. Species Diversity

. The objectives of this analysis were to determine: [1} whether the movement of
.co0ling waters promotes a constancy of species diversity. in the open-waler

“i fpregions of the cosling loop, and (2) whether discharge water temperatyres and

associated conditions during late summer reduce diverai{y'éurinq that period,

:'—D1ver511y data from Year 1 ranged from a low of 2,46 at Statlon 3 1in Oecember
: 1978 to 3.11 at Station 4 in June 1979; the w1dest,range of values generally

:'f_occurred at those two stations throughout Year 1 {Table 6.3). The overall mean
o diversities in Year 1 of all stations each month ranged from 1.47 ¢ 2.67 with_

"an average of 2.11. Monthly means of cooling loop stations ranged from 1.65 to
2.8 with a mean of 2.15. For Stations 3 and 4 combined, the range was slightly

- greater at 1,10 to 2.83. An ‘analysis of sequential trends in the cooling }oop

each month in Year-1 showed that, with the exceptlons of Novemhea and June,
populations in the warwest regions of the loop (the d}scharge and Station 1) had

if:f, the highest diversity values. In general, however, there were no easily distin-
guishable month-to-month trends of either constancy or. increases and declines 1n S

~species diversity in the dlrectlon of water flow. A comparison of mean diver-

S sity of stations 3 and 4 andrthe cooling stations shQWed that mean diversities

- were generally greater atrstations directly receiving thermal effluents,

rieeln Year 2, species divekéiiies ranged from 0.22 at Station 2 in January 1980 to -
. /3.26 at Station 1 in June 1980. Lakewide mean diversities each month ranged s
~ from 0,50 to 2.61 in Year 2; stations 4 and 2 had the'highést and lowest annue]a"

"5€,j'mean, respectively. A comparison of the mean diversiiy'df'stations J and 4 with'
/ _that of the cooling loop stations in Year 2 showed that locations closest to the -
1:5 ~discharge had the higheét diversity in August and September, when water tempera-
" tures were highest. Apparently, h1gh water temperatures were less detrimental

= “than would be expected accord1ng to the literature (Pennak 1978). Therefore,

°locatvons hav1ng water temperatures exceeding 30°C (thCh is a lethal level for

most zooplankton accordlng to Pennak (19/8)) were able to support viable

;zooplankton communities ln terms of rtchness of spec1es 1t is postulated that!,*"'r

ja large port1on of the 1ate ~Summer community was resudlng below the thermal
p]ume,(Sect1on 2), partvcularly in deeper regions upstream of the dam, where

6.10
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stratification was evident. Since the entire water column - was. samb!ed in these

areas, the high diversity may have prevailed regardless of the presence of the
- warmwater layer.

There were vefy few inStances in either study year where spécies diversity
gfadually increased or decreased in the direction of water flow in the cooling
loop; in most instances the data were extremely variable. Overall, the mean
annual diversity of zooplankton communities in Coffeen Lake for Year 1 (2.11)
and Year 2 (1.95) was within the range of variation expected and was similar to
a 3-year mean for Lake Sahgchris (2.13) but lower than the 2,27 computed for
Lake Shelbyville (Waite 1979a). e

ABUNDANCE OF MAJOR ZOOPLANKTON GROUPS

A familiar characteristic of freshwater zooplankton is the extensive variability
of organism density, both seasonally and spatially. Typicél curves of seasonal
abundance in most temperate lakes consist of a late springrbulse; a smaller pop-
ulation during late summer; a second, but less pronouncedgpulse in autumn; fol-
lowed by a reduced population in winter. In Coffeen Lake,iit,was questioned
whether the physicbthémical parameters associated with heated effluents might
alter or produce*étypical trends in the seasonal abundancerof rotifers, clado-
cerans, and copepods.. '

Rotifera

"The absolute aﬁundanCe:of rotifers in Year 1 was monocyclic at all stations in
mid-summer. - From that period, numbers gradually decreased to winter-time lows
of approximately 1,000 individuals m™3 in the cooling ‘loop and 20 times that
number at Station 4. In February, populations quickly recovered and gradually
increased from 30,000 to 50,000 organisms m™3 in April; in May, however,
fish predation, sbéciés succession and the complete'shutddwh,of units 1 and 2 at
the Coffeen GeneratjﬁQfStation (Fig. 1.1) probably accounteﬂrfor the decrease in
abundance. e ' R
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Therc were few trends in Year 1 reqarding shifts in rotifer abundance in the :
cooling loop each msntn Rotxfer numbers were variable from the di ischarge tn
intake}' numbers at the roollnq loop stat1on5, however, were generally more than
those at stations 3 and 4 from May through August. During Year 1, rotifer
densities in Coffeen Lake were “inversely proportional to the dastance from the 5
dlscharge canal, Station 4 favored the development of more littoral specxes,,
~many of which attained relativeiy high densities (ZS,QOQ to 140,000 m‘3). :

In terms of relative abundance, rotifers lakewide in Year 1 constituted 75 to
98% of total zooplankton numbers in July; in November through January, that =
fraction was reduced to between 1 and 80% in the cooling loop and 33 to 94%

at stations 3 and 4 (Table 6.4), The annual mean percentage of rot1fers for

each station in Year 1 progressively 1ncreased in the direction of water flow:
from 41% at the discharge to 57% at the:intake with 67 and 77%, respectwve]y,
“at Stations 3 and 4. While rotlfer densities increased progre551ve1y with '

distance from the discharge, the fract1on of total zooplankton that constttuted
this group was also larger.

It is apparent that within the community structure at various points from the:'
discharge, rotifers had relatively less tolerance of ‘either discharge tempera-

tures or current velocities, ‘both of whwch decrease at points downstream (see
Section 2). '

During Year 2, the largest lakewide pulse of rotifers: occurred aga]n in July
(45,000 to 145,000 organisms m'3). The total density then gradually

decreased to an early winter low of O organisms at all stations except Statlon
4. As winter progressed, populations quickly recovered and densities 1ncreqsed
“at all stations throuqh spring. A second-major pulse was detected in May. This:
trend was similar to that of Year 1, except the spring pulse in Year 2 occurred
1 month later.

