacity (each) 13,259 gpm
total head ' 54 ft,

“drivers 1250 hp, 217 rpe

Low pressure service
water pumps
type : “single stage horizontal,
: centrifugal
number : :

capacity (each) .= ©9000 gpn
total -head 2430 ft ,
drivers : 2350 hp, 1200 rpm
Screen wash pumps
“-number 5 _ 2 .
capacity (each) . 630 gpin
~developed head , 140 ft.
Travelling screens ,
numbher i 2
speeds ' - 210 fpm/2.5 fpm
basket width =100 -0
Condenser , - N
type o ~two shell, horizontal, two pass,
" s ~ divided water boxes :
surface : ' 220,000 sq. ft.
- tube size . 0.0,
-designed temp. rise 2 22° F-

12,5




Table 12,2, Salient physical £hary
Stations funit 2} ¢

e 0 o St e 10 St T v v e S bt it b et ot b S e o - st e i om0 i ot

Ios

Charasteristiog

T 8 b b et e . o et e e T 2 i o . o e 5 0ot s 2 e e e et e e A i e

Circulating water punps

tyne

number

capacity {(each)
total head
drivers -

Low pressure service
Water pumap )
type

number

capacity (each)
total head
drivers

Screen wash pumps
number
capacity {each)
developed head

Travelling screens
number
spaeds
hasket widtn

Condenser .
i type

surface
tube size .
designed. temp. rise

vertical, dry o1t ane wtage
] i

s -

126,500 gpm

54 fy. :

2000 iy, 249 rom

~single stage horizontal,

centrifuagal
24,600 qpn

140 ft, ,
900 hp, 900 rpm

2

1260 gpm

130 ft.

4 i :
10 fpn/2.5 fpm

: ]0“0"

two shell, horizontail, two pass,

divided water ‘boxes
330,000 sq. ft,
1* 0.0,
22° F

- 2.6
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The impingement study consistad of 69, 24-hour samples: this o

the 20 percéﬁi Xaf 365 days) mininum sampling intensily rec

ot al, (19773, 3dnp\ﬂs were

IR NG T

MATERTALS AND METHODS

collected at weekly \ﬂ’ﬂ'JS;S

May, June,’JJIy, August, September, and the latter half of ﬂgr?l'rrjgfan

Derember, January, February,

increased Lo twice weekly. Periods of increased ﬁamﬁlwng ef fart arrusqudpﬂ L3

periods of expﬁéted high impi

Impinged fish wéré identified, counted, measured (Lotal length), and weiqhed

(qrams). When the number of

total number of fish was counted, the Lotal weight determinedrahdiarsahsamp3e

taken for individual lengths

depended upon the total count.

Each 24-hour survey consisted of backwashing al) travelling'screedsrand r

March, and Lhe first half spr’

ngemcnt rates,

individuals for g given species exceeded 100,

and weights. The size of Lhe random subsample

all fish from the "fish trap" to initiate the collection and kepéatﬁng the

procedure 24 hours later when the sample was obtained.

biologists were preseht during each of these processes, SpeciMehs;from:
fmpingement samples which had obviously been dead Tonger than 24'h0urs were

excluded from analysis dater temperature, dissolved oxygen and- Lhe number of

circulating and low pressure
during each survey., Monthly
formula: -

Estimated monthly
1mp1ngement '

service water pumps in operation were reca:de
impingement estimates were ca]cu]atnd from thu

Number of fish
in monthly samples

‘Number of surveys X Days in month -
~ per month : -

12.10
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Cimpingement sample,  NoLiceably uncommon in the s

: meqalotzs), L0 snelsos Canan?v cnliectod dur.-
Ba LALAAER S ‘

A i*zﬁi uf 71,4778 an Wi

iffisz e L ’ Fom Novirmhier

?aama Lepediangr

{ 3y
we Jht ’Ta%iﬂ F20300 0 Dazeard snsd ang higagi
{‘{f,x;{)!’?)&i’] 97 percent nunericall Foansd BT norcent e g

9r&ﬁ§ipa} sportfish of Coffeen Lane, Yargemastn nacss ”i(r e

s
45 24:T

hdnnﬁ! catfish (letalurus punctatus). Other fisnec ®abes in Yoy g

}drvnfs zn»!uded: white crapple {(Pomaxis annularic

T3y arangespot teid s

humilis}, hybrid sunfish (Lepomis sop.}, arpen sunfish (L. cyanelluss, aﬂ%'%fafk

tIE

bullhead {{ctalurus me!dé}; Twenty one fich apecies have bheen ool lected from

3212

Coffeen lLake by the Ratural History Survey <ince samp! 1y began in Septom

H

9?% (Section 13, nﬂrwvn} Larp fxyp:*nu« carpis} and Jongear sunfish {1

Tar ©isn papulating
UIVLya wwrp not fQUWd in any af the H9 1np1nanwL tosanpleg,

N

An-examination of monthly impingement samples {fable 12.4) it revealed that

LIRS

impingement rates fluctusted with the seasons. impingement rates were highost

during the coldest months of the year; 33 percent of the total inp ingemant
sccurred during January, February and March.. Mean waler temperatures at Lhe
infake during thosez months were consistently below 10°C and the lowest,ﬁéaé
temperature recorded was 5.8°C (Appendiz 12.1). !n a-nationwide review of
imb?ngement at inland sites, Freeman and Sharma (19?7) concluded that high-
impingement rates during winter months were dye-L o the poikilothermic nature and
high mortality of shad at low ambient temperatures, Impingement data from the

Coffeen Power Station supported that conclus1on"gx7zard shad ¢ omprlsod a 1d¥QLI

percentage of the 1mp1ngcment sample during January, February, and March Lhan
dur1ng any olther months., Glz7ard shad were QSan1ally predominant in February,
a period of consistently low water temperatures, ]Tpvngemon' rd'ﬁimﬂ8l9,75’
extreme]y low during the aut umn (September, October 5nd ngg;gér), uppvoxwmate]y
6&3\?Tbﬁ‘n?r survey were collectpd Imprngement rates were somewhal h1QhPF in
the sprlng {April, May and Jun@), probably as--a result of the h1gh den51t1es of
Juvenile shad and b]ueg1]l present at that time: TSeasonal f]uctuat»on;,1n_f
T ' 12. 11 g




Tabin 12,1
53

RS X Nt e e ot 1 .- —en

Tans o N,

T, e sheon. 0 . G A AL e 53 e

fizzard snag - 5,903

Bluegill e 372 5.0 0 1,805 2}
White crappie B LY }

Orangespatied sunfisn 35 0.

i
[
S
v
W

ot
-

Unidentified Sunfish 7 0,

Chiannel catfish 12 .7

]
-
I
o
.

Largemouth bass -9 2.1 2,652 2.4

Unidehtified fishes ) 0.!f'," 1. :

-~
R
EaS g

Hybrid Sunfish 601 297
Green Sunfish D2 Lo 102 2.1

Black Bullhead 2 s 10 o)

—— e > - % R ET Rt R bt

7,477 100.0 - 109,166 99.9

*denotes Tess than 0.1
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tn-impingement rates did not 3ppear to be dinked to flactualions in tne zoaling E

water flow rate {Appendix 12.1)}. Edwa:dg etoal. 19767 demanstrated Ph1; :
;:i{,y,—:
Rather, it appears that (ﬁrldm eavironmental factors such as \’\}LL;‘ temperature:

\mp\ngnnent rates could not be explainad gn the h“1~ ] "q'siv vl

and sky cover are better predictors of variations in tapingement rates {iiftun
and atorr119/7). Porak and Tranquilli (1931) noted that nigh ‘mpiﬁgpmen; rates
by,the Kincaid GéneratinQ Station.at Lake Sangchris seemed Lo be a9sac iated with
low water Lempefatures. ‘At Coffeen Powcr Station mean water temperaturesréi Lhe
intake were neqatively correlated {r = -0.59%, 0.1% Tevel) with impingement
rates. The model used to descrtbp the corrclatwon accounted for-35 percent
(r¢ =9, 354) of the variation observed. Clmpingement rates may also be linked
to"extremely high water temperatures. fumbers of fish impingnd iAcreased;jn
'August (Tablp 12.4) as mean water ' temperatures at the intake remained above 12°C
and surface water Lemperatures exceeded 35°C. z

Estimated annualrimpingemént by 9pecips fdr'the period November I@Yg ﬁt*uﬁﬂ*
1980 is presented in Table 12.5. Aanual !ﬂDIHQLmPﬁt 1osses appcaroi ta be -
mlnwmal and would not be prnctodl€5wﬁglr1mentally Jmpact the Coffeen Lake ';%T
f\Shnry :Data pré&;hted in Table 12.6 describe the ‘impact of annual 1np\nqement
at: Coffeen Power Station in terms of percent loss Lo the Standlnq crop of- fishes
in Coffeen Lake. =This was accompl ished by utilizing fish standing crop
estimates derived from foux cove rotenone samples (Section 14, herein),.
Mortalltx due to 1mp1ngement _incurred losses to the fish populat1ons of Cnffoen

n.0.04-1.6% by weight and 0. O3 3. 4% by numbe

Lake ranglng‘frOr

Ffom a fisheries management'perspective a much more substantial reduct ion . in the -
standlng crop of gizzard shad and bluegill would canA1n}y be considered advan- '
tageous (Carlander 1955, Jenkins 1957, Parker 1958, Smith 1958 Anderson 19/3)
Bluegill from Coffeen Lake were stunted and consequently very few: 1nd1v1duals
reach "m1n1mum qual1ty length" as defined by Anderson (1978). G\zzard shad
serve as the pr1mary foraqe 9pec1es 1n Coffeen Lake; however, it appeared that
‘“they grew beyond usab]e lenqth by: the middle of their second summer . Anderson N
(1973) recommended lew to 1ntermed1ate adult gizzard shad biomass den51t1es (27
'to 90 kg/ha) in order to achieve a ba]anced fish community.

207




Table 12.5. Estimated annual impingement at the Coffeen
Co Power Station, November 1979 through Octgher =

1980,

Taxa

Numbers

Weight (

Gi?zard shad 71'
kauégil}

White crappie
Orangespotted:5unfish
Largemouth bass

~ Channel catfish

Others

27,131

1,898
646
144

50
59
268

30,206 -

328,104

43,866
32,179
2,204
20,079
6,193

2,999

435,624




- Table 12.6.

Estimated impact on the standing crop of fishes in Coffeen

- Lake due to impingement mortality by the Coffeen Power

Station. Percent loss (weight and numbers) = estimated annual

‘impingement (Table 8.5)/standing crop x 446 hectares.

i Average standing crop (N=4) Percent loss
- Species kg/ha no./ha wt. no.
~ Gizzard shad 267.5 10,197 0.3 0.6
 Bluegin 52.1 2,245 0.2 0.2
" dhite crappie 4.5 42 1.5 3.4
Vi'Ohangespbtted sunfish 2.2 188 0.2 0.2
~ Largemouth bass 7.7 255 0.6 0.05
v:Gﬁannel catfi

sh 34.5 : 460 0.04 0.03

12.19




fA—combarison of estimated annual impingement at Coffeen Tower SLAticn with tws
other electrical generating siations located in central [11inois 15 prosent in
Table-12.7.  All three power plénts are coal- fired and withdraw conling wa*?v'
from an adjacent cooling water reservoir. Total 1npanqcmont W3S Subatawt1al Y
,'PgngL“Ah_Cofteen,Lhanﬁdiﬁﬁlthgr Kincaid or Qailman Pownt Stations, Xelso and -
“‘Milburn (1979) found a correlation hetween ganerat1ng “capacity and anaual
'T,impingcmentrwhen various Great Lakes power stations were compared. That
rélationship was not found in this axample; other factors {intaké design,
jdensity of fishes with a propensity toward impingement and the deqree to which
fishes were attracted to the intake) were evidently more important. Lake
surface area was included in Table i2:7 in order to give some indication of the
relative impact -of differing impingement losses. PRennett (%970\ concluded that
surface area was a better predictor of the carrying capacity of a )ody of ddLPr
“than either volume or depth.

As a means to further evaluate the impingement process at Coffeen Power al&t!Oﬁ,
the coefficient of condition, (KTL) (Carlander 1969), of impinged fish was
compared to (KTL) of fish collected hy n?ectrof\shan in the intake cove, Mean
(KTL) factors were tested (t-test) fox Sﬁ'n PS collected approximately the g amne

day. Mean lengths of those groups compargd for Lu,\at1oq values were first
tested (t-test) for statistical equaiit§559f0 05). _In all cases, condition of
ﬂ@lﬂﬁgﬂ~fliﬂ_ﬂﬂ§”§lﬂﬁificaﬂllx (P(O 001) lecr than condition of fish collecied.
by electrofishing (Table 12.8). These data 1mp11e1 that impinged fish were in

poor body condition pr1or to be\ng impinged, consequont!y their susceptibility
lto the 1mp1ngement process may have been 1ncveased Thus, Lthe \mpxngomeht
process was selectively eliminating fish which were already stras sed oF
Vweakened Similar findings have been reported by Gno-dauxna lqun) and Porak
- and” Tranqu111\ (1981). '

fCértain operational anomalieS'existed'during the study period which may have
' fcdntribhtbd to a slight underestimation of impingement rates. Carry-over of

- ’:'fish was observed for al) travelling screens but in varying degrees, Fi%h’caw}d o

not be removed from the screens and ‘the magnitude of the problem could not be
iquantifled The bulk of the carry-over problem was limited to one of six intdkei
,iscreens LIPS personnel rectified the situation by c\eanxua the 1et sprayprs on
0 12?0 : it - :




~Table 12.7. A comparison of estimated annua) impingement at three
' electrical generating stations located in central I linois.

: ] Annyal Impingement
“‘Location © Number Weight GMew  Lake surface area

Coffeen Power Station 30,206 . 435.6 kg 945 446 ha
Coffeen Lake : : :

Kincaid Power Station* 158,353 3,062.8 kg 1,232 876 ha
- Lake Sangchris ; ,

Nallman Power Stationt 995,501 8,498.0 kg 360 1,713 ha
Lake Springfield - : ,

*Porak and Tranquilli (1981)
- 1Geo-Marine (1980)
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Table 12.8.

Generating Station to
intake cove.

Comparison of condition {K(TL)] of fish impinged at the Coffeen
those collected by electrofishing in the

Sample  Size (N)

——— . b st

FStatistically significant at 0.001 probability level.

: - __Mean K(TL)

,Date i Shock lmpinged . .. Shock Impinged- t-value
o 'i! © Gizzard Shad B
28 Nov. 1979 53 B4 0.727 n.518 9.89+ -
18 Jan. 1980 27 2 0.943 0.496 9.33
25 Mar. 1980 12 15 0.706 0,506 9.11r
30 May 1980 25 23 0918 0.541 10.90%
= Bluegill | |

25 Mar. 1980 16 16 1,448 1.218

4.17*
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E thét?screen'nn:26'February 1980. A second anoma!y cnvcerned the \noperabﬁlity
~of trave\llng screen number one (Unrt 1) during the initial 189 days of the 365
i—day 1mplngement study “Since stop-logs were posatloned in.front of that
travelllng screen, and no water was pumped ‘through that area, the resultant
1/6th reduction in intake screen surface area may have translated into some
reduction ‘in 1mp1ngement rates.
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SECTION 12
ENTRAINMENT
MATERIALS AND METHODS

3Three methods of sampling were employed to study the entrainment of fish larvae
" and eggs at Coffeen Power Station. The primary method injorporated two sampling
~systems as depicted in Figure 12.4. The pumps were low volume centrifugal pumps
,;(2 hp.; electric) with a capacity of 0.44 m3/s at 3.05 m of head. Water was
":pumoed'through,3.8\ cm (diameter) reinforied ‘fivse from:the intake bay into a
plankton net (mesh size 0.505 mm) suspended in a 55-gallon drum. The water -
level in the barrel was maintained such that the discharge hose remained
“submerged. The volume of each sample was measured by water meters (Rockwell
~model W-160 DR) placed at the terminal portion of both sampling systems.
' rTwenty -four hour samples were collected twice each week from 5 May to 11 Ju]j
1980; from 14 July to 8 September samples were collected at weekly- 1nterva]s.
- -Samples were taken through the six grate openings located imnediateiy in front
" of the travelling screens (Fig. 12.1). To conduct a 24-hour survey both pump
f'Sde]PrS were assembied in front of the same c1rcu1at1ng water pump- (one which
"was operatlng) but at different grate openings. During each 24- hour,survey; the
two samples were pumped from two different depths. Samples were preserved in
- 10% formalin {with rose bengal), sorted and " stoved in vials contalnlng 5%
i'fformaTin. Larvae were counted and \dent1f1ed to the lowest. possxble taxon: u51no
Vthe most recent keys ‘available. - Fish: €qgs were counted but not identified: to a
Vf;taXOnomic,fevel. Larvae and eggs were expressed as numbers per 10 m3 of water
sampled. :

“‘ffeThe second sampling method involved towing paired plankton nets during daylight
'}rhours'ét week 1y interrals from 26 March to '0 August 1980. Five tows were made
" “in the intake cove, with each tow beginning immediately in front of the intake
' ~2structure Table 10.1 (see Section 10, herein) gives further exp]anat1on as to
epth and duratson of: each tow. Ichthyoplankton tows in the area of the intake
ave. been found to yteld a more accurate assessment of entrainment than euthe:
ftatlonary nets or ln l1ne taps (Lee Graser pers comm)
' : ' Ca2.8 '
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_Discharge hose

- 55-gal drum

-—Plankton net

: Conﬁifﬁgol i \
pump %l E{’ﬁ_f / -._’Wcter' meter

lhtake hése -

',,;;Figjq'r,e'lé;zl :‘Low volume pump samphnq system emp]oyed as the
o primary sampling method for the entramment
',mvesthatlon :




*';The third sampling technique was. an attempt to s imulétg the intake velocities
fwhlch are conventionally be11eved to entrain fish tarvae-and eqgs.  Sampling was -
rconducted using two modified Waite-0' Grady samplers (Waitz and 0'Grady 1980) in
:the area immediately in front of the trash bars. The Waite-0'Grady sampler
;(Fig 12.5) was conceptualized as a means to more accurately and conven1ent)y ,
rsample zooplankton However, it has also been used successfully as an
instrument to predict entrainment losses as part of a power plant siting study.
_For the purpose of this study, several modifications were necessary, 1nc1ud1ng a
-larger: pump (]750 gph}), a larger net mesh size (0.56 mm) and a Targer p]9x1glass
rtube (8 inch 0.0.). The initial intention was to operate the Waite-0' Grady
'1Sdmplers over a 24-hour period; th1 was attempted at weekly intervals from 3
April to 2 May. However, the pumps were incapable of that kind of sustained
Vrbperation. Therefore, a less intensive sampling scheme was designed. Beginnihg
-8 May dnd continuing at weekly intervals until 13 June, 15 minute replicate
-samples were taken at the surface, 4, and 8 metprs This procedure was
' completed once durlng daylight hours and agaln after sunset.
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7 ENTRAINMENT

RESULTS AND DISCUSSION

A total of 732 fisn eggs were collected in primary entrainment samples. beak
'*density was recorded 12-13 May, when 5.45 eggs were collected per 10m3 of
ii', water sampled (Table 12. 9) Fish eggs were collected only during the month of
*;;, May; durlnq that time an estimated 7.3 miilion eqgs were entrained by the
~Coffeen Power Statien. However, the loss of several million fish €ggs appears
~minimal given the prollflc reproductxve capab1l1t1es of most fish species, The
v%fj estlmate of total eggs entrained was derived from mean egg density (2.1/10m3)
mult1pl1ed by mean cooling water flow rate for May (15.45 m3/sec) multiplied
by 26 sampl!ng days. Porak and Tranqullll (l98l) collected 218 fish eggs- and
calculated a total estimate of 2.2 -million eqgs: durlng the 1976 spawning sedason
~at Lake Sangchr1s Fish eggs were not identified to a taxonomic level, but

given the size of the eqgs and early date of. cﬂptuve the majority were probably
gizzard shad eggs.