For the period Sebtember to Deeeﬁber 1979, densities at Station 4 exceeded those
of the coollng ]oop stations-by 1.1 to 7 6 times. As suggested for Year 1,

,_,,,.._-.—--

for the development of typlcal fall taxa It is doubtful that the atyp1ca11y

6{1—35




- ;]ab}e;é.%. Ser(e?;;qe relative abundance of major rnrsplankicn Qrouﬂ;;in Coffeen {ake, July 1978 1nrouqnh
aar une 1980 T ' ’ R

. Station. iFJUT AuQ hep Gt Kov LY JIE TR T TR T May AV trewy e Ty Tl

YEAR ) - 1978-1979

‘Mean - Cooling Loopl

‘Rotifera” 86 76 42 a3

] 5 69 ¥4 67 82 47 4 76 49
Cladocera -7 16 23 6 5 ¢ & ¢ ’ 9 7 6 8-
Copepoda: * M 3006 15 9 44 13 3 9 17 30

NaupJ it 5 5 24 30 61 15 27 24 10 29 55 1 sl
Copepodida 1 3 8. 15 14 7 10 3 4 ? 16 4 )

ﬁe@m - Stations 3 and 4

‘Rotifera 9

6 9] 7 39 53 83 54 82 7 72 17 80 v

-Cladocera 3 5 8 3 1 . - 2 LI 5 5 3 =3
. Conepoda . . s 2 6 6 14 6 1 2 0. 3 5
Kauplii . 3 8 41 24 3 18 - 172 18 15 49 9 17

- Copepodida o 1 2 06 8 2 2 o8

1 2 1 4 13

Overall Mean

i Rotifera 8 8l 55 45 25 76 29 70 81 56 9 79

f 9 - 58

+-Cladocera 6 12 18 5 - 3 ] 6 | R | 8 6 5 6
Copepoda- - 1 1 2 32 8 % 6 6 16 2 8

‘Nauplii ? 5 - 19 34 49 1¢ 24 2} 13 724 53 10 27

6

/. Copepodida 2 6 12 N 5 7 N N T 1 3

YEAR 2 - 1979-1982

Mean - Cooling Loop!

44 13 3.0 17 8

Rotifera 87 2 61 84 45 36 26 42

Cladocera 3 4 18 RSN & 5 5 1 11 1 5 2 14 b
Copepoda - 1 7 7 11 37 28 5 AR 7 13 4 =11
Nauplii 6 35 52. . 69 31 40 11 157 12 20 37 39 - 30
Copepodida 3 0 11 13 28 11 3 4 .2 22 12 17 - 1

Mean - Statlons 3 and 4

4773 62 33 45 45

Rot!fera S92 33 38 5 § 24 80 ;

“Cladocera™...... 4 8 12 4 4 ] 1 17 01 2 2 4 - )
Copepoda™ - 0 5 3 8 14 32 9 13 3 4 9 2 : 8o
Nauplii: 4 44 43 72 60 33 g 2 22:: - 28 48 46 36 -

. -Copepodida 0 10 5 11 19 10 2 3l 4 8 3 -6

~* Querall Mean

Rotifera - 88 40 21 4 1 19 81 56 81 51 35 3 43
" Cladocera™ 4 6 16 - 4 A 4 1 13 01 4 2 n S 6
Gopepoda* 1 6 5 100 .29 29 6 9 2 & 11 4 10
Nauplif 5 38 49 70 .41 - 3 10 19 - 15 23 4] 41 L3
' Copepodida, 2 10 9 12 25 1 2 3 1 16 n 12 R A

7 1lncludes 5ntake. discharge, and Statfons’ l and 2
*less than 1 percent




- ‘.f'hlgh «ater temoeratures in Coffeen Loke durzng late summer of 1979 serlouslv
':“MIted rotlfer prqduction, since many of the highest densities {99,000 to
,145 ,000 Grgéﬂiims m’3) waré i the region of immediate d!gcharae durzng mid-

i

RS 1AYE=3iMaT.

~In terms of the highest relative abundance in Year 2, rotifers lakewide consti-

;vtuted 72 to 95% of the total zoop lankton commun1ty in July. The fraction of

» ‘rotifers was . smallest during October through December 1979 (<20%). On an annual
-~ basis, the mean percentage of rotifers for each station increased from 34% at

“‘the. dxscharge to 50% at Statlon 2-and then decreased gradually to 48, 46, and
:43% at the intake, Station 3, and Station 4, respectively. An unusual sltuat1on

,Jaecurred in Nevember 1979 when rotifers constituted DX of the total community at
:all sampling 3océtions'except Station 4. However, a r§z?§! quEhglléke 5

ig~g§1cochem1ca1 ‘parameters revealed no atypical. condltlons during. autumn and,
,,thus, ‘no - Impllcatton of the- plant S operatton.

"“—'?r"“'nm..»msrﬁ'""’“

£z éé& ‘3

- The abundance of cladocerans was Towest at all stations from December through
f‘March of Year 1,’with;densities ranging from 17 to 1,492 organisms m=3, By
_April, abuhdance had gradually ihéreased, averaging approximately 4,000 organ- =
Cieme m3 Takewide: by September, densities had peaked at 10,000 organisms
w3 at Station 4 to 58,000 organisms m~3 at Station 2. On a maathly
'rbasisrin Year 1, there were'no consistent inérease§,or det!ines in the numbers
: of. cTadocerans around the cooling Ioop' Cladoceran densities at stations 3 and .
4 were less than those of the cooling loop ctationc from May through December,
greater in February, and virtually identical in January and March through April.
i Annual means of c]adgceran abundance at each station in Year 1 generally
jidecreased around the cooling loop from discharge to 1ntake, and likewise,~ at
,~:stat10ns 3 and 4.

B Cladocerans constvtuted a relatvve?y small percentage of tota7 zooplankton for -
',7?5Year;2, the range was.. 0 to 27% with an- overall average of 6%. On a mean lake-:
. wfdegbasvs. the largest percentaqes occurred in August 1979 (16%), February 1980
(13%), and June 1980 <f,(7171x),,

the . 1owest pe“centages were in Mav 1980 (22),

6}157;5



1if5January 1980 (l%): and March 1980 (1%) The fraction of cladocerans at Path

'ffistatlon on an annual basis in Year 2 decressed from 8% at the discharge to 5% at

“'5 Station 2 and the intake. -The percentage was ‘lower yet at Station 3, but the

' mean at Station 4 was equivalent to that of Station I.