A total of 3,430 larval fishes wereicollected in primary entrainment sampling
':conducted—25 April through 9 Septenber 1980 (Table 12.10). Gizzard shad larvae
- -dominated entrainment samples, conprising 83.6% of the total catch. Lepomis

spp. larvae comprised 14.3% of the total entrainment sample and were the only
: other taxa collected consistently. White crapple, although relatively common in
:i,i lchthyoplankton tows, were rare in primary entrdinment samples. Largenouth bass
¥ :?lgrxge were not collected and channel ca catflsh were uncommon: in_the 29 o

e e ey e

i*:kentra1nment samples “This sampling system was de51gned to allev1ate the problem .
~.-of mutiliated and thereby unidentifiable larvae However, a small percentage

- (1.2%) were damaged beyond recognlt\on Porak and Tranquilli (1981) collected
21,720 larval fishes at the Kincaid Power Station in sampllng systems nearly

1dent1cal to the prwmary system utilized in this study. At the Kincaid Statwon
" the percentage of g1zzard shad larvae collected was similar to the percentage
: found 1n thlS study but the percentage of Lepomls spp larvae was much: smaller.

Larvae flrst appeared 1n entralnment samples on 15-16 May but were not collected
in great numbers unt1l 26 27 May.. Peak den51ty at Lake Sangchris occurred on 24
: il ’ -12.28




‘Table 12.9. ‘Number and entrainment rate [ NJ /10m3) of fish
LT "eqggs collected by primary entra1nment samplan at
the Coffeen Power Station,

Date No. No../10m3
5- 6My 60 24
8- 9May 1 002
12 - 1;'37Ma'y T 200 5,45
15 7716 May 0 0.0 é',
19 - 20 May 215 35
22 - 23 May. 147 235
26 - 27 May 0 00
29 - 30 May 69 31

732




Table 12.10. Total number and percent of total of fish larvae

R ~collected by primary entrainment sampling -
conducted 25 April through 9 September \980 al
the Coffeen Power Station.

Taxa S . ~ Humber | Percent
Gizzard shad 2,869 783.§ 
Lepomis Spp. : 4% 14,3
White crappie g -8 B - 0.2
Channel catfish , '26 f?jo.g
Bullheads 1 0.03
Unidentifiable larvae 42 1.2

Total 3,830 9.9




] 'Mdy when 44 7 larvae were coltocted per 10 m3 of w ter samplrd (Po:aa and
’—'iv‘Tranqutlll 1981) - Peak aens1ty at! the Coffeen Power Station ogcurred 12- 3 Jane
vwhen 18. OS larvae were collected per 10 m3 of water sampled (Table 12,11, '
Dens1t1es of fish 1arvae were highest from 1ate May through late June (?6 27 Ma ay
to 23-24 June) ' Fo‘low1ng the 23-24 June co]1ectlon, entrainment den51t,e
declined and remalned be]ow 1. O/iOn3 except for 3 small increase in ea:iy

August attributable to a second peak in Lepnm1> 5P+, spawning activity. G1zzard
shad were collected from the m1dd]e of May to the middle of July with peax' 7 :
densities reported in early June. Lepomis spp exhibited two peaks in dens1ty, ,
one in early:June ‘and another in early Auqust. White crapmD were collected ™
from the ml“ile of May to the middle of June. "hannel catf!sh were collected
only in dune, with peak dnnsvty occurrwng on:9-10 June

To ‘assess the 1mpact of entralnment upon the f1shery of Coffeen Lake an
lnstantaneous standing crop" of larval fishes was estrmated and the percent
loss to that standing crop was determlned This evaluation of centrainment
losses. was conservat1ve, ie., worst case, in two regards First, entra«nmcnt
mortal1ty was assumed to be 100 percent, nowever, recent L. studies have
_denonstratedwﬂnﬁteﬁnﬂlde range _in morta11t1es of entrained organlsms (1% to
100%) ‘exists and varies from plant to plant and between species (Marcy 1971,
Cannon et al. 1978, Schubel and Marcy 1978). Second, "instantaneous standing
crops" were calculated not from the mean of all 1chthyoplankton tows /Sectlon
:', 10, here1n) but from. the Tower- 68% conf1dence Yimit in order to yleld a more
conservat1ve estimate of the abundance of .larval flshes in the reservoir. Data
‘presented in Table 12 12 demonstrated that the percentage of the larval g1zzdrd,
‘shad standlng crop entrained increased progress1vely from 7 May until 18 June.,
'At ‘maximum standing crop (4 June) the entrainment process accounted for a loss
to the standlng crop of 1. 4 percent. The continued increase in percent 1055 -
after 4 June probably ref]ected the increased size of larvae and the ability of .
the entra1nment samp11ng system to collect' larger specimens than could be
,captured in 1chthyop1ankton tows: After 18 June larval densities of shad-in the
f.,'reserv01r were too Tow to calculate a standing crop estimate. tntratnment
5 'lnduced mortalwty of Lepomls -Spp.. larvae appeared to have m1n1ma1 effect on the'

"tandlng crop of those laryalw shes.
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Table 1211,

"Entrainmeﬁt‘fates {No./10 m3) of Iafvai
Station 5 May through 9 September 1980,

fishas. at the Coffeen Power

T
218

9

[y

.2

Collection - . Gizzardf' L Channel Unidentifiable
“Period Shad Lepomis ~ Pomoxis Catfish fishes Total
5~ 6 May —_ — — — — —
8 - 9 May — — — _ _ —
- 13Ma’y E — e —_ e —_— -
- 16 May  0.02 — — — — 0.02
- 20 May" 0.02° — — — — 0.02
- 23'May 0.19 —_ 0.02 —_ _ 0.2)
- 27 May  2.90 — — _ 0.30 3.20
- 30 May  5.80 —_ 0.09 — 0.39 6.19
- 3 June  10.05 0.80 — —_— 10.85
- 6dune  10.95 - 1.60 0.02 __ — 12.57
- 10 June 1.40 0.45 — 0.25 - 2.10
- 13 June  16.85 0.90 0.05 0.05 0.20 18.05
- 17 June 3.90 1.20 0.0 — —_ 5.11
- 20 June 1.45 0.50 — — — 1.95%
- 24 June 2,50 0.62 0.10 0.30 3.52
- 27 Jure 0.60 0.07 —_ 0.02 0.02 0.7
June - 0.60 0.20 - 0.02 0.02 0.84
July ,
-4 auly  0.20 —_ — — —_ 0.20
- 8Jduly.  0.40 0.07 _— i _— 0.47
-1 duly  0.60 0.04 —_ — _— 0.64
-5 duly 0.2 0.07 — — 0.02 0.3
- 22 July — -— —_— FE— 0.03 0.03
28 - 29 Wly  — 0.12 m — — 0.12
4 - 5 Aug _ 1.02 —_— — - 1.02
| - 12 Aug 0.30 3.30 — —_— 0.04 3.64°
19 Mg — 0.20 — — — 0.20
25 - 26 Aug . — 0.20 — . —_ 0.20
2 - 3:Se§t,n — 0.30 . —_ — —_ 0.30
5 g B N L L B N




Table 12.12. Heeily "instantaneous standing crop® of gizzard
: : ~ shad larvae and the percent lass to that
standing crop attributable to entrainment

V mortality,

: , : Standiﬁg 7' Percent
Date , crop (x103) ~ loss
7 May B Conans
WMy 75090 0.04
2iMay 14,397 000
MMy 08,7589 0.55
4 dune 155,595;6 140
nodwme 41;795,0 I 4.60

18- June o vaemss 1330

32.33




ibat ﬁime (Table 12.13).  The highest percent loss [8.6%) to the Le epomis
standing cfop occurred 13 August, appro ximate!y two weeks after the af:ﬂa’*f
of a second peak in spauning activity on 30 Jul/

As a means to \nnovat*vely sample the entrainment of fish larvae, two modified
Haxte-O‘Grady samplers were constructed and opereged on a weekly schedule 7
immed1ately in front -of the Coffeen Power Station intake screens. A total of-
Six larval fish were collected in Waite-0'Grady sa‘ﬂ‘°f< Each weekly sample (3
May-13 June) consisted of a total sampl1ng effart of 186 minutes. Obviously, -
this method, as applied in this investiqation, was wholly 1nnffectaa! :
lneffectiveness of the samplers was apparently related to the pooT pe:formance
of the submersible bilge pumps

12.34




Tab\eflz;iS;f,ngkly “instantaneous standing arua" of Lepomis
oo T spp. larvae and the percent 1oss to that
standing crop attributanle to antratnment

mortality,
S Slanding ?erzen£
Date 7 crop (x103) “loss
28 May L%
4 dune 501,811.6 o 0.05
N odune 128,099.0 o
18 June 30,396.4 o 060
25 Juﬁe' S 11,941.4 0.6
2y 15,740.9 0.3
9 July 208.5 . A4n
16 ngy"' , 1,465.5 110
23 July 298.5 .
30 dly 15,469.6 0.20
6 Aug 1,127.2 g 2.0
13 Aug 8,684.7 860
ZO'Au§ :,:; 8.684.7 j:{gisz
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SECTION 13

SPECIﬁS COMPOSITION, ABLNDANFE, -ARD D!%TRIBUTION
- OF COFFEEN LAKE FISHES

by
Lanee;G. Perry and . John n;,Tranquilli

ABSTRACT

':One hundred ninety- two quantntative fish samp]es were collected in Coffeen Lake,
a thermally altered reservoxr Sampling was conducted bimonthly at four
samp11ng stations from: September 1978 through July 1980. A total of ?2 spec1es,
repvesentvnq 14 genera, seven families, and var1ous Lepomis hybrids were
col]ected Gizzard shad (Dorosoma. ceped1anum) and bluegill (Lepomis o
~macroch1rus) dominated the numerica] catches representing 40.8% and 28.2%,
respect1vely, of the tota) fish catch. Six species accounted for 94% of the
r-total catch by weight; they were, in order of dec:eas1nq abundance: carp
:{Cypr1nus carpio), gizzard shad, largemouth bass (Micropterus salmoides),
“channel catfish (Ictalurus punctatus), bluegill, and white crappie (Pomoxis
:annular1s) Greatest fish blomass was obtalned at the thermally ambient
sampl1ng statlon*FETT;ned by the heated station: Go]den shlners (Notem1gonus
1chrysoleucas) black bu11heads (Ictalurus melas), and whwte crappies. were found

~ to be d1str1huted pr1mar11y in_ambient areas. G1zzard shad, a!though more

widely distributed, »_Were aiso found in greatest abundancc ‘at ambient locat\ons

e el i et s e Y

;'Channel catfish were encountered most frequently at the hea ed samp!wnq statlon

“which suggested a gggltlyg resquse towthe e1elated thermal _regime. Other

o spec1es were equally dlstrfbuted throughout the lake or exhibited a spattal

nfdlstributlon which was unrelated to the thermal gradient. Surfece water

";:temperatures were found tg_exert_a highly. S]gnlflcant influence on d1str1hut1ons

' 1of most species. Several other environmental variables are discussed as
',fpotentlally 1mportant factors governing the dlstrlbutmon of fishes in Coffeen
15Lake. : L '

3.0




lNTRODUCTION;

hlectrical power gene:at1on from fossil- fuels :equ\res the use of larqe volumes:f
of surface water to dlSSlpale waste ‘heat and occasionaily to transport other by-._

products of the generatlon process Construct1on of cooling lakcs is a common

approach to insuring a ready- supp]y and sufficient volume of water to meet: thesed

demands Although such lakes are usua]ly corporately constructed, owned and
operated the Clean Water Act amendments ‘of 1977 (PL 92- 500) still apply, i.e
lTake water quality must be suitable for protectlon and propagatmon of fish,
shellfISh, and - wildlife bv 1984. Consequently, impacts of chemlcally and
thermally enrlched effluents in cooling water impoundments are of some concern,
and have prompted a conswderable amount of research focusing on-cause-effect
- relat1onsh1ps in those systems: (Glbbon and Sharitz 1974 Esch -and McFarlane
1976, Thorp and Gibhons 1978, Ta]mage and Coutant 1980). Nonethelcss, many of

e e e

- the long- term effects of excess heat, a by- product.anherent_Jnﬁboth bltdm\nous

PO

and nuclear production processes, rema1q,large1y .speculative. Flcvatlon of

“ambient water temperatures t~ levels that -are dlrectty lethal to. f1shes is one

L

po~ent1a; 1mpﬂht of -artificial temoerature 1ncreases, but that factor alone-

probabl .nnt“pose_n_gﬁﬁéﬁ‘threat to. f1sh commun1t1es din v1nw of the
temporary and localized natureug_~such everts. Less obv1ous but equally

'1mportant are stresses that are -induced at%sphletha) temperatures, insofar -as
' theyrexceed opt1ma, since these may tend to alter normal phy51olog1ca1 and

: behavioral functioning of exposed fishes. ~Sublethal heat stresses could be

- manifested through various pathways: by a reduction in dissolved oxygen, by
“increased susceptibility to poliutants, diseases, or parasxtes, by modification =~

- of jnnate,behaVioralfresponses associated with reproductive activities,

predator-pray interactions, or'territoriaTity,'and hy,alteration of normal daily :

and seasonal activities such as feeding and movements. Thermal 1mpacts are not

VWfqgggggaril!;ggtrtﬂgntal to fishes, however. .Benefits of thermal Ioadlng may

" include enhanced spawn1ng success and Ionger gvow1nq seasons (Gamnon 1973,
F?iTraanIIlr et al. 1981) ’ e

o Currents estab11shed by c1rculat1on of coollng water may produce a more
*favorab!e d1str1but1on of nutrlents in closed- system cool1ng Iakes (Orew and.
’llton 1970) Xn short the process of electr1ca] power genexatxon may promotc

e Y



fchénges'in the natura) ihefmal and Chemical regimes of receiving systems which
~in tuknimay influence trophic leVel'interactions and promote changes in the .
~.natural processes of’fishes at the individual, population, and camnunitj levels
_of organization. ' . ' ’ '

:vAymuftiféceted,studjrof the fishes of Coffeen llake, a cooling water impoundment
1Lf0f Central I11inais Public Service Company's Coffeen Power Station, was
iinitiated in Sepfember 1978 as part of a comprehersive investigation"designedito,
“evaluate the suitability of the lake for supporting a desirable equatic
,,cdmmunity Data collection and ana]ys1s were conducted in an effort to assess
the- status and general well being of the lake fishery and to aid in ro!at1ng
those findings to the physicochemical and thermal characterisitics of the lake.f
3 WaJor objectives of this investigation were (l) to ascertain the species ,
compos1t1on of the Coffeen Lake fish communlty, (2) to estimate the:relative"
numerical and biomass densities of those species, and (3) to determine
spat1otemporal dlstr1but10ns of major species and ldentlfy envirgnmental
~variables that 1nfluence their d1str1but1on

MATERTALS AND METHODS

Three methods of collection Were utilized for sampling the fish community.
, These 1ncluded a 230-volt AC -boom- type electroshocker, 45.7-m (150 ft.)
experlmental gill nets each with a series of Six 7.6-m (25 ft.) panels of 1? 7
© 24. 5, 31.8, 38.1, 50.8, and 63. SAnm bar measure mesh, and a 7.6 m (25 ft.) bag
eseine This combination of methods was chosen to obtain %amples which were
: representative of the various habitat types W1th1n the Yake and representat\ve
'f'of the broad size range of flshes which typically comprise a lake commun1ty
',leferences in conduct1v1ty between sampllng stations nece531tated the use of
S two types’ of e]ectrodes with the e]ectroshock1ng apparatus Electrades ,
‘constructed of flex1b1e steel conduit (2.5 cm diameter) were used at Station}4
(Fig. 13.1) where conductivity was lowest. Because conduct1v1t1es at Stations '
{:]; 2 and 3 were generally h1gher, a ram1f1cat10n of the high total d)SSO]VGd

’ -
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sdlids cbntént of he watnr (ﬁectvon 3 herein), braided stee) cab e5 (6 d-mm
diaméter) were uttl17ed to reduce contact area h°Lween the surface of each

o electrode and the water. ~ The smaller electrodes proved to be more efficient. at,
= immobil)z\nq fishes in areas of high conductav1ty, presumably because’ they 7
7 established a more concentrated field of electrical charge compared to that

' produced by ‘the larger electrodes. Thxs method of electrede exchange was

. followed to eliminate or at jeast mlnimize differences in catch rates which may.
have occurred as an artifact of the conduct1v1ty gradient. - Our obsprvat1ons :
lndlcated approxtmate]y equal electroflshlnq effectlveness at the four. samplxng
stat10ns (see below) after this pattern of electrode exchange was adopted

F]ectroshock1ng. gill nett1ng, and seln1ng were conducted every other ionth from
September 1978 through July 1980, Each b\month\y collection included four -

" replicate substation samples (southwest, northwest, northeast, and southeast)
from_each of the fburhsampling stationﬁl (Fig; 13.1), Each substation sample
(-one unit of éffdrt) cohsisted'ofipooled'catrhe, from:  one ?4 h.experimenta)
gill net set one shoreline bag SP]HG haul approximately 15-m in distance, and 5
15 minutes of daytime- e]ectroshock1ng paral]el to the shoreline. Usually nine -
fveld days during mid-month were required to nbtaln the comp1ete !akew1de serles
of samples. Day one was ‘devoted to gill netting at Station 1 and se1n1ng at all
stations. 6ill net samples from Stations 2, 3, and 4 were obtained on day§'2-57
while q]ectroshockingzwas conducted onidays 6-9, usually one station per day.