. The lakewide abundance of cladocerans in Year 2 was lowest from'ﬂovember'turough

. March, compared to December through March in Year 1. In January, February, and

“*"March ‘1980, all densities were less ‘than 500 m-3, By April abundance

S 1ncreased 4- to 100-fold (dependlng on the location), averaging approx1mat ly
1,550 organisms m -3, As in Year 1, ‘the peak -in Year 2 occurred in '

r'??Septembér, with densities ranging from 6,000 to 15,000 organisms m -3, ona

“monthly-basis, densities were variable around the cooling loop. On an annual
basis, the mean abundance of cladocerans generally declined from the discharge
to the intake, and stations 3 and 4, exactly the same as was found in Year 1,

'SVCogegoda

. The copepod fauna in Cofféen Lake was the only major zooplankton group to
: exhibitrtwo pulses in Year:1. Nauplii, copepodids, and adults were present in

low concentration in February; gradually increased to a peak in May; declined in - f

~June and July; and began increasing.in August to reach a second peak in
_November. Adults were greatly outnumbered by the immature -stages; in all but
- three collections in Year 1; nauplii,énd copepodid denéities surpassed the

~ mature forms by up to 960 times. Ouring individual months in Year 1 theré were
:i few d15t1nqu1shaole trends where copepods 1nrreased or decreased ‘around ‘the
:,:coollng loop. However, the annual mean of Year 1 for each station showed that,

while the density of mature forms was variable around the cooling loop, the

I numbers ‘of nauplii and copepodlds were relatively equal All forms at stations

-3 and 4 were present in virtually equivalent dens1t1es, but their numbers were
% greatly ‘reduced (40 to 50%) when compared to those of the cooling loop. -

:'IrThe re]atlve abundance of -mature copepods ranged from-72% of the total zoop]ank- e
‘fu ton in January 1979 at Statlon 1 to: approx1mately 1% at the following: (1) alt
-‘iﬂ'stat1ons in July 1978, (2) five stations in August 1978, and (3) two stations in

- 6.16

~September 1978, The annual mean relative abundance decreased from the diScharge'g/"




to'the intake (discharge, stations | and 2, intake), and likewise to stations 3

" and 4 (13, 10, 9, 7,6, and. 3%,'re§pectiveiy) The percentage of nauplii was -

.f~v1rtually the same throughout the coolunq ‘loop 1n Year 1 whx}e copepod1os were .
variable.

In Year 2, nauplii and copepodids agaih outnumbered their adult countefbarti

All constituents were present in very low densities in February {31-63 orqanlsms
m'3). Beginning in March, dens1t1e5 began increasing and reached their '
major peak in May. Populations decreased “in June and July and peaked again in
September. The density of naup]11, copepodids, and mature forms was variable
around the coollng loop ‘each month, ' '

The relative abuhdance of mature copepods ranged from 0% at Station 2 and ,
Station 4 in July 1979 to 62% at the discharqe in November. The Year 2 annual:
mean relative abundance decreased proqresslvely from 15% at the discharge to 8%
at both Station 2 and the intake. On a lakewtde ba51q in Year 2, naup111 and :
- copepodids were var1ah1e ranq1nq from 0 to 47%. Annually, nauplii percentages
were v1rtua11y constant throughout the lake (25-36% of tota) zooplankton) while
copepodlds decreased from the duscharge to Station 4. ' '

ZOOPLANKTON BIOMASSi

Although standlng crop blomass is presented in terms of dry and ash free. (tota}
vo]at1le  organic_matter) we19ht the latter was preferred when the. contents of
some samp1es were suspected to contain ]arge amounts. of silt, detr1tus, or
“slag.. ! ' '

fn Year 1, ash-free biomass ranged from 13 to 218 mg n-3 with an overai]
mean of 53 mg m™3. For the months of July 1978 through January 1979, ash-
free biomass decreased progressively around the cooling ﬁoop (from-Station 1 ﬁo
S}ationiZ, etc.). In February and March 1979, the amounts were virtua]]y"the :
'same; while:during the remaining period biomass was ouite variable. The annual
: mean ~ash- free blomass for each sampllnq statlon in Year 1 ranqed from 86 mg
m -3 at the discharge to 40 mg m‘3 at the 1ntake For 42% of the time - .
~{months in Year 1), the lowest values were at Station 3; while the hlghest were o
3”recorded at the d1scharge (70%) A comparlson of Statwon 4 data to those” of
: 6.17 R




the codling loop stdfions in Yeafrl showed that ash-free biomass in the:former

4 Was greater than the mean biomass of cooling 1oop stations in both summer {May-

'fr,August) and winter (December-February), but less in autumn and early spring
(Table 6.5). " : o

7 The organic fraction, described here as percentage organic content, was. variahle
from: statlon to stat1on and month-to month in Year 1. The monthly means of all

statlons ranged from 45 to 72%, while the annual mean of each station was 50 to

' *, 78%. For most collections, the organic fraction increased around the coollng

loop w1th increasing dl”f—nce from the'd;scharge That fact ‘may reflect the

~settllng characteristics of fly ‘ash-slag. partlculﬁtes 1ntrodured into the lake
w1th1n the discharge canal. B

to 126 mg m3 with an overall lake mean of 37 ‘mg m'3 These amounts are
approx1mate]y 30% lower than those recorded for Year 1. - However, a cohpakison
to otherrlake values (Waite 1979a) shows that- Coffeen Lake values are )ow on a
relative scale, but w1th1n _the range recorded for Lakes Sangchrls and Shelby-
ville from 1975 through 1978 : :

e amaT T . e i

Observatlon of the annua] biomass means for each station in Year 2 revealed a
gradual ‘decrease of ash free biomass from the d1schar9e to the intake. - Collec-
tively," the mean of these cooling loop stations equalled the overall ]ake'mean.
From duly'through November, the biomass at Station 2 was less than that at most
statiohssin the cooling loop. For the periodVDecember to June, the biomass at
- each station in the codling loop was less than that at Station 4,

{;rThe annUﬁT mean percentage of organic biomass increased by small increments froin
- 38% at the discharge to 54% at the intake in Year 2, suggesting that heavier
3;r1norgan1c particles, held in suspension by the turbulence at the dlscharge

-progressively settled out as the current veloc\tles decreased around the ¢ooling

the overa)) Yake mean-

6.18

During Year 2 in Coffeen L ake, the ash- free we1gpt of zooplankLpn ranged from 11

Toop. Thp mean percentage of . al] coolvnq Voop statlons was essentwa?ly equa1 to: e
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Implications ofrZooplankton Data -

ln viéw of the overall purpose of. this study. 3 two-year data set constst'ng of
month]y observatlons of the zooplanktan community structure during a period of-.
water management improvements was-not -totally successful Cons1der1ng that the
ldeal Situation would have included a minimum of 1-2 yeaxs of data documentan
the lake's decline and its low, the concept of a 2-3 year study during the:
“improvement phase would have sianificant merit, - As it stands now, it is diffi-
cult to distinguish cause-and-effect of water treatment improvements, per se,
ffom éxpected differences attributable to natural year-to-year variability.
lHowever, despite this drawback, it_is ju ggg_gggi_ggoplankton in Coffeen Lake :
during 1979 and 1980 were productive and viable. despite aty fical tempexature
reglmes, entra1nment, and unusual water chemlstry

In addition to the monthly cdlleciiohs of 200pfanktdn in Coffeen Lake,'efforts 
were directed toward several specific ec01001ca1 questions that relate to power
plant effects on these organlsms

LEPTODORA

Recent environmental studies of electric power cooling lakes in central ITI)nois
(Waite 1979a, 1979b, 1980) indicated a notable paucwty of the cladoceran zoo- y
plankter, Leptodora (Fig. 6.1). “Because this genus- has ‘been collectgd (1) in:
large numbers from other ncn-cooling lakes in I1linois (Shelbyville, Carlyle,
and Rend) and (2) from lakes and reservo1rs in_the northern linited States (new’
- records are being reportéd from Kansas (Prophet 1978), Oklahoma and Texas (HoTt
1979)), it was hypothesized that environmental conditions specific to cooling
lakesrwere detrimental for leptodorid biology. That Legtodora is absent from a
lake tan bé significant'eco7ogica11y;r they are:important links in food web
dynamvcs ’gguggn_g*_mggx and: te[ﬁlﬂilmfﬂffﬂliwlfiels When present in large
‘den51t1es, they constltute an 1mportant fraction of the fisheries' food base
(Costa and_Cummins 1972) and, due to their predatory feeding_habits, thcy can
effect changes"lg“pommunwty structure of prey organisms. To test the above
& 5hypotﬁ€§7§jﬁan-assggﬁment of leptodor1d blo]ogy cons1st1ng of two phases was
wundertaken : ' : '
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 Fig. 6.1, Drawing of Leptodora kiddtii (Focke) (taken from Costa 1967).




frffavor leptodorid productlon), it was assumed that the atypically high water

First, a preliminary sampling regime was initiated for 13 lakes, which repre-

sented the basic morphoioaical types <n Illinois: cooling lares, flood control

and ‘water supply reservoirs, recreational lakes, etc. The intent here wes to
: determinc whether the paucity of Leptodora was restricted to cooling }akes
This first phase was completed within-a 2-week period in September 1980 when
populations typically peak. The sampling program consisted of two toithree
vertical replicate tows from bottom:to surface with a standard 5:1 conical
plankton net at two stations in each basin. Ancillary profiles of dissolved

oxygen and water temperoture in the water column were also taken ot each
station.

'The results of the sampling work (Téble 6.6) did not support our hypothesis;
that is, Leptodora was found only in three of nine lakes that do not receive
heated discharge waters. Tﬁgggwggggﬂigg9§§}QQQ§QQ£J"D£§§Q*QQMLhe"onemijme
sampling effort for each study 1ake, environmental conditions characteristic of
cdoling lakes per_se (heat_regime, physical entrainment, etc.) may not he the.

N sole factor ]1m1t1ng the occurrence of Leptodora wn these “systems, The question -

was then changed to: what are the cond{tlons in both cooling and non- coollnq
lakes that disfavor leptodorid production and/or reproduction?

Phase Two consisted of conducting an extensive literature search for “information -

concernlng environmental requirements, feeding. behavior, and repraduction of

Leptodora. = Most authors agree that certain abiotic factors operating in aquatx«'{

”systems combine to regulate the.development and reproduction of Leptodura

(Cummins et al. 1969). Two factors that may be most important in the hiology of- -
this oraanisin are water: temperature,and photoper1odlsm (Costa 1967).7 The latter .-
s important in controlling the synchrony of the hatching of winter eggs in the

"spr1nq The photoperiod may also work synergistically with a sudden drop in

: water temperature in autumn to stimulate the production of -male forms and, niti-

mately, sexually- der1ved winter eggs.
xln the orlglnal hypothesis of this study (that cooling lake cond1tlons dis-

g,ftemperatures, aven in dmbient waters, in Coffeen Lake during late summer and

'{f,early autumn prevented. the product1on of males.  During th1s period -in. other

Jakes contalnlng Legﬂpdora, those populatvons reach their peak. HoWeVer,
e ' 6.22. '
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Leptodora can rarely Survive water Lemperaluyves 4
charges of 30°C and above at Coffeen Lake during

entire population before resting or winter ecggs £o:

The fact that ggggggggg did not appear >n over half 5t the noneg :
sampled suggested that many facté?%rare tnyolved in the success or faiigre af;f
tﬁeSé organismc within the biotic-ahiotic structure of lake ysi?ﬂ' In ;u%-;'f
‘ marv, hL,i,iashﬂrithally thought {a be an ancmaly in the oceurrénce of Lepto-
/. dora directly linked 19 cooling }ake cond:zaons 45 now considered a much more -
complex phenomenon which over laps

~many different types of aguatic ecojysaems.:ﬂr
BOSMINA

Results of both Year 1 and Year 2 studies of Coffeen Lake showed an unusually
low acurrence of a small-bodied cladoceran, Bosmina; these trends were irier-
preted as significant in lYight of thlr accurrence in other 1ates Quost!on'~

Do cooling lake characteristics, Such as 1ncrpased temperdturPS and pntraanmeng
restrict Bosmina productlon?

One poss1bxlsty is- that temperaturn and entrainment indeed aovern the dyndm1rs
of bosminid populations. but probably at a commuqxty level, However, in Lake
Sungchris, Bosmina occurred lakewide for nearly the entire year {Waite 1979a}.
One;bther possibility is that some water chemistry parameterrlémited their
production in Coffeen Lake. The pH range in Coffeen Lake was similar to that at
'La?é Sangchris and Qj§§koed,oxyggn,levels,were;wel}.above those required for .
most zoqplankters Unusually hiqﬁ levels of total dissolved solids, chlorides,
and sulfates (Sect!on 3) may indeed have an impact on zooplarkton biolngy, bu¥
tolerance levels are not well-documented in the literature,

A‘ségbnd hypothesis might be stated as follows: bosminids in Coffeen Lake are
subject to heavy predatory pressure by both vertebrates (fish) and invertebrates




- {Chaoborus and cycloposd copeptdel.  Steeuse

vertehrate predators leads to SUFOAG IAVErtehr 4t fradation and el
- larger herbivores. Tne refatively low numbery and “aomasy of

- biuegill stomachs in Coffeen Lake [Spetion %) -

-may be increaseq competitian for Boming hy invery hrate freda

~Therefore, it is suspected that the infrequent srcurrance of Bpemina in [offeen
. Lake was not §1f0(£sy rt}ateé to noqpr ol ﬁﬂ' rf{ﬁffgi byt iy prgbabfy the. ,'f:i

rosult of heavy pr?SSarﬁ by invert Quf3£ﬁ hrgﬁazgrg ifig. f.7),
ENIRA!NMEHT nézxoaﬂaeszig