A1l fishes were identified to species (except Lepomis spp hyhrids) with the a1d
df Smith (1979). Number of individuals and total weight (sum of 1nd1v1dua1
ueights).ih grams were recorded'for each species. .

Dwstrxbut1ons of the 13 most dom\nant species: and Lepomxs hyorlds (Table;l3.1) 7
were analyzed statlstlcally by utilizing biomass (catch/un1t effort in grams
transformpd to Log 19 (X7+ 1)) as a dependent variable in a 3-way analysis

|

,1The blmonthly sampling schedule was follonnd throughout the study except
‘at ‘Station 4 in January 1979 when an ‘ice cover prevented collecting attempts
:The. January 1980 sample-was collected.between 20-21 December 1979 (gillinet and
~seine-portions) and 17 January 1980 (electroshocklng portion). An add1t10nal
Station 4 sample was obtained on 19-20 Fehvuary 1981 (Tables A13.1 and A13:2,
~Appendix to. this: document ), immediately after ice-out, and was 1ncluded w1th
the January 1979 series to comp]etp that- ~sample:

13, 5
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of variance with year, month, énd station es independent class variables, and
surface water temperatures as 1inear and'quadratic covariables. A mixed model
‘was specifwed since years and months Were. “assumed Lo be random temporal
observatfons while station locatfons were established (flxed) by us. The main
effecfs of months, stations 5, and Lreatments (month-by-station interactioh) were—
subdivided into selected comparisons to facilitate detection of spatial and
temporal differences in fish hfomass The log transformation’ was performed
prior to analysis to stab111ze variances of treatment means. -Biomass, rather
““than numerica) den31ty, was used in the model ‘as a measure of fish abundance
since the total we1qht of a species is less affected by annual variation in
reproducflve surcess than is numercial .abundance. A series of part1al
correlatvon coeff1c1ents were a]so ca]cu]ated to identify relationships between
catch/effort of fishes and selected biotic and abiotic variables. The latter
1nc1uded physiochemical parameters and biomass densities of phytoplankton,
,zooplankton and henthos, data whlcn were collected commensurate with the fxshery
data (Sectlons 3, 5, 6; and 7, her°1n) The partxal correlation procedure
allows measurement of the 1nterre1atlonsh1p between fish catch and one other
variable while ‘all remaining varlables are held constant.

Knowledge‘of the extent of the thermal p!uMe in Coffeen Lake allowed stations to
‘be designated as either heated or ambierit based upon the degree of therma] )
enrichment at each site. Station 1, 1ocated near the thermal: dlschayqe, was
'subJected to the greatest temperature elevation, followed respectively by
‘Stations 2,3, and 4, each- progress1ve]y farther removed from the discharge
7(Flg 13.1). Station 4 exhibited Tittle if any therma) influence (Section 2,
herein);and was: accordingly designated as ambient. In addition, Station%a was .
“partially separated from the other sampling stations by a railroad causeway

(Fig. 13.1) which prevented longitudinal water movement except for that which
occurred through two concrete cu]verts'built into that structure. Sampl1ng
-stations are referred to by number or ‘as the "heated" or "amb1ent" station. rln"
fother Sect1ons of this report, only the terms ““heated" and nambient" are used to
5deSJgnate,a_samp11ng 1ocat1on.r Those terms refer to the following locations:
;fheafed‘; entire lake reach extending ffom'the:thermal—outfa]lrto Station 2
ff'elnclus1ve, and amb1ent = entire'lake'Eeach north of the railroad cauéeway (Fig.
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RESULTS

From September 1978 to July 1980, a total of 22 species, repres onuing 14 genera’
'fand seven families, were collected in 192 quantitative bimonthly samples,
'Hybrld sunfishes (Lepomls spp.) werp also common y encountered but specific
1dentvt1es represented in those crosses could not be determined with ceztaanty
_Gizzard shad (Dorosoma cepedianum) and bluegill (Lepomis macrochirus) d0m1nated
v ;the numerical catch, representing 40.8% and 28. 2% of the two-year total,
,respect1ve]y (Table 13.1). Green sunfish {(Lepomis cyanellus) ranked third in
‘numerical abundance (6.1%)'followedrby Yargemouth hass (Micropterusﬁsalmoides,
5.8%),'longearrsunfish (Lepomis megalotis, 5.3%), channel catfish (Ictalurus
punctétué, 3.7%), hybrid sunfish (Lepomis spp., 3.6%), and white crappie
1(Pomokis'annularis 2.0%). FEach of the remaining species contributed less than’
2% to the total numerical catch; these included carp (Cyprinus carpio), goldfish
(Cara551us auratus) golden shiner (Notemigonus chrysoleucas), fathead minnow
1(P1mephales'promelus),,bluntnOse minnow (P. notatusf, red shiner (Notropis
1utrénsis), river- carpsucker (Carpiodes cbrpio), quillback (C. cyprinus), white
“sucker (Catostomus commersoni), black bullhead (Ictalurus melas), yellow '
bullheadr(l.rnatdliS), blackstripe topminnow (Fundulus notatus), yellow bass
“(Morone mississippiensis), white bass, (M. Chrysops), and orangespotted sunfish.
(Lepomis humilis). ' ' '

Six épecies acbqunted for 94% of the total fish biomass during the two-year -
:study}(Table 13.1). They were, ‘in order of decreasing abundance: carp (31.5%),
;giizard shad (22. 0%)' largemouth bass (18.5%), channel catfish (11.0%), biuegill
'(6 9%Tf'§nd whlte crapple (4,0%) Other speciF{Ewn?an;;g~znntributions were:
igreen sunf1sh (l 9%) hybr1d'sunfish (1. 3%), and longéar sunfish (1. .2%).
':remalnlng species each contrihuted less than 1% to the total catch by we1ght
“As indicated above, numbers of carp were -low but their cons1stently large hody

-is17es contr1buted greatly to the total fish. biomass.

_nElectroshock1ng was the most cffectwe mothod overall for capturlng flShGS as

,fev1denced by numer1ca] and wexght catches 7% and 63%, respectwve]y,rofrthe :
3itw0 year total (Tab]e 13, 1) - In comparison, gill netting efforts aCconnted for
: f;lB% by number and 35% by welght whereas res pectivé séining,contribufions were

f13;8 E




E]éctroshockinq Was most selective'fdr carp and largemouth bass, gill nett\ng
for carp, the catflshes, and wh1te crappie, and scining for the >ma]af1 minnows '
*and sunfishes ' :

The tha] biomass of fishes captured during the two-year sampling period was -
~highest at Station 4 (1078.6 kg), followed by Station | (699.2 kq), Station 3.
; (677.4 kg) and Station 2 (625.0 kg). Monthly catches, in order of decreasing
~biomass were: May (848.5 kg), March (587.1 kq), September (561.6 kg), November
(390.2 kg), July (368.8 kg), and January (324.0 kg), Further classification of
catches by year, month, and station are given in Tables Al3,1 and Al3.?2
-(Appendix of this report) and Appendix Tables 11.1 and 11.2 (Tranquilli and
'Larimere 1980). Greatez_ggnth]y eggehgs dur\ng sprlng and fa]l seasons were

expected since fishes_are.n most active and abundant in shallow water at those
times, and moderate surface water Lemperatures generally prevail. N1th1n lake

Jocations character1zed hy extreme water temperatures (Stations ) and 4)
-produced. higher catches than thermally intermediate stations, but the Station 4
(ambient) catch was most pronounced since catches from al) stations within or

“near the cooling loop generally were 35-70% lower than the Station 4 total.

The analysis of variance model selected for evaluation of fish distribution
accounted for 27% to 74% of the variation in catch/effort of the species.
examined (TabTe 13.2).' Significant differences in average catch/effort between
years (i.e., averaged over all months and stations sampled during a given year)
were detected for three species: yellow bullhead channel rétfish, and hybrid:
sunfishes (Table 13. 2). A1l were found to be more abundant during the first
~year. Actual (untransformed) means for those speries are | presented in Table

, Y3}3.' It is assumed that those between-year differences in catch effort reflact

AN
~differing species densities, atmospheric conditions, or variation in therma] £?'
f

outputs during the two year study. Annual variation of the latter two variables
would in turn influence thermochemical cycles and water level fluctuations in
the lake, factors which could influence catch rates of certain species.  Since
iryears were spec1f1ed as random var1ab1es in the model, a random patterni1n '
t‘annual catch rates is assumed, and "average - catch/effort would thus exhibit ‘a
‘Jdeflnite annual trend only after repeated sampling. Similarly, the year-by-

/

Ylmonth 1nteract1on whlch accounted for a s1qn1f1cant amount of varxatwon in
; ' “13.9
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~Table 13.3. Average (N = 96) catch/effart {g) of Coffeen Lake fishes by
C - % sampling year, Sampling was conducted at bimonthly intervals.
~at four sampling stations from September 1978 through July
1979 and from September 1979 through July 1980. Specins
~tested statistically (t) and those differing s1qnxf\rantly
_between years (*) are denoted (see Table 13.2).

Specfes. . ' - 1978-1979° 1979-1980
t Gizzard shad ' ; e 3,912 3,146
t Carp ' 6,330 3,801
-t Golden shiner ' 38 : 42
- Other cyprinids : : 8 : 9 -
~.. Carpsucker-spp. , : 45 7 : 0
. White sucker : : -2 10
“t Black bullhead - ; : 94 85
“t Yellow bullhead* ' f ' ' 84 ~54 -
t Channel catfish* - : : - ' . 2,180 1,348 .
Blackstripe topminnow , : : 1 1
Yellow bass - 2 14
White ‘bass ' . : W -0 ' 5
t Bluegill : : : 1,180 o 1,029
t Green sunfish ERE :oL o353 272
-t Largemouth bass : ' 3,499 . ~ 2,435
.t Longear sunfish - . - 211 - 173
~'t Orangespotted sunfish - ' , 16 14
t Lepomis hybrids* - , , . 279 132
t White crappie ' . , 701 T 581
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':; catch/effort of p1ght SpPCIFS (Table 13 2), would be expected to influence
7°~catches of many fishes since spec1es dens1ties and atmospherlc and plant~induced
. effacts were not identical durlng the same months of different years; for
,'jexample during May of 1979 .versis May of 1980, - As was true for the annual
7 samples dlscussed above, our average year- by-month catches represent two random
o samplec la given month sampled during each of two ypaxs) selected from a-
hypothet1ca1 serles of -samples which are expected to be ordered- in a random
7 pattern with respect to fish biomass. Although year and year-byqnonth var1ab195
- together accounted for a significant amount of variability in fish catch, and
thus increased sehsitiyity of the F-tests by removing that variation from
residual error (Table 13.2), they are of less ecological interest than month
'i station,. and associated 1nteract10ns (treatments, since the latter were selected
to \llustrate specific spatiotemporal trends in f1sh distribution and to detecf
responses to the artificial..thermal grad1ent

The average catch/effort (averaged over all stations) of eight species differed

significantly between sampling months (Tabie 13.2). ~These included carp, b]ac?
’builhead, yellow bulihead, bluegill, green sunfish, ]argemouth bass; ,
orangespotted sunfish, and hybrid sunfishes. Actual mean monthly catches of -
‘,those épecies are presented .in Table-13. 4: Two comparisons of warm vs. 'cold
months were made (C1 and C2, Table lﬁf?) and 1nd1cated s1gn1f1cant[¥~hxgher

catches of black bullheads and go]den shwners dur1ng warm ‘months. Monthly

st

l;ﬁ;;;;; differences among the remaining species’ were not acc0unted for by those
: comparusons, but carp were encountered in greatest abundance in March and May
and in lowest densities in July and Septemher yellow bullhead catches were °
highest in September and November and were homogenously low in Janu1ry,_Marfh
and July; bluegll1 catches were h\ghest in May and lowest in January; catches of
green sunfish were highest in September and lowest in January; larqemouth bass
catches were: highest 1n May and 1owest in July; catches of orangespotted sunfish
were highest in May and lowest in Snptember, and Lepomis hybrids were '
encountered most frequently in March and beptcmber and in lowest densities 1n
July (Table 13.4). Average- ratch/offort of gizzard shad, channel catf1sh,
,]’,lqngear!sunfish,'and white crappie were similar over all sampling months as
:EQ eVidenced by F-test reSultsl(Tabie 13.2). B
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Table 13.4.

tAvérage (N-= 32) catch/effort {q) of Coffeen Lake fishes by =~ -
-sampling month.  Sampling was conducted at four sampling stations

~at bimonthly intervals from September 1978 through July 1980,
Species tested statistically (t) and those differing significantly

‘between months (*)

~are denoted (see Table 13.2).

- Months

Species Jan: - Mar May Jul: Sep Nov
t Gizzard shad 1,675 1,843 5,514 4,079 5,321 2,740
t- Carp* - 3,511 9,659 - 8,360 2,679 2,767 3,419
t Golden shiner - 69 41 53 13 45 20
Other cyprinids 12 <1 36 1 <1 L1
Carpsucker spp. -0 0 S0 0 136 0
-White sucker 0 7 15 0 0 16
t. Black bullhead* 114 62 74 35 102 152
t Yellow bullhead* 44 49 66 - 47 96 110
t -Channel catfish 786 760 1,633 2,085 3,671 1,648 -
Blackstripe topminnow <1 <1 <1 <1 2 2
Yellow bass 0 0 0. 0 42 RN
“White bass- : 0 ) 2 12 0 0
Bliegill* : 486 986 2,753 595 1,256 550
Green sunfish* 140 - 234 199 229 721 354
Largemouth bass* 2,630 3,795 6,584 . 767 1,819 2,208
Longear sunfish “165° 188 231 158 284 126 -
“Orangespotted sunfish* 5 14 49 - 18 <1 4
-Lepomis hybrids* 145 272 229 97 - 284 207 -
1te crappie 343 438 719 2711 1,005 630
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{15patial location of the samp]1ng sites also influenced average catch/effort
f’(averaged over al) sampling months) of ‘most (10 of 13) species examined, 7
r'SeTeeted comparisons of heated and ambient tocations (K1 and K2, Table 13.2)

: accounted for a significant amount of «axlat\on in the biomass of five spe ies

. Golden shiner, black bullhead, and white crappie WEre found Lo be most ahundant
~rat- semi amblent and ambientmgneas (Std::odgugqand 4, respect\ve}y) of”{he )axe
_7TG\zzard shad exhlblted a similar affinity for the ambient Tocation but were

- generally less restricted in distribution than the aforementloned species {Table
13.5). The greatest mean density of channel catfishes was found at the heated
station. (Qtatlon 1) which suggested a positive responsc to the thermal effluent .

and an ab1]1;y to adapt to the elevated temperature regime which. is
r;character15t1c of that_o;;E of fﬁe‘Take As was the case for gizzard shad, 7
rrhowever, channel catfish were commonly encoudtered at all stations (Table 13.5).
: Threeispecies (yellow bullhead, ‘green sunfish, and oybrid sudfishes) were found
“to be evenly distributed throughout the lake while catches of the five remaining '

species d1ffered between statlons for reasons other than those 1mpl1cxt in the

. heated vs. amhient compar1son. Inrgenera], catch/effort of carp increased w1th
increasing distance from the thermal outfall, catches of bluegill and Tongear' ‘
sunfish were highest at the heated 1ocat1on, and catches of largemouth_bass and

'oranqespotted sunflsh were. re]atlve]y hlnher at both heated and amblent statlonsj

' comparediggégherma1|y 1ntermed1ate ones (Tab]e 13.5).

Influences of 1nteract1nq month and statlon varlables were related to
51qnf1c1ant1y different catches of seven spec1es gizzard shad black bullhead ;
—,yel]ow bullhead, channel,catflsh, longear- sunfish, orangespotted sunf)sh, and
white crappie. Four of those species (black bullhead, channel catfish, orange-'
5 spotted sunflsh and white crapp1e) responded dlfferenfly to neated and -ambient
Tocation on-a seasonal basis as judged by se]ected comparisons of warm vs. cold A
: months in association with heated and_ ambient stations (L x K comparisons, Tab]e’
- 13.2). Those 1nteractlons are ilNustrated in Fig. 13.2. Black bullhead, : :
ifchanhel catfish, and white crappie catches increased during warm months, but the:
:,magnltude of increase was more pronounced at either the heated or ambient , :
v_f locat]on. For Elggiﬂggllﬂgﬁé_gﬂﬂ_gﬂl&gNQQQQp1e,‘the increase at the amblent
i statlon exceeded that whlch_ggcunned.ahwhhe,hgated station, while the heq&ed
E station 1ncrease was relatlvely more pronounced -among - channe] catf1shes
: A 13.18




vaablé 13.5. ‘Average (N =
~ = .sampling stations.