Aside from the potential ghygén!ggisa§;ﬁ§f§gza ot wasle neit ﬁﬁfaau§§éf hiota in
the receiving systems downstresm of power plants, one ot the mosl important per-
turbatlons to these systems i< the comiined e#fferts of heat with the physizal
forces resulting from entrainment through the plant ﬁ:anﬁf;, Bégcause the mﬁqzr'
3]
entrainment work has beén directed toward perfecting figh sampf=uq Wfihnd

obvious effects wern inttially assoacrated with fich productinn, much’ of *se

ogles. It is also assumed, however, that plaritanic ang benthic :nvertehraté%
ar- affected by entrainment, byt methééa%agéés have f sobp cases preciudéd an
dcuaraterdn'nkmina{ion of mortality rates. One of the abjectives nf thi sub-~-
project was to assess two techniques n terms of their simplicity ang rﬁéigbi%%
ity for measur;ng zDopianxtan entrainment : ' '

Me tﬁog' DOne

The first mathod tested was ATP éd“ﬂﬁ\‘ﬂﬁ trighosphale) s.s3y.  The delerminas
tion of iive b!omass in aquatic ecosystems ‘has been f:uaty e by the prﬁiﬁnrh
of non-iivnngi particulate detritus. Gravimelric techniques twh::h were
utilized in the biomass determinalions discussed earlier) are often ijtab%e :
~when tota! orqanxt content is required, but are unreliable for determinations q(
ive biomass ssnce ‘total mass contains non- ¥‘V!HQ arganic constituents {Weber
1973). ATP assay- can be an ideal method for live biomass ectimates heraugo :vf
is found. only in living cells and is detectabxv even in very small amaunts, iip
;f is extracted 3n a boiling Trts solution and §nJefLPd into 4 luctfprxn 1uc:ferase
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Relative Size of Zooplankters

[P SR

Influence of vertebrate (fish) and invertebrate predators on 200-
plankton prey populations. Lack of vertebrate predators leads to
strong invertebrate predation and dominance of larger herbivares,

- The reverse leads to dominance of smaller herbivores, The former
- situation supports the proposed hypothesis regarding Bosmina . in
- Coffeen Lake (derived from Stenson 1976). - ' o




(firefly) preparation, where, for each mb%eCu%e of ATP hydrolyzed, one photon of
light ié'émittéd. The'concéntratibn of ATP in 4 sample can then be caleglated
by measuring the intensity of light with an ATP photameter. Detailee methods
are described by Patterson et al. (1970), Holm-Hansen (1972}, Weber {1973}, APHA
et al. (1975) and others. | ' ‘

The proposed use of the firefly assay ideally would be two-fold: (1) to develop
a method that close]} estimates the degree of entrainment mortality in ihe
discharge or other regions of the receiving systems, and (2} to determine
errall viable biomass fractions of the -standing crap anywhere in the sfstem.:

The scope of work for this methodology, which was tested during August 1979,
included the following pO\nts Répl'cate samples of plankton were col?bcted:

from both the intake and dwscharqe canals with-a Waite-0'Grady filter pump
(whtch ylelds low sampler-induced: mortalutles) Sample times were varied so -
that measurements could be: made dur1nﬂ periods. of pumped dwscharge under both:

heated and non- heated conditwons In thrs way. measurements rculd be made

during different phaSPS of the p}ant S operatlon to assess component stress

parameters (1.e., temperature, mechanical abrasion and shearwng forces). The
fihal data could be interpyeted,hy developing'an index in which the»pefcent :
survivorship would be expressed as the ratio of ATP-discharge tofATP~iniake
times 100. '

After throp dayllght collectlons were taken, the data were found to be éxtremély
variable ‘and ‘non- repetitive, so sampIIng was dlscontvnued’ The ‘data were.
lnvalld:to the extent that they will not be reported here. ATP éxtraéted frbm
paired intake and non-heated discharge samples was, howevéf, more- consistent
than those pairings involving heated discharges. In the latter case, hoth ATP
per unit volume of water ahd ATP-per unit biomass were greéter in the discharge.
These results ‘led us to consider some other conditions and assumptions.

One important assumption of the ATP assay is that concentrations of ATP/cell.
remain constant from one individual to another, as well as among_species.
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- Theoretically, however, 3 relationship between AIP and biomass can be considered

valid only if physical parameters affecting metabolic rates (i.e., temperalice,

salinity, etc.) are considered.

A second assumption is that the assay measured ATP derived only from Jive cells.
~ This condition is easily justifiable, since lysosomal action following death
~causes cell rupture and the released ATP underqoes rapid hydro}ysis.r

Two conditions must be resolved for the use of ATP assay in entrainment studies.
(1) Water éampled in the discharge must be the same water that was sampled in
,'the'fntake. Knowledge of travel time through the plant and appropriate
-scheduling of sampling satisfies this condition. (2) The most critical condi~
‘tion, however, is the effect of7temperature on the steady-state levels of ATP,
~An increaSé of -environmental temperature will génerate'increased metabolic:
,activity,'which significantly affecté'steady state 1e§els.j This becomes a:
:cfitical'pOintrin closed cooling lake systems where the difference in tempera- -
“ture between intake and discharge is ﬁsua]]y gréaterithan 5°C. = Thus, during
E periods of heated discharge, higher ATP levels recorded for the discharge would:
,fprobdbly not be indicative of greater liVe'biomass, but, Fathek, of increased
!imetabolic activity. One way to resolve this problem would be to increase or
“decrease the temperature of the,sampied water so that the temperature of hoth
intake and discharge orgahisms_would'be the same when they were killéﬂ, ?rob-
~ lems of cheosing an appropriate-acclimation time and of minimizing sampler and
',hand)ingérelated mortality are'unresb]ved, This methodology, originally thought
to be simple and applicable to field cnndftions, was not suitable and is not
_recommended for entrainment studies. '

: Metﬁod Two

Vital and mortal staining techniques are qaining popularity for determining live
- from dead individuals in  freshwater plankton. A mortal stain proposed by

é Seepersad and Ckippéh (1978) was found to be an effective tool for such distinc;
“ tions in powefTp]ant-entrained”zooplanktoh. The method had added uséfuldéss in
'f}jred6Cing,broldnged handling stress and in enabling the researcher td,anaiyze :

. them at a later date. This method was assessed on Coffeen Lake zooplankton in

- spring 1980.
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Zooplankters Qere co]iected from both therintake:and,disgharge regioné ;

- (repreSenting ambient “and heated waters) with a filter-pump apparatus (waiterand;
- 0'Grady 1980), which is known: to reduce sampling-induced mortality. The

. organisms'Were rinsed (with lake water) into a small sieve, which was immersed
in an aniline blue dye solution (5 g aniline blue 100 ms'l distilled

water). At the end of a l5-minute immersion period, the sieves with organ\sms
were removed from the dye, rinsed, and subme'ged,xnto hot water. The "heat-
killed" specimens were then transferred to bottles c0nta$nihg 10% formalin.
Optimum temperature for "heat killing" wes 50°C. Temperatures above this level
yielded partially stained,individuals'and 75 t0 90°C temperatures resulted in a-
total denaturization of protein; - thus no distinction beiween live and dead

- organisms would be possible. R '

ertually all samp]es collected adJacent to the intake screens conta}ned entire-
ly unstained \nd1v1duals, these results, in-addition to laboratory testlng,
indicate no immediate effects in ‘consuming the dye. ~Often the organisms had the
dye perticles in part or alljof their quts. Although some organisms. sampled
from the discharge regions were partially stained (indicating a possible mori- -
bund condition),'mo¢t were either wholly stained or unstained As expected,
large- bodied cladocevans, copepods and even rotifers were sta1ned {ndieatiho
their: qreater suscept1b1]1ty to entraunment mortal1ty °rel1m1nary calcu)at:ng

e

returnlng organlsms were dead The fact that these orqan)sms have short repro-
duEE?ve cycles fac1!1tates the recovery of their population numbers - in down-
stream waters., These data are slmllar to the estimate obtained for Lake :

Sangchris (Waite 1979a).

Of the two methods examined here, the dye technique was far superior in' terms of
eimplicity of both field and laboratory procedures. Since several larval fish
collected with the zooplankton were also dyed, this method, thh modlfxcawtons,
may be also effectvve for mortality studies of larval fish,
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SECTION 7 -
BENTHIC INVESTIGATIONS AT COFFEEN LAKE
7 bf
Gary L. Nurrénrdnd James H. Buckler

ABSTRACT

Eighteen benth1c collect1ons were made at Coffeen Lake du'sng the study period
in order to asceyta;n the effects of new wastewater treatment faC\th\ee and the
heated dlscharge upon the macroinvertebxate communwty Mean total dens:ty,,

Sangchrxs and She]byv1lle, I]llno1s, however all three )ako are :olat1vely

[ e e e i ko e o

unproductive when compared to many other lakes in North Nner1ca and Lhroughou
the world. . One_hi hundred eleven macro1nvertebrate Laxa were collected from
Coffeen Lake; three major- taxonomic groups Ol1gochaeta, Fh1nonom1dae, and -
Chaoboridae, dom1nated the lake in total abundance These same groups,,along'
with Ephemeroptera, dominated total biomass, Dominant oligoéhaetes includedf
unidentified immatures, Naididae, Dero digitata, Aulodrilus pigueti, and ,
Paranais frici; dominant chironomids were: Tanypus, Coelotanypus, Polypedilum,
Cryptochlronomus, and Procladius. The lone dominant chaoborid was Chaoborus
punctlpennxs S :

Statidn | was the sampling 1ocation nearest the heated discharge, and was ovér—
whelmingly predominated by the oligochaete taxa listed above: predatory midges
were also dominant at this location. ~High tempcrgturos and _low dwssolved oxygen
ancggtratlons dur1ng the summer months excludgdfmany taxa from the dwschatge
area. The Station 2 comnunity was dominated by C. gug&£1ppnn1s and conslstpntly
'had the lowest b1omasses den51t1es, and numbers of taxa of all statlons

~ throughout the study The extens1ve _profundal zone. and summer thermal -
stratxflcat1on prevented dlvers1ty at Station:2 from hexng greatcr The

'commun1t1es at Stations 3 and 4 were domlnated by Ch1ronom1dae and . were- typ1cu1 ,Lf
;of shallow mldwestern lakes., Dlvers1ty 1ndcx values_ 1nd1cated 11ttle stress on ¥<

'the commun1t1es at_both locatlons. A qenera] S]Ight increase in den51ty,

7b1omass, and d1ver51ty as the study progrebsed was noted at al)l stations except L~

rStatlon 2,21nd1cat1ng a sllght 1mprovement in ‘benthic habltat Qquality dur1ng the f
/i Tudyjperlod S -




 INTRODUCT [ON

Benthic macroinvertebrate communities, due to their trophic position, are an
important component of freshwater ecosystems. The densities, biomasses, and
taxonomic compositions of such communities are determined by abiotic and biotic
factors imposed within the ecosystem; therefore, these complexes of organisms
are indicative of the conditions that have prevailed during their development

and aid in the assessment of the water quality and biological condition of 1akes
and streams.

The benthic investigation at Coffeen Lake has been conducted as a part of the
program to evaluate the operational effects of CIP's Coffeen Power Station. The
specific objectives of the benthos program were: (1) to determine if the
quality of the henthic community improved as a result of refinements in
wastewater treatment methods, (2) to evaluate the effect of waste heat discharge
upon the'benthic community, and (3) to compare the benthos of Coffeen Lake to

that of two other central Illinois impoundments, Lakes Sangchris and
Shelbyville.
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METHODS AND MATERIALS

"; Eighteen benthos coT\ectlons were obtalned from Coffeen Lake during the study
' period (September and Novembo:, 1978; January, March, May, June, duly, August
Spptember, and November, 1979; January, March, May, June, July, August, :
- September. and November, -1980), Each collection consisted of 40 samples; two

fiz repllcate grabs were- taken at each of five sampling sites along transects at

o Stat!ons 1, 2,3, and 4 (Fig. 1.2). Samples were obtained with a pgt\te ponar-
7 dredge (surface area sampled = 0, 024 me), washed ina U.S. Standard No. 30
71,51eve bucket, and preserved w1th 10% formalin. In the lahoratory each samp]e
was examined separately under a stereod1ssect1ng microscope with magnification
to 40X. Organisms were hand-picked from detritus and 1norgan1c material,
identified to the lowest positive taxonomic level utilizing the llterature in -
1‘Append1x A7.1, counted, and wet - -weighed. - Raw data were converted to number or
- milligrams of organ1sms per square meter. ' ; '

) Organisms that required s]1de-mount1ng for 1dent1ficat10n, such as Ch\ronomlda9'
and 0ligochaeta, were cleared in 10% KOH. so]utxon or Amman's ]actophenol and
~mounted in Polyvinyl Lactophenol or Hydramount; Identifications were then made
', using a compound microscope with magnlflcatlon to 1000X. '

: Ancnllary measurrments taken concurrent]y with benthic collections included

bottom depth and temperature and d1ssolved oxygen just above bottom,

o Weasurements taken during collections from July 1980 through Novembev 1980 are
: 1ncluded in Appendix A7.2. ' '
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RESULTS AKD DISCUSS 0%

'fgf ln order to examlne the benthos of Coffeen Lake in on;speet\»e data desc :ibxng
'lfrthe benthic communities of two other central 1)linois impoundments, Lakes
“?'Sﬂnqchrus and Shelbyville, are presented for COmpalatl{P purposes, %oth'lake
o Sangchrls and Lake Shelbyville are. newer and-larger than Coffeen fake, but are
;l751m1lar in many key morphometric characteristics {Tahle 7.1). Lake Sangchrls
1i was created hetween 1964 and 1966 as a source of cooling water for Commonwealth
'ii Edlson Company's coal -fired Kincaid Station. “The lake is supplzed by 2 Tow-
Jf,qrder stream (Clear Creek) and has-extensive littoral areas. Lake Shelbyville
©was compieted in 1970 by damming the Keskaskie River.  The primary purpoée'of
[: the lake is flood control, hence, the water level is suhject to. fluctuation
throughbut"the year (McNurney and Larimore l980) Swadener and-Buckler (1979)
© found the two lakes to he similar in mean biomass, mean density, and major

' taxonomlc group composwtlon o T

Table 7.1 Comparison of majer morphomelric characteristics of LJkES
~Coffeen,” Sangchris, and Shelbyviile.