48) catch/effort (g) of Coffeen Lake fishes by

Sampling was conducted at bimonthly int»rv3;s

“from September 1973 through July 1980. Species tested -
statistically (t) and those differing si

nificantly betdpeni‘
stations (*) are denoted (see Table 13, 2? ,

et adias ‘

242, . 253 744

ki ' : o Stations -
“Species “T{heated) 2 - 3 4lambient) -

Gizzard shad* 3,528 3,155 2,830 4,602

L Carp*. , 2,461 4,875 5,009 7,918
Golden shiner* s 32 23 101
Other cyprinids 0 4L : <1 33
Carpsucker. spp. 0 0 9] 0
White sucker , 0 0 -0 26
Black bullhead* 18 12 . 38 290 -
Yellow bullhead* 47 , 58 79 290
Channel catfish* 2,521 - 1,337 1,165 2,032
Blackstripe topm!nnow , 0 . - <1 2 : 1
Yellow bass © 0 0 © 32 0
White bass’ .0 0 5 4
Bluegill+* 1,490 - 904 1,040 983
Green sunfish 221 © 257 ©425 348
Largemouth bass* 3,455 1,876 2,219 4,319 -
Longear sunfish* 290 106 198 173
Orangespotted sunfish* 12 - 5 3 44 |
Lepomis hybrids 276 150 210 188
Wﬁite crappie* 1,325
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-Fig. 13.2." Significant differences in catch/effort of selected Coffeen Lake
: fishes due to month-by-station interaction effects. Heated and ,
ambient refer to Stations | and 4, respectively, -




'Orangespotted sunfish catches were generally higher du'ing cold moﬁth ‘than-
'dur1ng warm months and between-month dxfferences in magnitude of Ld’Ch were more
j'pronounced at the amb1ent 10tat10n (Fig, 13.2), :

:‘Sutiggg«ggter temneratu;etwag a <1gntf1cant env1ronmental factor qovern1ng f1sh

= distribution—as. Judqed by 51qn\f1cant correlat1on§ between temperature and ftsh
: dens:ty‘(Table 13. 2) Spec1es which responded to {Hc:easina temperatures in a
positive manner included g{ﬂzand*shad‘ black bullhead, channel catflsh

bluegill, largemouth ﬁ,is,~Jnngean_sunflsh,,QLﬁnggspotted sunfish 2 hybrid
Sﬂﬂfléﬂl“iﬂﬂﬂﬁbliﬁ,ﬁL.Pp‘e- For those species, significant co:relatmons between
: catch/effort and water temperature were detectcd for both: linear and quadratic
covariables. The linear correlatidn was a more precise descriptor of the

. catch-temperature relationship for ng7ard shad, black bulthead, channel

' catf1sh bluegill, largemouth bass, and white crappie while the quadratic

. regression model was more accurate in describing that relationship among longear
sunfish, orangespotted sunfish, and hybrid sunfishes, indicating 1ncreaswng )
catches with increases in water temperature up to a point, after whlch a declwne

in catch occurred as temperatures rose further,

Partial correlations were made between catch/effort of five major forage and -

" game species and 21 environmental variables measured concurrently -at.each
station (Table 13.6). In this analysis, water temperature was identified as a
- highly significant influence on catches of gizzard shad,'largemouth bass. and

j Leﬁomis'sunfishes (pooled catches df:Lepomis spp.). The linear temperature .
relatlonshlps were positive: 1nd1cat1ng increasing catches with increasing water
1 temperatures, while the parabo11c (quadratic) correlations, which described the
catch/temperature relationship more prec1$e1y, were negat1ve, indicating that
hlghest catches of these species were obtained at moderate temperatures, -and the P

decline in catch/effort at high temperatures was more extreme than was the
decline at low temperature

Several other environmental varlables were 1dent1f1ed as potentially important -
factors governlng distributions of certain species. A positive: correlatlon Was
found between total phosphorous levels. and channel catf1sh densities (Table -
:']3 6) For largemouth bass, a positive corre]atxon was detected between

: : ~13.21




Partial correlation coefficients (r1.2. . .21) between average
catch/effort of selected Coffecen Lake fishes* and 71 environmental
variables measured concurrently with fish catch, Significance

~ Table 13.6,

probabi}ity,Jevels‘are; * =

10%, ** = 5%, and *** = |¥),

'Gizzard

Channel

Largemouth

Lepomis White
Variahle Shad Catfish Bass spp. Crappie
~* Total benthos S 0.32 0.05 -0.34 -0.28 0.18
- * Oligochaeta ©-0.26 -0.39 ~0.14 0.03 -0.45%
* Ephemeroptera -0.26 0.06 -0.18 = -0.31 0.02
- * Chaoborus -0.03 0.12 -0.30 -0.10 -0.15
* Chironomidae - ~0.08 -0.35 -0.215 0.17 -0.28
~ Total zooplankton ~ ° -0.26 - -0.01 0.45% 0.07 -0.19
Total phytoplankton = 0.02 0.23 -0.03-~ -0.33 0.323
Chlorophyta ~=0.08 0.20 0.61%x: 0.39 0.16
Bacillariophyta - 0.14 0.08 -0.06 -0.19 0.04
Cyanophyta 0.00 .38 0.29 0.52%* 0.35
Temperature (linear) ~0.55*%* 0.18 0,80**x - 0.49* -0.03
Temperatures (quad) . -0.69%** -0.36 -0.B5**x. -0.51* -0.27
Turbidity 0,14 -0.19 -0.127 ¢ -0.36 -0.18
Alkalinity 0.33 0.40 0:.44% .. 0.49* 0.34
Hardness -0.07 -0.32 -0.22-. - -0.34 -0.39
Sulfate ©.<0.06 0.00 -0.19° -0.37 0.08
™S - 0.10 0.04 0.05 0.19 -0.06
pH 0:24 0.14 -0.02: 0.07 0.21
Dissolved oxygen -0.40 -0.39 0.08 0.06 -0.37
‘Total phosphorus ~=0.01 0.46* 0.19- 0.46% 0.26
Total nitrogen -0.38 -0.40 0.36 -0.43

-0.10

~ *Biomass values transforméd‘to'Loglo (x+1).
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‘catch/effort and total zooplankton biomass, green algal {Chlorophyta) biomass,
;@nd qfkaliﬁjty level. - Sunfish (Léggmig'spp.) catches were positively correlated
“with blue-green algae (Cyanophyta) and alkalinily, and white crappie exhibited a
negative correlation with oligochaete biomass densities, The importance of
—-water temperature in governing distributions of certain fishes is clear upon
~examination of these data as well as those obtained in the larger ana;ysas of
“variance model (Table 13 2).

DISCUSSION

‘The current assemblage of fishes in Coffeen Lake, as judged by the species
'composition'of bimonthly samples ‘and cove rotenone samplés (Section 14, herein),
is comprised of seven families, 22 species, and various Lepomis hybrids. ~The '
:composite Specieé Tist previbuslyrcited;for Coffeen Lake {(Lopinot 1970, Ecology
- Consultants, Inc. 1977, McNurney and Tranquilli 1979) included seven species not
' found in this study: Jlake dhub (ﬁouesiué plumbeus), emerald shiner (ﬂgtropis
‘atherinoides), common shiner (N. cornutus), creek chubsucker (Erimyzon
'dblongus). mosquitofish (Gambusia'affinis), warmouth (Lepomis gulosus), and
yellow perch (Perca flavescens). Species identified in this study that were not
~previously reported include: -goldfish, red shiner, fathead minnow, river i
carpsucker, quillback, white sucker, tadpole madtom (Noturus gyrinus), yellow =
',bass,-and white bass. The presence of éubstantial populations. of channel
catfish, largemcuth bass, and white crappie in Coffeen Lake is: part]y exp]awned
hy efforts to stock those species in the mid-1960's (111. Dept. Cons., Div.
_<Fish. f1les) Other extant species were apparent]y part’ of the original McDavid
8ranch fish community or represent 1nc1denta] ‘introductions.

Methods employed in this investigation were similar to those used by Tranquilli
et al. (1970) for-sampling fishes in two other central Illinois reservoirs:

Lake Sangchrxs, a coo]1nq water reservoir in Sangamon and Christian Counties

: operated by Commonwealth Edison Co. , and Lake Shelbyville, a flood control
—resery01r in Shelby and Mou}tr1e Countles operated by the Army- Corps of
Engideers.'iwhenréquivélént units of fishing effort in the three 1akes were
;compéféd (gil1 netting, seining, and electroshocking efforts adjusted to- ' :
f‘represent equ1va1ent units of sampling effort), the catch of f1shes in Coffeen’
= : 13.23




7 diverse than [he “helbyyd
species) but: comparable 1o the Sangchris community
first and gizzard shad secend in biamass a1 each of

bass ranked third in biomass at the two Cooling lakes ang

Shelbyville. Predatory gamef igh éatches by weighl were:r 25.7% in Soffaan

26.6% in Lake Sangchris, and 25.6% in Lake Sheibyville, based upon the tot3l

weight of all fishes. Con;r§butigbs af maior cport fishes in thase three Jakes
rewpectively, wgke: channel catfish-5,9%, 4.7% and Z.GE, %grgemnu{h
bass-17.4%, 16.3%, and 5.6%, and white crappie- 2.5%, 0%, ang 7004 M Nurney
and :ranqu1lll [1979) listed swvera¥ general characterisiics of five LéﬁzraE

N linois reservoirs {including Coffeen Lake) basad ;gun';un%dvab!e'gigheriés and
limnological SUrveys, Theilakes ﬂypica\}y Supportﬁ;,?dfﬂp pnnulat;%ns of
gizzard shad, catfishes, and sunfishes. Carp werc sisudlly low in numher Ld!
comprised a larqe portlon of the total fish binmass, Pigr vy e %ﬁﬁﬂif
generally represented 23-354 of the stand:ng crap bionass of all species. Th@
findings of this study are generally éonsistsnt With that charac terization,

iargémoutn bass are the most 1mportant prﬁda;grs infoffesn Lake and Lakn

M ot et i, S o i TN e o e o ey . e

Sangghrlsﬁas.gudged by.standing crop “and caten/effort data j !ranquzlli et 31.
(1981) maintained that a high produrtvvliyvg?viarqemautn hass aver -an 1l-year
pariod in Lake Sangchris was a result of enhanced spawning. success and Jonger
[i_grow1ng seasons 1n thermaI]y-en|1ghed areas. Drew and Tilton ;!9/0) fﬂund'thgt
cooling lakes in Texas also remained highly productive over a long period of
‘time. They attrlbuted their findings to reducnd stratification and a more.
heneficial d1str1butlon of nutrients in those lakes. Ia addition to Lh0>v'
phenomena, the Loffeen Lake bass population may ben»fwt tn part fron »Llat\voly
low fishing mortality since the lake is not open to-fishing by the general
"publlc. Trepassing fishermen were freauently ohserved on the 1ake but thir?
impact on the bass popu:atlon 15 unknown ' '

'The self- SUStﬁJDIDQMCBPab]]1ty of the channel catfish popu1at\on ln Loffeen Lake

. was surprisinq in view of the 1nab111ty of Lhas spec1es to :@producn in othe.

i e i

Illino1s reservoirs Lhat are not fed b

maJor tr‘butar1e° and wh\ch conta\n'




|

'takge'papuéatiﬁna ! przda

-~ Wabash River, Indiana, populations of channa!

- channﬁl catf1sh.

I

(léﬁl);ﬁpecu!aied that elavated tesparsls

~ thermal discharges ma,jhavg enphancad spdaning Gooreis

numbers in thermally expased areis becyise of
(Gammon 1973), - Thus, thermal efflyents ang
as environmenta chpovents of Toffeen &aa

The orientation of fishes Lo a thormal 47 ucharge, S fnets s
relative Lo such inputs, has been studied in Slher "y

.S, Witt et al, (1970) found that gizzard shad were 3ttegetos iy

thermal outfall in Thomas Hill Reservoir, Migopur:.

of Bull Run Steam Plant an the Clinch River,
thermal attraction among shad gur€n§ the spris
discharge of heated water was inte;runéed. Tranquilli at 3, ¢
significantly more shad in heated areas relalive Lo arhient arcxs
Sanqchris, ‘but the species was found Lo be widely dintrihitoes Ehrsughoat Che
Take. - In contrast, Mcheely and Pearson {Eé?d;'?auﬁs N E Bl pyenty

distributed throughout 3 Texas cooling Jake during 311 seasnns, and %gt Togge

(1975), instudies of Lake Arlington, Texas, found no 4ifforence in relative

i

abundance of shad between sampling stations or betwpen seissns . u?%ﬁﬁﬁaﬂ Lo
catch/effort of qizzard shad in this study was highest At the ambien

their density in Lhe thermal dtscharqe dzea was i ﬂhp- than  Lhat 3t either of
two thermally- intermediate stations,

The affinity of channel catfishes for thermally-elevated aress. as demonsty 4t od
in this study, is supported by- Oryer and Benson {1957) wha founi aggreqgatiang gt
channel catfish in the _discharge harbor of the New Johnsonville Stean Plant an
Kentucky lake from mid March through July. Gammon 11973} found thai channel
catfish preferred the moderately elevated water temperatures below a Lhﬁ!ﬂa!

outfall to either the warmer dlscharge canal area or the ambient arey abnvn the

outfall Seasonal concertrations of Lhanncl utflsh in thermally affected 31y5§

o of- Lake Sangchrls were reported by Tranqu1ll1 et at, (1981}, Ihn biar»
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CSTANDING CROP [STIMATES 0f (OFFEEY AL ¥

Lance 5. Perry and John A, Trangailis

CABSTRALY

Two estimates of the standing crop bhiomass of fighgc acre ohtained $rom vach of

two locations in Coffeen Lake by cove-rotennne techriques. The I9ECAGE HIOMASE
G of éll specias was 436.9 kg/ha, “Sjor contribyling ﬁaﬁfiﬁs in grder of
rdecreaSan biomass densities were 31zzard shaa Lepem}s sunfisnes, channel

- catfish, carp, and largemouth bass, Lwoeﬂ-rovc differences in biomass
_densities of fishes are discussed and average bionass valuas far selectad

* species are compared to aveaagés dﬁr!(ﬁj from sther rv‘ﬁr.91s3:ihruuqh3a‘ s

~United atates 3 S : ' : o
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IRIRODUCT 0%

Esiimalion'qf the standing crop biomass of fishes in RELLANE r@s»rfsira RS
often accomp lished by applying rotesone, a fisn toric Lant, 1o 4 selected cove Or
other iso}ated section of the lake habitat. linlike mest ather fisn 69%staztug '

<methods, thxs technique ¢ neither s;ze-se}eztive ﬁ;raspecies-ﬁe%ectige when
appropriately conducted, and thus is of greal utility for maxing direct
comparisons of biomass densities be{Wﬂen species popelations of 3 qivap'}akf. -
“aud hetween populatlans inhabtt'ng d:f!eren{ 1akes or within-take habziaLs 77
Primary objectives: of this study were (1) to es stimate the Standing CY?Q binmass -
of fishes 1nhabit=ng Coffeen Lake, a thermally altered reservoir, {2} o '
identify fattOrs which may influence spatial differences in b11ﬂ§,s densities,
and (3) to compare denswties of selected (offeen Lake: species 1o xnﬂanrhlﬁmdss n
densities of conspecifics in ather heated and unheated reseruéérs. '

" MATERTALS ANG METHODS

Fgur estimates of the standing crop biomass of fishes were abtained, tey {rom
each of two locations (Fiq.:}3.l, Section ljg'hereinEL The ng%th cove 10,58
hé); located in an area of ambient water temperatures, was sampled on 20-24
August 1979 and the south cove {1.59 ha), whi{h was near Lhe ceater of the
chling loop, was sampled on 8-11 October 1979. In 1950, Smmii»‘»r‘\u at the north
ébve was conducted'On 25-27 August and at the south cove on 20-23 Dctober.
Routine pronedure on the first day of sampling cons:sted of isolating the target
area from the main ‘lake channe! with a block net. Two different nets were used,
In 1979, net dlmenSIOns were 91.4-m x 3.7-m and in !980 9.4 x 6,1-m '
Rotenone was applied to the isolated cove and mixed approximating 3 | ppm
cdncentration. Ali'stressed fishes were collected as they ro$é to the surface,
identified enumerated, and weighed.  The cove was detoxified with potass ium :
permanganate ahout" four hours after: rotenone application, Co?lection*of fishésfi
, continued for an add1tional 3 days, thh the" block net in placn Lo insure




insure iamb!eta recovery of specimens,  The bigmass of individaals

during that period was calcuiated from known weight-length relationg

fresh specimens (first-day follections} in nrder
medsurement. of partiaily degompe ed specin mong. i
herein represent best estimates for recoversd SﬁPC{Mﬂ"%‘ that 1, g
egtrapolatlows were perfarmeJ to estimate weights of fishes that aewi‘vvi after
amp)tng was completed. ' '

CRESULTS AND DISCUSSION

Fifteen species representing 10 genera and five families were collected in cove
rotenone samples (Table 14,1}, The tadpaie madinm {NoLurus gqyrinus} was the

only species represented wﬁich was nol encountered in aur himanth}y‘%;mp’es
(Section 13, herein). Gi;;e;dVshad‘were,deminegirhy nunber ang weight in both
Coves semp}ed {Table 141 ahd'ia.Z). As a gréup, the smaller sunfishes {Lepomis
spp.) were second in importance numerically, followed by channel catfish ang
largemeuth bass. Bluegills ranked second, behind qizzard shad, iﬁ:ayefage cateh
by weight followed by channel catfish (Iah¥e 14,2, The other srnd@is
sunf:shes, carp, and la:gemOJth bass represenzed “intermediate acight catches
overall

Between-cove differences in-numerical abundance of fishes were Mas Lo nranounc ed
for the;Lepomis sunf ishes. - “Although catches were quite variable gver the
two-yeaf period, tperyje)gwgg_smqll_spnfishes'wagrgenerally qreater at the north
ﬂggye,(Table 14.1). Less pronounced, butmaiée'ﬁere abundant at the nsrthern ”
ldcatibn were black bullheads and golden shiners. . About equal bﬂidLPn cave
"“mﬁilf?l catches were evident for largemouth baa ' ve!‘ow hu1xhead —and carp.

The denS\ttes of gizzard-shad, channel catfrsh 'wkyrn crappie, and bgagxstrspe

topmlnnow fluctuated greatly, but no betweenzcove differences were’ gqge5ted by
the catch data. ) .

Biomass differences between _coves generally :ef%erted numerical daffvrencos in
~that Lotal welights of Lepomxs sunt {shes, b!ack hailheads and golden shiners
; were noticeably higher at- the north cove (rab}e 14, 2)y nizzard shsd,ichannei
ratflsh carp, largemouth bass, yellow bul!head and white crapbie;eéhsities

' = e 14.3 Ca




Table 14,1,

“depicted in Fig,
'3forder of decreas:nq averagr auundar:p

Lake-wide average

e T e SR

Numprxcai ahundance (numbey;hcctase; of fﬁffeﬂq Lake !1§ﬁn ¢
10 cove rotenone samp}ns diring 1979 ang 14959,
b {Sectinn 13, hereinl,

!q;{.\
Species

Yocationg dre

collected

Morth Cove

" South Cave

T Totals

L AT (N = 4) (0.51 ha) “{1.59 ha
Species Fo. /ha 4 1979 1980 9 197
~. Gizzard shad- 10,197 18.9 < 14,676 7,¥75 9,462 9,476 =
= Young-of -year Lepomxs 5,870 28.1 4,841 10,857 5,494 2,286
s Bluegil) : 2,245 10,8 5,096 1,839 1,633 413
- Longear sunfish C 743 3.67 1,737 657 225 352
. Channel catfish 1460 2.2 524 263 685 367 -
- Lepomis hybrids 346 1.7 800 163 T 224 197
~-"Breén sunfish 285 1.4 559 333 138 b2
2= Largemouth bass 255% 1.2 202 269 269 S 279
- Orangespotted sunfish 138 0.9 410 161 181 [
- Blackstripe topminnow 80 S 0.4 39 157 =104 15 -
' Yellow bulthead 68 0.3 82 n a0 43 -
. White crappie 42 0.2 - 49 0 96 i
“. Tadpsle madtom 32 0.2 69" 55 2 G-
- Golden shiner 30 0.1 41 47 22 o W
S BYack cbullhead 19 0.1 59 ¢ 4 4
= (young-of -year) “{831) , (3,325) ' .
o Carps 8 <0.1 6 12 9 5
- Red shiner 2 <0.1 5 0 0 0
21,700 29,192 25,394 13,678 !3 529




© Cove 1orat:on5 are depicted in
Species are last@

“"Table 14.2, Biomass (kwlograms/hectarn) of Coffepn Lake fishes cotlected in cove .
v o rotenone samples during 1979 and 1980,

Fig, 13.1 (Section 13, harein},.
~decreasing average weights,

in order of

Lake-wide average

North' Cove.

South Love

R O T (0.5 na) {(1.59 ha)
Species G 1979  T980
Gizzard shad .5 “61.1 353.6777186.9 - 243.6 .9

<. Bluegili | 11.9 122.1 - .2 27.1 9.1

= Channel catfish 6 7.9 40.3 .5 41.0 29.4
Longear sunfish .8 4.5 46.6 - .2 5.4 9.0
Carp - .9 3.2 15.0 . 20.0 - 9.5
Green sunfish 6 2.4 17.3 16.4 6.2 2.4
Lepomis hybrids 8.6 2.0 13.4 3.3 6.7 5.9 .
?oung-of—year Lepomis 8.2 1.9 4,2 15.3 4.8 - 3.5

- ~Largemouth bass 7.7 1.8 7.1 6.8 58 .10.9

- White crappie 4.6 ° 1.1 - 4.4 0 ng . - 3.3
Yellow bullhead : 3.5 0.8 3.9 4.6 “3,4 2.1
Orangespotted sunfish 2.2 0.5 3.9 3.0 1.8 <01
Black bullhead 1.3 0.3 3.9 0.8 0.2 0.2
(young-of -year) (n.9): (0.2 ' (3.4 f

7 “6olden :shiner 1.2 0.3 1.4 - 2.2 0.7 -0.6

 Tadpole madtom 0.1 <07 0.2 - 0.3 0. .l

. “Blackstripe topminnow" 0.1 . <0.1 0.1 0.3 0.1 <01

% -Red shiner - <0.1 <0.1 0.1 0 0 0
-Totals 437.8 642 9 377.3-




"-wCrevmore comparable between coves, although highly variable for cerlain of
tho%a w@cies.  In general, the variatlon whrch wWas Pncounggrcd belween sampies
1',obSLured aqy thermal 1nfluen .05 Lhat maj have affected species densities.  Thus

the greater numerical and hiomass densities of certain species Al the parth cove -
cou1d have been related to the amblenL,tempPraturg regime (hdfu((wrlstlr of thxt

for a more deta\led analys1s of therma1 effects on fvsh distribut 1on)

Total numerical catches were “about 254 lower in 1980 than in 1979 but 3 betnoen-

: yedr dlsparlty in blomass density was only evident at- the north cove {Ta'le
‘]4 2).  Numbers and weights of gizzard shad, channel catflsh, and adult
sunfishes (Lepomis spp) were lower at the northern location in 1980 which
1arge]y accounted for the between-year difference. It is noteworthy that the

~jsurface water elevation was about 37 cmrlOWef in 1980;than'in 1979 {at the time
of sampling), a factor which probably contributed to lower catches of sunfishes, .
and possibly other species, since much @f théVIittoral zone vezgetation was
exposed qbove'the water surface and ﬁhus inbtcessiblcfto fishes as habitét.:
Anoﬁher anomaly of the 1980 north'cove sample Was the large catch of y0ung§of-'
fhe;year black bullheads (Tablés 14,1 and 14.2). Comparahle dpnéities of young
bullheads were not found at the south cove or at the north.cove during the
previous year.. Reproduction was apparently unusually successful at. tie northern
Tocation in 1980, and numerical and biomass densities are accbrdingly presented
separately for the youhg-offthe—yéarlgrpup. o

Nifferences between standing-crop biomdés’éstimates and himonth\y catch
-éstimétes (Section 13, herein) were mos t pronounced for carp and 1argemouth

bass. Percentage weights of both;species,were generally higher in bimonthly 7
éamples;rpresumablyrdue to electroshocking selectiVity for individuals of large :
size,  Adult largemouth bass'ahdrcarp,,the Tatter represented by large adult
‘fishes exc]hsiVely, were much more common in bimonthly catch/effort samples than
in cove rotenone: samples The: b1omass denSItles of these speries may. have been g
 underest1mated in cove samples since Hayne et al. (1967) found that ypung f1shes




were usually overestimated in both numbers. ‘nd weights by cove census taeg hnsqaes
pwhlle f!shes of ‘large size were rusual\v underestimated, They concluded,
'fhowever that the totau standzng crop of a?! rzshes was probabl ly a raliable
'estlmate of the true lake-wide biomass even though estimated d densities of
certain species may be hiased. '

In Qrder to gain a perspectiVGVOn the Coffeen Lake—standiﬁg crop va1ués,
species-specific comparisons were made with estimates derived from other
reservoirs throughout the U.S. (Table 14.3). Two central 11}inois reservoirs
were included: Lake Sangchris, a cooling lake. in Sangamon and Christian
Counties operated hy Comnonwea]th Edison Company, and Lake Shelbyville, a flood'
control reservoir in Shelby and Moq]tv!e Counties operated by the Army Corps Qf
VEngineegs. Standing crop values from midwéstern reservoirs, ranging in size
from 0.05 to 126 ha, were tabulated by Carlander (1955), and Jenkins (1975)
presented values derived from 173 reservairs in the mid-sauthern U.Sf: All
standing crop estimates from Lhose:]akes were obtained by cove rotenone or
similar techniques Ne tatwst|c1| data were.available for analysis,.so Lhe
compar|sons d\scussed below are only SJbJoctlve

G1zzard shad standing crops in Coffeen Lake were similar to ‘Lhose found 1n Lhe

two ‘other I1linois lakes and in Lhe smaller m\dyL§te:n reservoirs. (Tahln 14, 3)
Biomass dens1t1es of carp were quite low. in. Coffeen‘Lﬁke sompared_to all oLher
locatlons, whlle channel catfish densities were notlceably h\gher than 1n most
other reserv01rs Also compa:at1vv1y higher in Coffeen Lake were: hluagllls and '

the total for all Lepomis apecxes, the dens1ty of the former resemblxng most
closely that of much smaller midwestern reserv01rs Biomass estimates for
largemouth bass and white crappie in Coffeen Lake suggested intermediate
densities B;;éd upon the range'of'avefagé“values reported. Mark and recapture
ﬁest1mates of largemouth bass standlng crops (Sectzon 17, herein) yielded
iest1matos of 9.3 and 10.8 kg/na for 1979 and 1980, respectively, which, althouth
,sllght]y hlgher than the cove rotenone estlmate, still indicated an intermeaiate.
/density overall. The total blomass of fishes-in Coffeen Lake was ~second only to
‘the. Lake Shelbyv111e estimate and was more than twice as 1arqe as Lhe mid-south i
ﬁaverage Maximum values for spec1f1c b1omass den51f1e9, as reported f:om
imldwestern and southern ' i v
14.7-




_Table 14.3.  Comparative standing crop biomass estimates (kg/ha) of selected species
S < from I1linois reservoirs :

- ,  {Coffeen Lake, Lake Sangchris, and Lake
“= Shelbyville)

and from other reservoirs throughout th

7 e-United States.
Means are given with maximum values in parentheses. :

‘,ﬁpecie§

-~ Coffeen
lLake

“oLake
Sangchri§1

Lake

Shelbyyillel

Midwest?

Miﬁ;south3'f

| ':iéfzzard Shad
S
rgghbnnel cé{?ish
i?}uegifi,:
:Lepomis Spp.
rx;tgrgemouthrbass
?2thte crappie

ATl species

267.
13.
34,
52.

101.

7.
4.

437,

6
8

. 275.3
27.0

9.5

22.8 .
25.6
3.5
0.5

1 294.0
©70.8
2.6
2.7
50.5
12.6
4.0
449.6

204 (468)
73 (

233)

—

14 (57
42 (180)

19 (59)
26 (85)
398 (]34)

92 (Nn7y -

25 (261)

9-(110)

21 (87)
31 (156)
10 (59)
5 (49)

2Carlander 1955
3Jenkins 1975

Irranquilli et al. 1979

360.9

14.8

202 (1000)




: Fééervoirs (Tablo 14.3), 1!1ustrate the qrpat vax\attun wthh wast in fish

standing crops, and also indicates that the Coffcen Lake va!uLs are nut'

ot

iexceptxonalffgzﬁthe §pegje§xcon51de|ed

Sevcral mathematlcal modelh have bepn formulated for predicting stand\ng crops
~ of fishes in lakes based upon selected mor phometric and edaphrt characteristics
of the lake basin. Ryder's (1965) morphoedaphic index utilizes the ratio of
total dissolved solids {(TDS in ppm) and mean depth (ft) as a p#edictor of
biomass for north-temperate 1akes. ‘Application Gf the index to Coffeen Lake,
using 750 ppm as an average TDS (Section 3, herein) and 18.7 ft. as the mean
laké depth, yielded a predicted value of 382.2 kg/ha which only slightly
underestimétes our estimate from cove rotenone samples. The index i$ not
directly applicable to Coffeen Lake, however, because of its more southerly
location and a large sulfate component assoc1atpd with the IDS which is helieved
to have originated from sources other than edaphic ones {Section 1, herein),
Ryder et al, (1974) cautioned against utilizing the index for prédictive '

a chemical constituent which épparently is unrelated to fish crops. Jenkins
(1977) utilized a regression equation for modeling standing crops of reservoir
fishes based upon TDS concentrétions and chemical characteristics of 1akes.
Applying the regression for carbonate- bicarbonate dominated waters yie]ded a
predicted standing crop of 475.7 kg/ha whlch i's comparable to our actual
estimate. Jenkins' sample of reservoirs, however, did not include any with a -
TDS ‘value as high as that found in Coffeen Lake. Utilizing his formula for
predlctlng the standlnq crop in Coffeen Lake thus requires 1nterpolat1on beyond
the data from which the formula was derived. In general, standing crops of

b AflShES in Coffeen Lﬂke_appean\LD_D£_§~mllﬂ£m1n many.respects to other lakes Of,/

comparable size and locallty and no pronounced influences of the high DS S were
suggested by our stand1nq crop data.

14.9

purposes when the lake in question has anomalous features such as high sulfates,
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SECTION 15

AGE , GROWTH, cona}flon,lﬁun CENGTH-Fi
“DISTRIBUTIONS OF SELECTED COFFEER LAf

by
Lance 6. Perry and John AL Tranquiili

ABSTRACT

Age and grbwth relationships, body condition, and popg}ation size structure were
examined for gizzard shad, cérp, chann81 gaLfish, bluegill; larqemouth bass, and
white crappie in Coffeen Lake. Adult qizzard shad were represented by a sinqle
1557mm mode in their length frequency distribution which represented a
relatively small adult size for this speéins Bodv condition of shad was

generally -good when _Judged on a 1ake-w1dp basxs Carp were represented by large

adu]t f\shes exciu'ive1y and there Was no- evwdence ofrsuacossful reproduct fon. ofhwr
thlS ‘species during tﬂgﬂtwo -year g{;&; ﬁé}Qod Tﬁé fénqth distribution of
channel catfish was polyrodal which obscured age and growth rﬁlat!onship% Bdgy
condition indices for this species were s!nc“tly legy optimum values bul no
thermal effects or size-related. dlfferencengﬂf 2 suggested by the data.

Bluegills collacted in autumn did- not exceed 150 am in length 1nd1catxng a s}on
rate of growth for tiis sperz and their body condition geperally deciined
with increasing. length. actors responsvble for those findings are d15Cu§SO4

Growth rates of 1argem0uth bass were quite rapid for a1l age groups aanough a

relatlvely low . body condxtIOn was detected among first year bass from heated

locations, BQQy gondltlon of age I and older 1nd1v1duals was exemplary for thxr
species, Few'&ddqémé?»fhe -year. wh\tq crappie. wfxe_found but . a. w;de range of
adglﬁ_élzgﬁmﬂgs_eyjdent: ......... Body_condition was relatively poor among smaller white

crappies while the largest specimens exhibited good condition.




INTRODULCT | Oh

‘Many vital <tati§tics of reservoir fish populations, including age, growin, o
lcond\t1on, and-size-structure are- governed by and thus reflect, the quality of

, 7the habitat. f‘n'f"een Lake is wunique in both 1&5 biotic and abiolic

r,'rharacterlstxcs, due in part to-its function as 3. conling-water impoundment for’
R phiaihaad TS T

“- Coffeen Power: Statlon Consequently, this investigation was conducted to
1evaluate several basic life history phenomena of Coffaen Lake f1shns and to 7
51dent1fy 1mpacts, if any, of the art\fmc‘al thermal and chemical regimes 1mposed'}

by operation of the power plant cooling system. . ’

MATERIALS AND METHODS

. SpPCleS selected- for evaluation 1ncluded g\zzard shad, carp, rhannel catfish,
~blueqill, largemouth bass, and wh]te Lte crappie since Lhey represented gajor -
'Vﬁgggge, game, and rough fishes and each contrwbuted substantially to the total ,;  
"Tfish biomass of Coffeen Lake, Species-specific length f:nquency histograms were
 constructed from total length (mm) observations obtained during late summer and
~early fall periods. Since large sample sizes were desired, and to minimize
féize-selectivity, several collecting methods were employed, Length-frequency :
r'data for gizzard shad, carp, and bluegill were acquired during the September and -
'iJNovember 1978 and 1979 b}monthly collections dPacfibed in Section 13 (here1n)
) —Length data for channpl catfish were assembled from cove rotenone sampling

- (Section 14, here1n) conducted during late August and October of 1979 and 1980, -

'  Largemouth bass length-frequoncies'were constructed from lake-wide electro-
fsnockwng surveys conducted from 15 October to 20 November 1979 and from 29 -
: September to 25 November 1980, length data for whlte crappie were obtained from:
~ September and November (1978) b1monthly catches ‘and from September and November ;

:f%(f979) b1monthly catches combined: w1th cove rotenonn samples ohtazned in 1979,




lhx Pete*,en mﬁthgd (Qicker 1976} ﬂa, oy i o ey ?d='\rf Aqe and qrowtiof
gll?ard Shau.icarp, channal rz(f\@h h upnx"',g-d white g

GpYir, CalRGure

is basod on tLhe assuﬂpt\un thel spawning occurs annually and that a0 g

]

,qroup 1s~represnnted by a modal gﬂﬁ(;gura\\;v in Die length-freguency
distribution. tsually Qn}y Lhe younger age qroups meet the iattwr;requekemeﬁi

( '39(3”31 “and Tesch 1978). G owth of larqumouth bass was cstimated by a mark and
recapture procedure dnscrlbed in Section 17 {nerpinj, #riefly, 1n3}vidua}g af
known size (all >200 mm total length) were marked and released in the spring of
1979 and aqain in the spring of 1980, Recapture of nq.,nd individuals in lhéx
fall or the spring. following release allowed measurement of the increase in
1Lngth attained by each recaptured fish during the 1979 or 1980 growing sﬂasvn‘
thus pravidinq an estimate of growth during those periads. Grﬂwtw raios of
sma!ler individuals were also estimated-in 1980 by a mark and recapture 7
procedure modified from R\nne 119/6) %ppc1mnnr ranging in szzo from 100 to 109
mm total lenqth were marked in the spring of that year oy removing the second.
dorsal spine, those ranging from 110 to 119 mm by remv#*nq the third dorsal
spine, and so. on up.to the 170 to 119 msinterval {last dnzsa‘ spine f6@§ved§;
Fish within the 180-189.and 190-199- Tength intervals were given anal spine
cllps, first two spines and third spine, respectively. All specimens wore af\s
fin clipped (left pelvic) to aid in recognition ofimarkéd individuals, Fish'
recaptufed in the fall of 1980 or—thelsﬁrinq of 1§8l were measured and
incremental length increases were calculated for each individual,

Ages of largemouth bass were determ1ned by v1ew1ng A Cross- scct1on of the ;
otolith (sagittae) under a dvssectxng sterecomicroscope PQU\prd with a poldn17e
and a transmitted light source. Fach hyaline zone (Pannnlla 1974) around Lhe
nucleus:Was counted as one annulus’ (Taubert et al, 1981) Al bass otol1ths

h
3

were obtained from specimens captured by cluchoshnrklnq at hnatod and. ambwpnt
locat1ons (Section 13, hereln) in the fall of 1980, Age groups were deSIQnated
as 0, I, 11, etc., correspond1nq to number of annuli, followed by a "+ B
1nd1cat1ng that all samp]es were obtained ]ate 1n Lhe ngWInq seaﬁon.  '

Body conditioh of gizzard shad, channel CdthSh, b\ueq1ll larqnmouth bass, and
wh1te crapp1e were evaluated by ca]culatlng mean relative weight (wr) vglues;,
(Anderson 1980) Th1s 1ndex relates the observed (muasurcd)rwe1ght to a high

' 15.3 [N




_-observations were obtained in late Sumner and early fab

~quality standard weight derived from published yatues D A1 Teragrn

1nd1v1duals culleeted by el luck}nq andfor firetaday oy

'WLT'P uhhzed Lo U\‘}\H‘(‘ thatall sp?(ﬂ"wl S WOre 7!g’[g{,!’i{'m'u)éf TSR RS E S

\ndtces were calru!nted for heaten and ambiont Torat fon, and
cove rotenone samples,

Proportional stock densities (Anderson 1980} were ¢alculatod feom 1

frequency data for each of the six species.  The index rotates the

"quality" size individuals to those of “stock” size {26 4ofined hy Andergon
1980) and provides a basis for interpreting the desivabitity of 3 1 given spec tas
SIZ@ -structure hased upon its function ‘fo:jqu ar game fich) in the ik

commun1ty

R[SJL;S ARD DISCUSSTON
Gizzard shad’

Length-frequency distributions of gizzard shad were characterized as bimoda) and
were similar'overuthe Lno years sampled (Fig. 15.1). Yourig-of -the-year {age +)
wgikwgresent in 2ach sample (moda)ly at 95 mm in 19781, but they wero not
common., ThEII small size and strong SChOO]lng response prenably contributed to
an underLsLimate of abundance herause of sampling Qedr avoidance. Cavo rolenone
sampl1ng (Section. )4 herein) which was more selective for young (!she‘
produced large numbers’ of age 0+ qi/zard shad in 1979 and 1980, An average
length of 95 mm by September was typlca) of age 0+ qizzard rhad from Lakes
Sangchris and She]byv1llo (Joy and Tranquilli 1979) but was slightly below thai
attained by Seplember younq-of the- -year from other midwestern waters ((avlande;
1969) Ages represented by the pronounced 155 mm modal configurations (Fig.
15'1) could not be verified but age I+ was. ‘probable in view of known age-~length
relat1onsh1ps of this spec1cs in Lake Shelbyv111e (JOy and: Tranquilli 979)
Older 1ndiv1duals may alfo have been represented in that group, however, 51nce
age [T+ and older Andivi duals were strongly represented by a 260 mm ‘mode in Lake
: She]byv1lle, a mode that was not- ev1dent in Coffeen Lake. It 1s thus suggested
4,that II+ and- o]der ehad may be rare ln Coffeen Lake or exh1b1t slow qrowth after
‘ ' : g ' 15 4




Fig. 15.1.
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'g it e v 7% lia ¥ it
refipctod 5e L ~?