Coffeen : Lake ': l.ake

Parameter o Lake ~Sangchris Shelbyville
Surface area , 446 ha - 876 ha- 4,490 ha:
Mean depth 5.7 m o 4.6m O 8,9 W

Maximum depth , 177 m a0 137w = 19.8 m:
Vo lume 27.2 x106m3_ 37,4 x 106m3 267.0 x l06rn
Surface/volume , 0.16 m-1 . 0,221 0, l7m

“ratio - - : ' o o

Volume development - 0.97 g 1.08 - 0. 75 ',,
1.7 -

‘Shoreline development 10.6 a2 ’ 1

8 One hundred eleven macr01nvertebrate taxa were collected from Coffeen Lake over jf

- the courSe of the two-year study; the number of taxa collerted durlng a sungln
:f;f sampling period ranged from 26 in January 1979 to 56 in May 1980. Durlng the
'5??f~two-year (1976- l977) study of Laxes Sangchrls and Shelbyv1lle 88 and 78 tdxa
>;;§ respectively, were collected with ranges. of 29 to 48 taxa found at Lake -
1fSangchrls and 24 °to 44 taxa at Lake Shelbyville (Swadener and Buckler l979) R
The total number of taxa present at Coffeen Lake appeals much- larger than lhe , i
: 7.4 : - P




total taxa at Lakes Sanqrhxxs and Shﬁ ynx%%r however, 3
from the latter two 1A\LS were not tdealified 933L'¢n( Clang leve)

separate ol1gnchaotL Laxa were 1dnn11f|vd fram ,afisex Lake, Lﬁ u"zhﬁaé .
addltlcnal taxa the total at COffﬁﬁﬂ Lake fa!:g within: r¥1 range hetdeen Lakes =
Sangfhris and Shelbyville,

Table 7.2 compares the m@an total dnn51ty and: b\o 35y al Lakes loffeen, ,
Sangchr\s, and ﬁhelbyv1lle As was the case nllh total tara, values from
foffeen Lake appﬁar imllar to. Lh0§§ of the nihpr ‘central 111inois lakes (an

!mproved method of enumerat1ng ol\gmchaﬂtns acrcuxtpd for the mean density at
Coffeen Lake being substantwally iigher than the ather iasugﬁ- however, Lhe
values listed for al1 three lakes are quite low when cawpared to thos e of dayesr
(1957) worldw1de study of 251 lakes ;anqan from high to low pvoiucttv:ty The
lowest mean biomass reported by Hayes was: 7,360 mg/m? for lakes of Lhe Flnnlsh :
region. Data from a wide variely of lakes s:wnarlzed by dw'rel (19/5; also

support the conclusion that the benth!c comnunlty af Coffeen Lake: appnars Lo bef
noL h\ghly prnduct1ve

Table 7.2.  Mean total bicuass and density of tLhe hﬂnthwc
communities of Lakes Coffeen, Sangchris, and
Shplbyv1lle,, : :

“l.ake , : Biomassk ‘ “Densit ,
7 “(mg/m?) - (no./mdy -
Coffeen , 1330 1456
Sangchris , : = 1381 ' 1015
Shelbyvil]e : , 1415 - 1081

*excludes weight of Mollusca

The seasona] fluctuatlons in mean Lotal biomass and mean Lotal dens1ty at- Lakes
'Coffeen, Sangchris, and Shelbyville: are presented n llgurP T, AL Coffeen
Lake mean density ranged from 504 organ1sms/r in January 1979 Lo 3, 460 ,
, orqanisms/m2 in-June 1980. Mean biomass ranged from 557 mg/mé in Jeptembﬁx
21978 to 2,776 mg/m2 in June 1980 (b1omass of Mollusca excluded). Mean W;
vdensities and biomasses were generally lower durmng the winter months and - ST
h1ghest in the summer, a pattern of ‘seasonal f]uctuatxon whuch is unlwke that 53:7" ?
' ' e 7 5 ' T
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Lypically found in Takes ., Mnnity and nioaeaie o faRtse o G
generally at their lowest point ia variy o 1 g L, A .

ﬁrEQatiﬂﬂ., Reproduct ion ENRGCa886% LR ngshir g anit niaans 1 ot 1
Lhr?uqnﬁul tnesummkr . Ihe rate of tnoreane 1u 40 sa, Mawi g
o RmErgents, ‘mnrﬁaxi!y. and: prodatian,  Sopulitisey 4re ar theos

,,gdtﬂ fall and Li"tj wint C:r whirn R GENL S fent, fesr tng o Giart

Ty 37F B

ﬂjﬂﬂﬂgﬁ continues o ¥ncre63e'durlnﬂ—QN@ cWintor ooahtie dangit tay

stigntly {Wetzel 1975). in 3 normal siluation, densit, il nigmacy during

“Ainter would expuctedly be much greater than in cuammer. Tnes patlesrn wan oot

Byadent iatne data collected from Coffeen Lake dus, propaily

Y 1 he
employed daring sample procecsing,  The 690 un Siees oo FHU DI RCH IS SRETETH

many early instar insects. and tmaature oligochastes to FRAPe dyr g

Sprocessing peocedure,  The real seisanal patitern of Ylastyatinn 3t faffnen ke

“was probably similar to that of 3 typical lake,
7 ¥t i

~Mean monthly biomass and density vatues from Lakes Sangoneis and Shainyyi

(Fig., 7.1} are not, dvvﬂct1j comparable Lo those trom Cofleen »BeCanh e the

Flgure 71 that o T

b

studies occirred in dv(ferent years, U i ayigeny ¥r
“seasonal “luctuations in hiomass at the three lakes were 4l $imes ﬁar;'a:zi‘a?
~while fluctuations in density at Coffeen Lake atrareed oy cannar pradtty
opposite to that al Lakes Sangchris and Shelbyviils,