You £aﬁ§§?é§ L9 Uhe rognepes Ty: 5
Rigts ?Ggg géﬁifﬁﬁiﬁ Ay forage, éégf; v at s, .
to the régfgdazii;a Lapar 1ty éf,zhf S gae . Lh oy ' .
%n‘:rf)aﬁ'i!gg ANyl progust inn ifadercnn ners. LI ;
small sizeonf qir2ard svhad Ao
inflyences 15 view nf Lhe “omparanly smag 5
Lare Sangihfié Cdoy g Trangsgilis 1979, s
many respectsts foffeen Lane,
gady condition of gizzard s G 34t NE gaad o iengiing g!gs,:,.,-;!
(Fig. 15,2} based upon a recormended rolal vy AN
1980) . SVighbly loaer values were ovident for )
no proncunced diffecences in ¢
suggestad ﬁvqk the two yaiar pﬂran
Carp
The cnrp'bbpuKQLinn in CoffeenLake was cnmpr;qed,aiz%uatvviy s
fishes which precluded age and growth evaluation 5

that_spawning occurred since ripe majes and gravig

the field-: and spaunlnq act)vttlps were occasionally nhgu;vnd along sharstine

vegelrtvon Juvenile fishes, however, were conspiducisty absent from %éméﬂiﬂ*v

catch/effort and cove rotenone. samples (Sections 173 and 14, herein), and aniy

two larval-carp were collected;durlng a lake-wide 1arval fish sampling progras

(Section 10, -herein). FacLoré responsible for the apparent lack of % 54Ful

reproductlon may relate to one or more of the fa?lawinq First, u:nda&*nn on

eqgqs and. ]arvao may exert Constialnts on spawnlnq SUCCPS%, promoled-samowhat by

e T

the spawn1ng strategy of this sppc1es Carp generally scatter th:r'nqqx aver
beds of submerged vegetation where eqqs and larvae develop without parental

care. In Coffeen Lake, vegetated Tittoral regions-are densely populatod by

o L S

‘small sunf1shes which may exert heavy predation: pressure on those ﬁaxly l!fp

e e e

'stages (f1sh eggs were an 1mportant component in d1ets of Coffeen Lakpri
b]uegills, Sectlon 8, here1n)

15.6




fanle 15,1,
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fhannel catfish
The vhannP! catfyon anpulating of 53‘?9Pﬁ rave einibited g pal icwgig-

fr AN dlSL! it)lt 140 ramgn m)s(fjtmt A1y :m} 1}{1;“{{} e bat tonahips,
g

DfQﬂUlﬂC”d mode at 125 T {Fig. 15.4} jn Y970 was sugiestive af ane gfan

\mgiwvs 1apsd srowth for that gqroup ia comparisan Lo Uaks Snelbhywill
1“plﬂmhuv. JO/ and Tranguilli 1979 and other sidwésiorn waters farlander

. and

1969). However, coniiderably foaer young Fighos were callosted in laun

only a small wode at 85 mm was suggestive of age D¢ indiyiduals {(Fig) 1h,
Hémbers of young fishes collected during that year probably weve nnt sutfipient
to-detect a troe modal length for thvwﬂé i3 Jroup . A mndal location at ' 7
approximately 200 mmi was evident during both fear. and, d}tnwugn age i+ far that
group may be assumed, the Loqfvgu:atlcns were pDS\&av-ag skewed and Uhus 7 7
probably included older individuals as well. Proportional stock densities of
channel cat.fish-were low (Table 1S.l)rindicatihq faﬁ individuals of gquality
size, that,is,' 410 mm (Andvrson 1980) Our samples of “channe ) qa;figh wérp
nbtained exclus 1vely by cove rotpnqng mnthods {(Section 14, herein), hbwevgr,
whléﬁ*ﬁgyﬂﬂzéé been. blased in favor of smallou sp0c1mens (Mayne et al, 19677,
Larqe adult,catfishes were encountered more erQUﬁnLiy in hlmonihl/ 'amptés

~ (Section 13, herein) due to the inclusion of experimental gill nit samples which
£ were-sé?ecfive»f0r~a'brdade sizé ranqL ur Ldtf‘ShLb The t%uo size- structure

of ‘the channel catfish population would be. d\fftcult to estimate- by any

,co1lect1nq method g1ven the noctural behav1o: of this species, Lhe\: bottom-
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dwelling nature, and. the ﬁaéﬁ for large sample 1264 ang snual

":Ldplurg anong all size greups

thr fﬂﬂd' ion of channel CALEISH was quite similar over fhe Can oacs

Cand little difrerence was detectod helwoon north and cojth coves (§)
,“Vﬂfﬁgﬁ fﬂ?ﬂt??ﬁ weighl valaes werérlhawt'if which reprecant slightly Iowovatues
Ccompared Lo the {argst yalge of 107 {Anders san 1uy, fBocause relative weignt 14

A new approach to judging bady condition of fisnesy and since its yia)ity nas

onot heen tested extonsively, interpretation of calealsted values is still. .

anvdhaf ‘Uh§9“’iv9 " No Lnﬂrna; re’

i o e 5

ed 01 size-ratated differenges 10 condifan

wire squﬁsLeﬁ by the data (Fig. 15:5) and no extram nFJ ow condition valyes

Vunrv dﬂ;pcgad From the Himited data on ¢ iUoappedrs that the

ae "?ég U’fQ“D La;gﬂhg\llaf Support; dgsifablersiie-hhfaiiure aud grawth rate far
" inis specias. 1a addition, evidence nf 1 pasitive respadse ta the tharnal

ceffluent was provided by catch/effort data {Section 13, harein),

Bluaqill

~Length-frequency aistributions af bluegill wern p@lvnadné and #4id not exceed 163
- mm, 1nd1cat1n3 510w Sgrowth rates amang adults (Fig. 15.6). Age O+ individuale
';:pwobably accounted for modes within the 5- 62 mn Jengih ranqe- because of the

S pylended &Dawﬁlng period of this species. 01der bluegills were Charactarized by 7

E ggjig[@lz_gmg_) -siz2ed_individuals. - Praportional gtack danc:ty vaiue< {( g(ﬁ
':KS 1) were quile low based upon a recomnended range . of 2D to 60% {Anderson
’,1980), ‘indicating that the popu]at1on rnn;xsted of very few \nvavduals of
unallty sportfish size. V1rtua\1y all specimens were of Fnraqn fish size an1
' may play an 1mportant ‘role in supporting qrowth of piscivorous species 'fA

¥ atia

“similar (stunted) bluegill population was also found at Lake Sangchris (Joy and
:'Tranqu1\1\ 1979) suggestlng Lhat overahundanco, and consequent]y reduced growth, -

';may be a dlrect response*tQAth rmalwlnfluence, or Lo a i\m]lav mode of

‘ ;}compet1t1on 1n cooling lakes:

:No thermal effects were ev1dent in body cond:twon of hluegl\]s huL 2 qeneaa}

idecllne in conditton with 1ncrea§1ng length wag gglggnL»du;1ng bﬁth yLarg (ilg

1,{,15.1zr :
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~18.7), Presumably the forage base for larqger individuals, which primarily
”'rrronsisted of aquatic and texrestrmal insects (Section 8, herc1n), was listiled

~-and exerted some constraints on growth rates of adults, therehy contributing to
~ the maintenance of a stunted population. Two factors which may contribute to
that phenomenon include i'ters pecific compet1t\on with eLhnv Lppomlf spec1es
utilizing a similar fcodnfggga;gg‘wg; dack of sufficient. predatlon,on“b1ugg})J§
to relieve iatraspecific competition. for forage organisms,  The latter situation
would be realized if 1argemouth bass, the major predatory species in Coffeen
77' Lake, selected qgizzard shad rather than bluegills as prey because of a greater
";,aCCessibility or a greater preference for the former species. An additional

. potential deterrent to blueqil] growth is the intensity of p}raSlth

Sk N,

1nfestat10ns found_in the Coffeen Lake blueglll popu}atzan, a subject which is
‘addressed in Section 18 (herein).

The 1979 and 1980 samp]es of largemouth bass each oxhnblted 1 mode at 7%
- ~which was assumed to be representat\ve of first-year gromth an Coffeen Lake
“(Fig. 15.8). A smaller mode, at 115 mm, was also detected’ 'n 1979, Since
individuals ranging up to 232 mm in the 1980 sample were fgund to he age 0+
~(Table 15.2), a similar age-length structure probahly existéd in 1970 even
Vthough a strongly himodal 1eng£h distribution developed among the young of that

“ynar, Moda] lengthc Qf 175 mm suqgest an exceptionally rapid rate of growth for

hass during the)r filSt year of llfe 1n roffeen Lake -greater Lhan that

e P e bt g s s e LN pe e

_exhibited by first-year 1nd1v1duals 1n Lake Sholhyvi!]e (95 mm by Sepiember) as-
;éb;ftod by Jd;waﬁa(Tranqu\llm (1979), and in other waters of the midwest
(Carlander 1977). rThé mosl recent estimates of firs&ryear growth rates in pake

' Sangchris, which were established after implementation of a mandgement strategy
for this species, indicated a rate similar to that of the Coffean Lake

“population (Taubert et al.. 1931},

Largemouth bass 7 L l

_&' Growth of age | bass'(ranQing in size from 100 to 199 mn) was highly variable as ~

~ determined by recapture of marked individuals, but all had increased in length

fgby more than 100 mm during the 1980 growing season (Fig. 15.9). iength ' :

*'increments attained by larger individuals (>200 gm) durxng the 1979 ané 1980
g 15.16
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Table 15.2. Ages of largemouth bass collected from heated and ambient
areas-of Coffeen Lake in the fall of 1980. Sample sizes (M),
mean lengths, and length ranges are given, . Samples from
heated and ambient areas are designated by H and A,

respectiVe]y.
o N Mean length (mm)l Length range
Age group [ H A “H A
0+ 23 26 166 162 91-282 92-227
oW 2316 5 282 255-434 240-346
e, 0 R e -
e Ty 60 373 | ~ 262383

1Specimens selected for age analysis were not necessarily representative
of the length-frequency .distribution of the population, or even that of the
younger ages, and thus may nst reflect the true mean lengths for the age
groups consideréd, - .. 5 -

B ‘) R R o




200
180 : * . .
160 e, e ;
140 y . ¢
ATL 120 .
(£5 mm) 100 ° N=21
Y=148 +0.15 X
8o r=0.15
60 t =0.66
P>0.50
40

20

105 125 148 165 185 205
Midpoint total length (mm) ot release

v FEE

Fig. 15.9. Estimated growth increments (ATL) attained by largemouth bass (100
Lo to 199 mm total length at release) during the 1980 growing season in
Coffeen Lake. Sample size (N), regression equation, correlation

~coefficient (r), Students t-value (t), and significance probability
(P) are given.
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200| ~ N=65
T : o Y=153-0.54 X
. - r=-0.92
160 .. -~ 1 =18.63
C , . : P <0.01
ol 7 :
120
ATL
Amm} 100
80
eof
40 7 7
20 ‘ °:® o * , .
. ) ot o
.200 - 250 300 350 400 450 500
Total length (mm) ot release
o - 200 | N=44
- 180} , o Y =151~ 0.51 X
' : E r=-0.95
oy , t=19.72
140 : P< 0.017
120
ATL
{mm) - 100
80
so}
40
20

250 300 : :350 - 400 450 500

200 7
Y ~ Total length {mm) at release -

Fig. 15.10. Estimated growth increments (ATL) attained by largemouth bass (>
oo 200 mm total lengthat:release) during the 1979 (upper) and 1987 -
<. (1ower) growing seasons in Coffeen Lake. Sample size (N}, = o
- regression equation, correlation coefficient (r), Students t-value

"(t),‘?nd;sjgnifjcqnce probability (P) are given.
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' grOWing seasons were descr ibed by a'linear retationship with tota)tleng&h and
were very similar over the two growing seasons (Fig. 15.10).  The significance
-~ of the linear relationship allows a prediction of qrowth for the size qroup
éonsidered in that, for exémple, 200 mm fish can be expected to reach 350 mm in
' one growing season. '

' Overall the age structure and growth rates of largemouth bass wg:e exemp]ary

‘tQY,Ph’S‘SPEEl?S in the mwdwesgwgnd 1nd1cated that, for the two years )( ~ifi

'qggiigg[gglugggéggjfgggﬁqugwggpiggg%supported a rapld growth rate among all age

:égggps. Reynolds and Babb (1978) recommended that 200 mm fish reach 300 mm 1n,
- one growing season if a,desireab]eUsize-étructure'and production rate is.to be
haintained in small fmpoundments. Although Coffeen Lake is much larger than the
lakes studied by those authors, our'estimated growth for 200 mm fish exceedé
their recommended value by about 50%. Furthermore, our growth estimates '
_ Suggested that the majority of indiVidua!s could be expected to reach sexual ,
maturity after two growingrseasohsaand thus spéwn at age [1, whereas attainment
of age III before first spéwning is not uncommon in midwestern 1akes,

Proportional stbck density values fér 1akgemouth bass (Table 15.1) were within
the recommended range of 40 to 60% (Anderson 1980) during both years, -indicating
an optimal size structure for maintaining_a high rate of product1on “Body

' cond1t1on of larger "_Specimens: (>200,@EQ_was ~quite good overall butﬂghermal
influences were implicated as ~having an_impact on condition of smal}e;“'
1nd1v1duals (Fig. 15. 11). Those co]lected from heated 1ocatvons exhwbltnd
consistently lower relative weights, up to a length of “about ?00 mm, compared to
thoée'taken'from ambient areas. That ‘finding may-be related to d\fferences ;
densities of l\ttoral invertebrates and small forage fishes bntween the two f£¥<f

‘,locat1ons, rather than to a direct effect of elevated temperatures. ﬂens1t1es
of benthic organ1sms and larval flSheS were found to be higher at ambient

|ocat10ns (Sections 7 and 10, hereln) which ‘may have provided young bass with a ’
- more substantla] foraqe base compared to that available at heated locations.

”'"vﬁfgod habits of - flrst-year bass from heated locations primarily consisted of

lnsects dur1ng the month of September even though most 1nd1v1dua1s had 7 ,

'5Ltransferred to. p1sc1vory prlor to that time. The implications of that f1nd1ng

'areid scussed in. Sectlon 9 (here1n) Est1mated annua] growth of. smaller bass
L ’ 15,21 ’
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j'vrvfrw'he'n judged on a laﬁé wide basis (Fiq 15.9), did not reveal any limitations on.
“their feeding success during the 1980 growing. season, suggesting that poor body
condition among individuals from heated areas may only have heen a temporary

istate ' : '

Vfﬂhite crappie

ijoungAOf-thé-year white crappies were rare in our collections suggesting some
Climitations on spawning success. The adult population exhibited a wide range of
_“sizes over the two sampling periods but the pojymodal nature of length
~distributions precluded age assignments (Fig. 15.12). Proportional stock:
“densities were high (Table 15.1) indicating a predominance of larger
'Vindividuals A general increase in body cond1t1on wwth 1ncrea51ng length was

bt e e

;vglgg,of_loo (Fig. 16 13) Apparently the forage base is optimal on)y for the
:'1afge5t crappies. Reasons for that occurrence are not 1muedlately obvious since

other piscivorous species 1nhab1t1ng Coffcen Lake showed no sign of a shortage
-of forage f1shes
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e L T  SECTION 16

JV'SPAHNING PERIODICITY ARD FtCUNDITY OF FISHES IHHABITIHG
' HEATED AND AMBIENT AREAS OF COFFEEN LAKE

by 7
~John A. Tranquilli and Lance G. Perry

ABSTRACT

Spawning perlod1c1ty and fecundity of largemouth bass (Micropterus salmOIdes)
and fecund1ty of channel catfish (Jctalurus punctatus) were examined in heated
and ambient areas of Coffeen Lake, a 446-ha cooling water reservoir for a 7
945-MeW electric generating station in central [11inois.  The objective of this .
study was to evaluate the effect of a _thermal dlscha ge on spawnlng time and - cgq 8
productlon by these spec1es

'Spawnvng t1me of female largemouth bass was: e;tlmatpd with gnnosomatlc 1ndlgcs ‘
and exam1nat10n of gonad maturuty stages Spawnang was found to heg)n in mid or
/,late March in heated areas but not until Iate Aprll or mid-May- 1n ambient areas
The ‘onset of spawning by fema]e largemouth bass occurred unusua]ly early in the
heated area of Coffeen Lake and may represent the earliest recorded date for
"spawn1ng by this species in any I]]1no1s waters., The early SpPawn was ,
/'advantageous for the piscivorous 1drgemouth bass as it prov1ded a head staut un

growth and ultimately an extended growing season.

'5;‘,€ffectiv9 annual fecundity of'larqémouth bass and channel catfish fkbm heated:
and ambient areas of Coffeen Lake was determined by counting only those eqgs
1arger than 0.75mm in diameter. Comparablp fecnndxty data for these species -
from heated and ambient areas of Lake Sangchris and from unheated Lake
'Shelbyv1lle (Sule et al. 1979) were analyzed in conJunct1on with the Coftecn'
,Lake data to prov1de further 1nswght into the effects of thermal effluents an
. egg. productvon The estlmate of mean fecundwty for )arqemouth bass from the
“fheated area of Coffeen Lake (47 920 eggs) was 51qn1f1cantly less than that found o

16,1




‘inifish'from'ambipht areas (92,472 eqgs). A comparison of estimated mé&n
;‘fecund\ty of bass from heated areas of hoth Lake Sangchris and Coffeen Lake vs
fish from ambient areas of these two cooling lakes revealed that ambient zones
ggggprted 51gn1f1cantly,greater eqg produgEjon. These ‘results suggested ;hgl,
therma];dispharQes may Ssuppress eqq productibn by largemouth bass. jMean7
‘fecundities of channel catfish from heated and ambient areas of Coffaen Lake
~-were 8,03) and 8,132 eqgs, respectively. No differences were ipund'hét&écnrmeﬁn
fecundlty of channe] catfish from heated and ambient areas of Coffeen Lake or -
7 between_ catflsh from heated areas of both Lake Sangchris and Coffeen Lake vs
fish from ambient areas of these lakes. The overall fecundity of channel 7
catfish from Coffeen Lake, however, was found to be significantly h h}gher than

‘that in unheated Lake Shelbyville. T




HTRODUCT jON

"Spawniﬁg periodicity and fecundity of 1argemeuih bass iMicrapleru§ sa!méédes}
-and fecundity of channel catfish (Ictalurus punctatus) wers examined 1n Coffeen
“lLake, a thermally ldéded coaling lake in central [1linois. Accelerated gonadal
development and earlier spawning by largemouth bass inhabiting thermally
eievated areas has been demonstrated by Witt et al. {1970} in Thomas Hill

Reservoir, Missouri, and by Tranquilli et al, (198%a) in Lake Sangchris, another
f]l]1no;s cooling lake, but was not observed in Par Pénd, a cooling lake for g
:nuclear production reactor in North Carolina, by Bennett and Gibbons (1975).

The effect of a thermal effluent on potentia1'pgq production {fecundily)} by
largemouth hass, channel catfish, and two other sppcxes was exanined by Sule et
. (1979), who found that - (1) largemouth bass from the heated area of Lake

Sangchrls were less fecund.than hass of comparable sizes from nearby unheated
'Lake Shelbyv1]1e, and {2) channel catfish from the heated area of Lake %angchvws
were more fecund than channel catfish from ambient areas of that lake. Reeults
of those investigations suggested more information was needed regarding the
dynamics of reproduction for these two highly important sp0|tflshos in habitats
'affected by thermal discharges, and prompted the present study,

MATERIALS AND METHODS

Largemouth bass were selected for evaluation of spawning time because they were
one df,the most sought-after gamefish and the most important species in Coffeen
Lake from a management perspective. Specimens were collected per1od1cally fronj
28 March to 17 May 1979 at heated and ambient areas (Section 13, herein). only
mature female bass were utilized. Each fish was weighed to the nearest gram an#
“dissected to a1]au ‘removal of the gonads Two indices were: utilized for
,estvmatlng time of spawning at the two study sites, First, the qonad wetht of.
feach fish was recorded to allow calculdtion of the gonosomatic index (GSij which
;expressed qonad uM1qht as a percentage of total body weight (Kaya and Hasler
,€1972) { The onsat of spawn1ng is oresumed to be marked hy oeak 6S1 values s1nce

16.3




: gonad weiqht increases rnlatlvn Lo totai body worght

dp Lo the Uime af spawning
,'but rapidly decreases thereafter, Secondly, an empirical Judgenent was mage f

the stage of gonad maturatxon and @ rnr:espondsn} nuabar
: wwth leolsky S scheme  as prﬂsented in-Bagenal and Braum | Ligny:

[ =

i“y?(;nr“f in 1(1 ar ,Nc”

Timature -
récting stage
> matyration

IV = qaturity -
V. = reproduct ion -
NVI.=spest condition

~ These indices, along with water temperature data recorded during each samp!1nq
period, were plotted by month and location Lo provide a means of estimating the

; time and duration of spawn1ng among flshes exposed to elevated and ambient water

. temperatures.

Ovaries of mature female 1argemouth bass and channel catfish were collected
prior to spawning from heated and amhlent areas of the lake durung March, April,
*-and May of 1979 and 1980 for fecundity analyses. A1l hass were collected by
‘ electroshock1ng, channel catfish were collected with q111 nets and trot-lines.
Total lengths (mm) and weights (g) were recorded for al) specimens, Gonads were
excised while still fresh, split- lonq1tud1nally, and preserved in modified
Gilsons fluid (S1mpson 1951).  Sample Jars were periodically agitated to freo
~ the eggs from ovarian wall tissue. After the eggs were separated, they were
1'flushed w1th tap water and allowed to air dry until-clumping was mlnlmal The
' rema1n1ng fragments of ovarian tissue were then removed by hand and each eqqg
. mass was weighed to the nearest milligram. Two random subsamples of ova were ;
' 0hta1ned from each sample, “weighed to the nearest 0.1 mg, and counted. Number
of “eggs per subsamp]e averaged 1,253 (range 353-2,262) for bass and 816 (range'
~-301-1,455) for channel catfish. “Bagenal and Braum (1978) recommended subsamples
~containing 200 or-more eggs when utilizing this method of fecundity estimation.

.~ For both’ species,’ only eggs >0.75 mm in diameter were counted in order to

.fellmlnate lmmature ova from the estimates (Kelley 1962, and others). ' The mean
’jnumber of eqgs per unit welght of subsample was used to calculate effective

16.4°




-~ effective-annual fecundity, that is, total number of ava per individual that

- ‘mature during one spawning season.

: Déka analysis was éccomplished by a linear reqression of log egq nunbar ﬁn'%gg;;r'
- total length. Because there is a positive linear relationship betwean fish
length and eqq number, analysis of covariance (Snedecor and Cochran 1967) was = =

fecundities. Adjustment of means in this manner eliminated any bias

'*fr} attributable to size differences between sampling sites, Raw fecundity datg :
:"¢prg5ented by Sule et al. (1979} were also analyzed to allow comparisans &etﬁéén 2
- Coffeen Lake and Lakes Sangchris and Shelbyville. '

RESULTS AND DISCUSSION

f ﬁ Sbawning Periodicty of Largemouth Bass

'TMean'gonosomatic indices of female largemouth bass from the discharge (heatéd)f, 7
‘arm of Coffeen Lake ranged from 3.0 to 5.8 (Fig. 16.1). The peak was reaphed,énf"
2 April but a similar value (5.4) was found on 28 March, suggesting that -
- spawning may have commenced earlier than the peak GSI values indicated. ﬁgag;rr
‘gonad maturity stage indices of bass from heated arzas were in close ayrecment

';;€EE:§él*yalues in that most intense spawning activity ranged from mid to Yale,;';
'ﬂbri]. The ranges of those values are equally important, however, and the

- -and one apparently spent) encountered in late March (Fig. 16.1) indicated that .
spawning activities began in either mid or late March, consistent with the
'T réldtively high GSI values observed at that time. In contrast, GSI values :
7:—;'(ranging from 5.2 to 11.9) and gonad maturity stage indices of bass from ambient -
*’ﬂ{*éréas implied that spawning in that region began in late April and extended,inﬁdr
" mid-May (Fig. 16.1). e

In 1979, female largemouth bass were first found in "spawning" condition [gonad -

16.5

used to remove the effect of length on egg number prior to comparison of mean . . -

- frequency of actively spawning and spent females (eight individuals running éggs'j '

zmatdrity stage V) in the heated area on 27 March (Fig., 16.1). While spawning - :77
‘periodicity studies were not conducted in either 1980 or 1981, female largemouth
bass from the heated area'wére examined during tagging studies (Section 17, = =~ -~ -
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~Fig. 16.1. - Gonosomatic indices (means) and gonad matumty stages (means and

~ranges) of female Targemouth bass from heated and ambient areas
_of Coffeen Lake during 1979. Surface water temperatures at the
e ]];;respectwe samphng sutes are glven.
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°'hgrein) and found to be in "spawn1ng" condition on 25 March during both of tnos;
~years. The onset of spawning in Coffeen Lake was thus considerably eavlier tnan
'_,that documented for this species in-heated areas of Lake Sangchris (April i3 and
: May 1) by Tranquilli et al. (1981a) and may be the earliest recorded dite for
 $pawning by this species in any 11linois waters, The unu5ua}ly carly spawnxng
:1 date in Coffeen Lake as compared to nearby Lake Sangchris fs probably due to its

. heavier thermal loadlng rate. The greatest benefit of early spawning. act)v1t$es

by largemouth bass in Coffeen také may not have been fully realized, however,
' since the Coffeen ‘Generating Station typically. reduced its generatwon capacity
in Apr1l and May of each year (Flg 1.1, herewn) for scheduled maxntenance and

: repa1n.uonk T This typ1ca!1y resulted in declining discharge temperatures in the
~ heated area of the ltake. just as bass were beginning to spawn and probably
delayed spawning by most of the fisn in that'afea for 1 to 3 weeks. In spite of
this delay, spawn1ng activity by most fish in the heaned area was still advancen
‘over that observed in ambient -areas.

The accuracy of the spawn1ng 1nd1ces ut111zed was dependent upon the 1ntens1ty
and- frequency of sampling of adult femalps dur1ng the spawning season. Since -
our specimens were collected at 1- 2 week intervals, peak GSI and gonad maturmty
stage values cannot be viewed as prerlse estimators of 1nc1p1ent spawning.
Nonetheless, both indices suggested that ‘bass in heated areas commenced spawning
3-4 weeks earlier than those in ambient areas and reached peak activity
apb?oximately three weeks earlier. Elevated water temperatures in the dxscharge
arm probably advanced spawn1ng time by accelerating the reproduct1ve process or
advanc1ng the time.of reproductive readiness. - Surface water temperatures at the
time of beak GSI vélues were relatively low (16°C in the heated area and 14°C in
the ambient area),,but higher temperatures prevailed earlier at both locations
(Fig 16.1). Presumably, temperatures suitable for,spawning-(15.6-23.9'C,
Heldvnqer 1975) preceded the time of initial spawning A more'protrécted
spawnlng period in the heated area (approx1mate1y four weeks in duratlon,

S compared ‘to less than two weeks in the ambient area) may have been a

:j_ ramification of the drop of water temperature in April 1979 which was c01nc1dent
B WIth reduced electr1ca] generation. ‘
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1The spawnlng act in fishes typtca¥ly reprpgonts the culmlnatlon of a series.of:
: ;;phys1oloqical and behavioral events that are requlated by environmental stimgl§
and mediated through,the endocrine system. In temperate reqions, where many
'fishes exhibit discrete spawning Seasons,,reproductivé activities may be
advanced or delayed'depending upoh the rate of temperature increase in spring
 (Breder and Rosen 1966). In that respect, cooling lakes represent a unique
spawning'habitat'be;ause of the input of thermally enriched effluents.

The earlier spawning time exhibited by largemouth bass in heated areas of
Coffeen Lake was in agreement with observations'od'spawning of this species in-
Thomas Hill Reseﬁyoir,'Missouri (Witt et-ai; 1970), and in Lake Sangchrvs
(Tranquilli et al. 1981a). These results u\ffergd somewhdt from those of

Bennett -and Gibbons (1975),: however. who found no difference in the reproductive
,cycTe oftlérgémouth bass in heated and ambient areas of Par Pond. They did find
:that'young-of-the-year fishes froh the heated area were significantiy larger,
suggesting that spawning act1v1t1es and. growth may have been accelerated: there;
'Arcelerated veproductlon in therma] outfalls for other freshwater specxes has
also been reported. Marcy (1976) found that ovaries of female brown bul}hedds
“(Ictalurus nebulosus) and white catfish (l. catus) déveloped unseasonably eariy

, durlnq w1nter in the discharge canal of a nuclear power- plant on the COnﬂLCtlfut
~River. Carp (CyprInus carpio) in Lake Sangchrls spawned at the same time in
“heated and ambient areas in 1975, but spawning was advanced in the heated area
:by approx1mate1y one month in 1976 (Tranqu1]1\ et al. 1981a),

Since large s1ze is highly advantaggous in. 1nlgrspec1f1£ Lompatition _among
fif1shes, earlwer spawning, esperlally by a plscxvorous pgglg§”§gghuqs;phe

largemouth bass, 1s highly. Denef1c1a] because it gives a head start in gfowth'

Py

'fand ultimately prov1des an extended growing season._in_temperate geoglap11ca1
zones. - Sule et al. (1981) demonstrated how this advantage was utilized hy-

T

”young~0f~the-yeér Targemouth bass in Lake,Sangchnts, when bass from heated areas

nf.rpached 90 mm total length, they were able to consume fish and their avérago

: [famb1ent areas.
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Cntcn per nnit effort'(C/E),and stanning crop samnfns‘(ﬁocrion; 13 and 14,

: herein) suggested good reproductinn by largemsuth bass in Coffeen Lake during
©1978-1980 and C/f data indicated 4 ye!atvvoly high adult stock dﬂnf!ty Length
- frequency distributions indfcated that there were two size modes of -

young-of - the -year bass in the fall of 1979, ThlS bimodal distribution may hava

g been attr1buted to differences in spawning txme and in length of Lhe growing
- season within heated and ambient areas of the cooling lake.

Kramer and Smith (1962) reported that unfavorable water temperatures.-during a

critical periodr(aften eqqg depositicn and before young were two weeks old) was a

- major cause of mortality affecting year class strength of largemouth bass. In

l.ake Sangchris, Tranquilli et al. (19813) maintained that the thermal effluent

' enhanced _reproduction of largemouth Qass by stabilizing water temperature #1% :#:

fluctuat1ons produced by variable cl1mq§ic conditions-and, as a result

cons1stently strong year classes. vere. produced. " Data collected from Coffeen
Lake regarding largemouth bass population_ dens1ty and_year class strength are.

: consnstent with that_cQLLent\on and “indicated that productlon of good year

"classes may bhe a key element to ma1nta1n1ng a satis factory popuiatwon of }f)*;

largemouth bass over an extended period of time.

Fecundity of largemouth bass and channel catfish

Estimates of mean fecundity of*largemouth bass from heated and ambient areas-

© were 47, 920 and‘92'472 eggs-per individual, respectively (Table 16.1). Egg
- production was correlated w1th tota] 1ength in a positive Tinear fashion as

evidenced by positive slope va]ues and linear correlation coefficient values.

- near 1.0 (Fig. 16. 2). Scatter plots of linear relationships (Fig. 16.2)

suggested that pronounced within-1ake spatial d1ffer9nces in eqq production maj
have existed. However, because mean- lengths of ‘specimens differed bethen
samplvng 1ocat1ons an adJustment of the fpcund1ty values was necesxary to a!low

£ valld comparlson between -groups, Comgprvson of mean _fecundities.. aftgn

L adgustment for length differences 1nd1cated stgnxfacantly hlgher eyq . oroductxon
 'among 1argemouth bass’ vnhab1t1ng amblent areas of Cofreen Lake (Table 16.2).

i Add1t1ona] compar1sons uttl1zxng focund1ty data from Lake Sangchris, anwtnez

Illvnois coollng lake and (unheqted) Lake Shelb/vglle (Sule et al. 1979) were
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_Table 16,1, Mean total length and mean eqg number of largemouth bass and channe)
R - catfish from heated and ambient areas of Coffeen Lake. Sample sizes
(N), standard deviations (s.d.), and ranges are given, .

o T S ~ Length (mm TL) Egg number
“Species and Location - N ‘Mean  s.d.  range - Mean s.d. range

';'Largemouth‘bASs 7 , 7 .

: '; ;héﬂied : o 372 66 2?0;486 47,920 34,792 5,5987112;5r5 ;

 ambient | 95 398 62 307-498 02,472 35,295 32,168-141,580

;Chaﬁnei_patfish , 7 N

1 héa;ed 7 AT 368 95 250612 8,031 6,349 1,453-25,476
anbient 16 378 60 305-567 8,132 5,200 3,521-22,678
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-~ Table 16.2. :Comparisons of “adjusted mean fecundlties of fishes from.
Lol e “heated (h) and ambient (a) areas of Coffeen Lake and Lake
Sangchris, and from Lake Shelbyville, Sample sizes (N),
‘least-squares means (LS mean), F-values, and significance
Jevels (* = 1%, = 5%) are given.

:'rSpecjéS and comparisons - = (N) LS mean! F-value’

2 Largemouth bass

Lgke:befeen (h) vs. | 13 -754,865 28, 75%*

Lake Coffeen (a) - 15 86,453

L. Coffeen (h) + L. Sangchris (h) vs. 34 58185 5.8
L. Coffeen (a) + L. Sangchris (a)- 40 69,080 :

Lake Coffeen (h+a) vs. | 28 60,030 1 0.32
Lake Shelbyville 26 57,067

Lake Coffeen (a) vs. 15 74,23 14, 26%
Lake Shelbyville : . 26 54,927

" Channel catfish

Lake Coffeen (h) vs. 5 8,393 1,69
Lake'Coffeen {a) - 16 - 7,792 '
» L. Coffeen (h) + L) Sangchris (h) vs. 30 C7,735 - 2.87

o L. Coffeen (a) + L. Sangchris (a) 33 7,029 '
Lake Coffeen (h+a) vs. . 31 10,637 6.55+
Lake Shelbyville - - = Ao 7,569
Lake Coffeen (a) vs. . 16 . 11,966 1.90
Lake Shelbyville - - : 10 9,353

lLeast-squaresmean = mean number of eggs after adjustment for the linear
covariate (= total length). Adjustments are based upon an overall grand
‘mean and thus may change between comparisons. Values are computed for -
comparison purposes only and may not represent the true mean fecundity at
that. locat1on ' ,

: I
: '




‘computed 1n an effort to gain in51ght into the nafure of thermal effec*s on egg
_ product1on in this specxes “The second comparison was consistent with the
”:', Coffeen Lake results in that ambient areas of the two coolinq lakes SUDOOItLd '
S\gn\ftcantly greater eqqg productton than heated areas (Table 16.2). The data

: suggest that thermal 1nfluences may result in a suppression of eqq production by
’ Iargemouth bass. The overall average fecundlty of Coffeen Lake bass did not
d1ffer 51gn|f\cant1y from that Qiethe Lakewﬁhelbyv1lle pODU‘ﬁt‘Oﬂ: but

when compared to LakeMShﬁlbyvalle estxmates (Tabln 16. 2) Estwmated egg tota.s
~ from Coffeen Lake ranged from 5,598 to 141,580 (Table 16.1) which is within the
.recorded range of 2,000- 168 815 for this spectes (Eddy and Surber 1947, Sigler
1959 Sule et al. 1979). ' ' :

‘The causes of’spatialrdifferences:in eqq ‘production within Coffeen Lake cannot
be identified with certalnty because of .the mu1t1p11c1ty of factors whlcn
- influence fecundity: genetwc makeup, food ava\lab1]1ty, age, prev1ous spawnung

e e e Ui e e e

i h‘story, and others. In a thermally elevated system, the most obvious impact on
egg production rates would arise from metabolic rate ‘increases since the: ene:gy
alloted to maintenance, growth, and reproduction {especially egg production)
would be altered by such increases. - Differences in age and previous spawning
h1story offer another possible exglanatlon for. the‘reduced fecundity of -

largemouth bass in_heated enviropments. Fish sampled from Cotfeen: Lake and Lake

'mgangchrls could not be reliably aged by the scale reading method because of the
var1able effect of thermal discharge on annulus formation (Tranqu1ll1 et-al,
1981b) In view of the benef1c1al“effects of the thermal effluent on fish

’ : growth, 1t 1s possnble that fish of _comparable sizes from heated areas were 9{“
e younger (and thus 1ess fecund) than those fromiamb}entrareas and tnose from.

B

unheated Lake Shelbyville. Joy (1979) 1nferred by analysis of flsn size and age

at sexual maturity that largemouth bass from Lake Sangchris probably reached

:vsexual maturlty at Age I, one year earlier than-was observed in Lake
‘Shelbyvnlle ' :

'koean fecund1t1es of channel catf1sh were 8 031 -and 8,132 eggs per 1nd1v1dua1 :
rom heated and amblent areas, respect1ve]y (Table 16.1). A positive linear
,'lonsh1p between eqg product1on and tota] length was detected and scatter'7
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plots suggested that fecundities were similar over the tenqth range of fishes
examined (Fig. 16.2). to within-lake differences in eqq production were ovident
after heated and ambient values were adjusted for length differences (Tabie
16.2). . Inclusion of Lake Sangchris fecundity data yielded results similar to
the Coffeen comparisons in that no thermal influences were detected. The

overall average fpcundlty in Coffeen Lake was found to be significantly higher

o . o PN e s e

than that of the Lake Shelbyville populatlon, but the Coffeen ambient sample
alone was not significantly different from that of Lake Shelbyville. The best
estimate of fecundity in Coffeen Lake, however, is an average value computed
from combined heated and ambient samples since the two estimates did not differ
sighificantly. As indicated above, that value was significantly higher than the
Lake Shelbyville average (Table 16.2). In contrast to our findings, Sule et al.
(1979) reported that channel catfish from heated areas of Lake Sangchris
produced significantly more eqgs than those from ambient areas.

Total egg counts of channel catfish from Coffeen Lake ranged from 1,453 to
25,476 which was slightly below the range of 2,000-70,000 eqqs reported by
Carlander (1969). Several authors cited in Carlander (1969) counted all 2qgs in
the ovary, whereas we estimated effective annual fecundity by counting only
those eggs larger than a critical size. Consequently, fecundity data of most
“other authors are not directly tohparab]e to those presented herein. Jearld and
Brown (1971) reported a mean fecundity for channel catfish of 13,238 eqggs for
fish averaging 383 mm in Lake Carl Blackwell, Oklahoma, and Muncy (1959)
reported a mean fecundity of 6,123 eqgs for fish averaging 399 mm from the Des
Moines River, lowa. Sule et al. (1979), using methods identical to ours,
rep&rted a mean fecundity of 7,882 eggs for channel catfish. averaging 393 mm,
from the heated area of Lake Sangchris, 5,60) eggs‘for‘fiéh averaging 370 mm
from the ambient area of Lake Sangchris, and 15,488 eggs for fish averaging 536
mn from Lake Shelbyville. Since the fish from Lake Shelbyville were much larger
than those from Coffeen Lake or Lake Sangchris, the specific comparisons in

Table 16.2 were of low precision because of the extrapolation required to
accomplish'the adjustments (Snedecor and Cochran 1967).

- ;;As with largemou th bass, channel catfish from Coffeen_Lake e were not aged and

b s e Lottt

;defferences in chundIty between Coffeen Lake and Lake Shelbyv111e were probably
16.14 | T




due to d\fferences in size and 3ge. Coffeen Lake, like Lake Sangchris

s Ly

(Tranqdilli et al. 1981a), conta»ns a naturally repvoducxng poppiZZion ofj;%z.iit

channel catfish (Section 15, herein). This is unusual berause in Il)1nn1s

"Channel catfish. -production is usually not successful in large reservoirs without
maJor tr\butaries and- particularly not so in those containing good populations

of piscivorous -largemouth bass, The >_unusually successful reproductzon by

channel catfish in these two coolwng lakes suggests that either the elevated ;*{ A&

N e e g et

temperatures and/or the artificial current_is. advansggeous to th1s spec1es.

The fecund1ty data suggested that bﬁlhhldLﬂﬁmQJth bass_and_channel catfisn h@:ezf
tremendous reproductive potential in Coffeen Lake. .To maintain a stahle fish
populatxon the only reproductive xequrrement of any pair of spawners is that
they replace themselves durin~ their lifetime. It is therefore apparent that.
fecundity as an estimate eproductive potential is not a measupement,that ean
be used to predict f_. rish stocks. The actual number of eggs produced is
not nearly so important as the number of progeny that" surv1ve In-addition,
there are many factors other than fecundity which govern year class strength.
They include tlme .of spawning, presence of predatory or compet\tor spec»es food

avallablllty, cover availability, water quality during ‘the _Spawning season, and

. even the QETEE[.Of g00d_spawning sites. In addition, a “compensatory response" »
mé}mpe~aeperated in fish populations such that 1f the population ig reduced, trev
fecundity and/or the survival rate of rema1n1ng members tends to increass
(McFadden 1977). ”ggggﬂggslt1ve (earl1er spawning) and negative (suppressed
fecundlty) effects of a thermal discharge were ev1dent 1n thlS study and they i
underscore the difficulty of judging the eco]oglcal 1mpacts of thermal effects
‘1n v1ew of the interrelationships between those env1ronmenta] and b1o]oglcal F /“;%(?
var1ab1es which ultimately govern the success of species. 1nhab1t1ng coo]1ng :

lakes
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SECTION Y7

MOVEMENTS, PGPJLA?!Qﬁ { TIMATES, AKD F15ary
oF *ARSEMO?IH BASS AS WETFKMih N By ¥
ESTIMATES TH COFFLEN o &E
Dy
Lance 4, ?érry ard Lohn A.r?rguquztzé

ABSTRACT

A mark and recapture technique was uytilized to delerming movement aatterns andg
to estimate population size and fisherman gaploitation of jargencuth bHass ia
Coffeen Lake, tean distances traveled by marked fish were 1,325 meters after an
'avprage of 16 days of liberation and 1,22} meters after an average of 307 days
at liberty. Displacement distances (from release sitest were not related to the
size of marked individuals or to number of days elapsed between vP3eaaL and
recapture, A 51gnvficantly greater average dvsplasemen{ PEL dPtPr'ﬁd among
individuals originally released in the heated area of tne ]ake compared 1o those
releascd in ambient areas.  The population estimates for fish *200 an total
lenqth were 4,958 ¢ 1,174 as of May 1979, and 5,466 + 1,180 as of May 1930,
%tanding crap estimates derived from those values wers 9.3 kg/ha and 19,1 ky/ha
for the two years, respectively. Sport fishermen raporied R0 catches of tagged

fish and 84 catches of untagged fish. Most of the individuals caugnt by angling
were kept.



INTRODUCT 1O

The larqemouth hass (Micropterus ﬁa1m01des) 15 one of the most importanl sport
fishes | throughout the 1,5, and the most sought-after gamefish in [1lingis

(Rogers 1980). This species was stocked in Coffaen Lake in the mid-1960"s A1,
Dept. Cons., Div, Fish, fl.es) and prpsently Jxrup\es th highest ‘trophic 1eve1

in that fish commun\ty The hass popu‘at\on sn'unffeen Lake is uf interest ﬂG@w

' TWOVH;,! because of \ts sport flshﬂry potential, but also as a rpflc_'gtlon of the

stitus and gnnera\ _well-being of lower trophic lovn!s and, in view of its Se‘f

e bt S e T e Ane V i

SUstalnlng capabwlwty,'as an indicator of tne extent of rhemlca'rard thermal

tﬁpacts in the lake. This invest1gat!on was undertaken to evaluate several l\fe
T h1sto?§mEﬁEﬁbmena of this species in Coffeen Lake. 3peLYTIC objectives were:
1) to delineate patterns of movements, 2) to estimate nunerical abundance, and
©3) to quantwfy fisherman exploitation of largemouth bass

MATERIALS AND msyuoos“f

A totdl of 1,988 Yargemouth bass > 200 mm totai'léﬂgth {range 200 to 564 mm TL)
were marked and released in Coffeen Lake, 988 from 16 April to 24 May 1979 ana
1,000 from 25 March to 29 April 1980.  All specimens were captured by -
electroshocking and marked by fin clipping and tagging. Floy anchor tags (mode)
FD-688), each embossed with a code number and our laboratory phone number {for
use by §bort fishermen in reporting their catch to us), were inserted obliguely
" between the interneural rays of the spinous dorsal Fin in the manner described
'by Dell (1968). -In 1979 ail specimens were also given a left pelvic fin ¢lip.
In 1980, a right pelvic fin clip was used on all specimens captured south of the
railroad causeway, and a spinous dorsal fin cTip (first three spines) was used
" to mark those captured north of that landmark. Marked fishes were roleased
~randomly: in relaﬂion to the unmarked population. This was accomplished by
~ distributing collecting efforts throughout the lake and releasing each marked
' fish near its original capture site. All release and recapture locations were
! recorded 0on a scaled topograph1c map of Coffeen Lake. Movements were des 1qnated
,' as either short- term or long-term based upon the length of time elapsed between
'if'release and recapture. Short-term mavements were those observed among fish.
' ) 17.2




recaptured during thn 5ame season (sgrvng) in which they were released.  Long-
term movements were determined for fzshes which were recaptured during a season

(fall or spring) followlng their springtime release.  Distances discussed nerein -
represont minlmum straight-line estimates from point of relesse to point of
recaptuve within the lake basin. In order to relate wnvnnpnt patterns ‘to the
thermal characteristics of the Yake, ‘all release and recapture observ at10ns wore

, classxfied as occurring in heated, Lrans:txonal. or ambient areas. Th@SL ;
represented, respertlvely, the entire lake reach from the thermal outfall to
Sfation 2 inclus1ve. the Take reach from Station 2 to the railroad causewﬁy,'and -
the }ake,reach north of the railroad causewdy (Fig. 13.1, Section 13, herein},

Two populatton censuses were conducted to estimate the numerizal abundanre of
larqemouth bass >200 mm total length in 1979 and in 1980, The following
mathematical expression was used -(Youngs and Rohson 1978):

No=mc/r

an estimate of the total number of individuals in Lhe populatlon
total number of marked individuals in the population

tota]l number of individuals in the recapture sample

total number of marked individuals in "c"

where:

LI T R I S

N
m
C
r

The recapture sample'(c) for the 1979 estimate was obtained by eléctrcshocking ,
from 15 October to 20 November 1979. Only individuals > 350 mm TL weie included ;
in order to ellmlnate recruitment due to growth during the perind hetueen

release and recapture. An average increase of 150 mm during that period was B
predicted for individuals thét were 200 mm TL during the spring of 1979.1 The
recapture sample for the 1980 estimate wa$ collected from 25 March to 27 April
1981 .and only included individuals 2360 mm TL based upon an estimated'qrawthig
increment of 160 mm for fish which were 200 mm TL during the spring of 1980,

1Est1mate was based upon -a llnear regression.of increase in length ( TL) on
‘total length at release. The regression is not presented herein, but it was
“identfcal to those shown in F\g 15.10 (Section 15, herein) pxcnpt a = 150
(est1mate used}, b = 0.51, rr = 0.94, and N = 20, Growth during the 1980
growlng Season was s1mllarly estlmatpd ' ' :

7. 3




"Catches of tagqed bass reported bj sport fishermen werp reronded aldnq with date
' of capture capture location, and total number of fish vept and/or relea<od.
Al] reports were. voluntary on the part of the fishermen and no yedavd was
,,offered for the information.

RESULTS AND DISCUSSION
Movement s

Frdm,l7 April 1979.-to 27 April 1981 a total of 279 tagged ]argédéuth bass were

retaptured. Of that number, 154 were recaptured after only a short pericd (1 to

38 days) of liberty, and their displacements from original capture sites were

accordingly designated as short.-term movements. AN were recaptured during the
same season (spring) in which they were released and thus may. partly reflect the:

influence of our- tagging procedure. on their subsequent movements; that is,

'capture and hand!xng of individuals for tagging purposes may have produced an
irreqular movement response in some fish because of the mild trnuma suffered
during the procedure. Such responées would be most pronounced soon after

,reiease' Long-term movements represented seasonal d1snlacements since all
recaptures were obtained during the fall or spr1ng 5easons follow1ng the

'spr1ngt1me release and thus were assumed to reflect little if any effect of the
tagging procedure.. These long- term observations (N=125) were recorded after a
mlnlmum of 141 days had elapsed since the date of release and ranged up to 705 -
days after release: o

Marked fishes recaptured after a short term perlod of liberation had traveled an;j

average distance of 1,325 meters (Table 17.1). The maximum displacement
dlstence during that period was q,969 meters, which is approximately equivalentr
to the distance frOm the point of'therma] discharge to Station.4 (Fig. 13.1,
Sectlon 13, hereln) No attempt was made to relate short-term movements to
therma] character1stlcs of the release sites since our tagging efforts were

conducted in the d1scharge arm first (early spring) and in the ambient area lasf'

(m1d spr1nq) which favored detection of 1ong-dlstance movements by those
H1nd1v1dua]s taggPd and released ear]y in the season. Means and nd_ranges of

'»movements exhibvted by flSh recaptured after long- term perlods of liberation areff

i '—"’—_—f—r——'—‘———“\\- e e b “'~—-—-.____._._~__._.__.~..,.... s
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~“ Table 17.1. Means and ranges of distances traveled by tagged largemouth bass. in

Coffeen Lake. - Sample stze (K) and days elapsed between release and -

recapture (mean and range) are given.

A1l observations represent
short-term movements (sec text), : B

: Days elapsed
N mean “range

Distance traveled (meters)
mean range

154 16 138 1325 © 0-6969




fPr esented in rable 17.2. Mean movement dxstances did not differ. between groups
,_of 1ndiv1duals released dn heated .areas compared to transit\ona] .areas (=0, 25,

';,P)O 50) hut a s1gn1f1cantly greater average dlsplacement from heated releasse

“sites was’ detected in comparison: thh amb1ent re)ea e sxtes {t= 3, 40, P<OLOY),

et s #e Loy sa

o The fluctuating and occas1ona11y extreme temperature cycle which is

"characterlstlc of the heated locatlon may in part contribute to 3 g:eater
"between -5eason d1splacemen» among bass since power ‘plant operation practices
could contribute to considerable between-season variability in water
"iemperatures, a factor which would demand relocation of fishes in extreme cases.rf
,iThe temperature cycle of the ambient area of Coffeen Lake would be expected to
be more stable and predictable in the sense that on]y atmOSpher1c events

contr1bute to the temperature var1ab111ty, that -area thus :epresents the type of o

'thermal regime that northern largemouth bass have adapted to,

Drstances traveled by marked flshes were not related to either size at release

or to number of days at liberty as Judged by a lack of correlation between those =~

,var]ables and respective d\splacement distances (Table 17.3). -Anong those
,1f15hes recaptured during the fall or spr1ng Seasons fo]low1nq tne1r releasn

i°:suggested by the hrgn frequencx_of recaptures. whlch occurred at- or _near or1g1nalﬂ'

“‘,'releggg_51£ea Approximately 60% of Tong-term recaptures were found within

1,000 meters of their original release sites and over half of that number were
“found within 200 meters of that Tocation (Fig. 17.1). Displacement distances

',,progress1ve1y decreased in frequency up to a max1mum of 6,246 meters which was

;fthe ‘greatest d1sp1acement observed by an 1nd1v1dual after a long- term period of
fillberatlon : :

Crossing of the main lake channel by 1argemouth'be§s was commonly observed

feang both short-term and long-term groups; those crossings were detected in 29% E

B énd336%, respectively, of the tota} number of observations. Passages through

' L:the railroad causeway culverts were 5% and 9% for the short-term and long-term

'lguoups, respect1ve1y, with north to south and'south‘to north movements about

o _evenly distributed.. The maJorlty of -those movements were observed: amonq

‘ 'f1nd1v1dua1s orlg1nally captured and released near the structure.
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