“Three major groups of organiqms NO‘i§Othﬂ£irfaqUi’i* wWorasy, Thirsnomidae {L%Qe—
 midge§) and the phantom midge, Chaoborug puntipennis, dominated the benthic :
compunity of Coffeen Lake. These qroups accuungud for 35,1, 34.4, and 16,71,
rrespectwvely,'of the total organisms collected, and 72,8, Eﬁ.gigndfll,ﬁi, ,
respectzvely, of the totalrbiomaSS (Fig. 7.2). VThérinéetLVérder Ephomeropter
:(mayflles), although not a domindnt group in tolal numbers JCfnuntod'far'7ﬁ 9%

of ‘the total biomass (Tig. 7.2). Previ s studies hauu shown thoge safe Majsr
~groups to be déminant;(accountxng for nearly 90% of the Lotal dumbers and
;bidmass) in séVera1 other Itlinois lakes (Dufford et al, l?)/a and b, ¥978d EYTH
‘b, Swadener and Buckler 19/9) Figures 7.2 and- 7.3 compave Lhe percent
' jcomposittons. mean total densities and mean total biomass of the major grﬁup*
i'dominating the benthtc communities at. Lakes Coffeen, Sangchris, and Shelbyvitle.
Mean densities ‘of - 011gochaeta at- Coffeen Lake are not comparabln to Lﬁasé-at :
: ; o 1.7
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RSN AR
'indif du&% i‘:axirs f;;{m_—-f trgn Yo tean
gm.& BN &3{&.‘?—1&3::-‘, 45 SW‘;* 1! Xv%; A5t ,»rffr‘ B any of Tten ” '3,-,;-;,,?,1,

doninating Coffeen Lake ars VEry similac o ingce

CExceplion of Ephemroptecs and M) igachaet 3 Binmais

si the {?héﬁefﬁgtﬁfg Birmass 3t both lakes

4ﬁtagsni¢ A hyrrgwing deteytivore that g

Yack of such areas at fuifenn Lake may accs
—z‘}!’{s!&é'%‘ 4l Lhe for aar 1ake ifji’pn(‘gfiz n;g 7
mg/ml. Mean tota) O3 \QgihAPiu higmass at i%fiﬁeéj;,fﬁ"
Sangehris and Shelbyville by over 100X {Fiq. 7.3,

Aot it

O vgochaetes at {offepn Lake ate ur‘réx} sli 34 }{‘s‘) 1 inearest L 'sﬁ%';-f;fhir:go.‘fé_

Armopopaistions typically thriye in 'h’-ﬂmi Aress {provided the teuper vl grs
1ot exceed tolerance Yoyels) and this @3y acLount for Lhe Righer olignohaste

biomass at Caffeen Lake, Although Lake Sangehicis

1504 hegted

‘discharge, estinatod bigmass of oligochnaete populatiuny sy nave bees loker

:at Coffeen Lake-because the discharge slation collected sjliaagéﬁar and 4 7
{1979} was 1.5 kilometars farther from th ¢ discharge £nal than was Statisn 1ot
Coffesn Lake; therefore, Coffeen Lake Station 1 received more 'huyrsi lnading

which resylted in larger populations and biomass of dligorhaeta.

,?hn #ean tolal densities of Chironomidae at {akes Qofféen,ﬁiangzhria;,andj
Shn!byva!ie were all between 450 and GBG/mr, bowever, biomass of Chiraonomidae
at lakﬂs Coffeen and Sdngchris was_much lower than that at Lake Shelbyville
';(Fiq 7.3). This difference was accounted for by the presence ¢f the At deger
-ganuys Chirononu, in large numbers (20X of tolsl den:it; and 56% of tolal
fbiamass) al Lake Shelbyville.  The samé genus was a vozy small rnﬂﬁtx{unnt of
~the tota) densily and total biomass at Lakes Coffeen and Sanachris; its
'rocurrence at Coffeen Lake was quite rare (less than 1% of Lotal density and
’fblomass) Chironomus are tube—bu11ding herb1vore-detr1t1vores that are -
~ considered primary c0mponents of the profundal bcttom fdu03 of very producl!ve,,
7, 10




'alrﬁph‘ﬁ

,ﬁfefvr a'“ Ahundant

5&4!!04 i Lqréﬁg
ﬁargln aﬁé Sl

the disrharqﬂ ranat

Kb

Qankings of 1he ton mgot dominan
foffeen, Sangchris, and Shelbyy il
Unidentifind rrmatare oligachaet
panctipennxs, and three qonsra o
9331996534%; wirs Lhe mas!

These taxa are all yvitad
Yive on or in Lhe <ubs
along with sediments,

punclipénnis, Tanypus, ang suv si*ﬁzgpa

ol

and rooplaniton are their gvins%§4 jirey

Pastorok 1989, Polypedilus are grniy

strictly herhivora-detritivares {Jerrity ;
dominated by the mayfly ﬁéragenig, which seros

but was present o relatively small namhers

taxa dominant in bionass were the sane 45 those nant inralatiye abqﬁégsgﬁ,
#ilh the exception of Bryazoa. This trap i

typical for a Iak”

5“:i§a’ﬁ!~§fﬁy} ary

1!34Slﬂ13

ﬁagor difference in 9dt)ﬂ011£ r]ﬁxlng A'anq the ?hfvv Vakes in tng presence of

two genera of Ch:ronomwdaﬁ (Chlrongmua dué ?ror%aésus; Tothe top five at Lake

%hclbyvifig that eccurred in much tmai%; Aymber g’ at {akes

Lutfeen and :
Sangchris, The cgasons for the differences in abundancr of ?21[952222 have been
@iscussedipreviouﬁly. Procladius is a C§fﬁiv5rauﬁ mewer of the §ame Subfamsly
j(Tanypodihae) as Tanypus and Coelotanypus, which were among the top taxa in
abundanéé -and bichass at Lakes Caffeen and %angrhfia.' ?!GCladiu\'fgp]dh gfghe
';latter two genera at Lake: She!byvxlln due Lo its aref»xvzﬁe for a,grgrundaS.

;,habitat (%errttt and Pummins 1978 Swadener and Buckler 9?1}.
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~Station 1

[y 3 Pt e
SR e e

ﬁﬁt@tfon'lrwas the sampling location nearest the discharge canal, hence, it was ‘; ' '
<7‘:thé?afeé most. thermally influenced. Mid-channe) bottom tochraturrs r1ﬁgédif:j§i_f' ”
- betweer 010 and 13°C during the winter months to a maximum of 35°C during U the
"f;summer (Fig. 7.4). Temperatures in more shallow areas of coves reached QD‘” : 7
. f;durlng the summer (Append\A A7.2). Mid-channel dissolved oxygen conzenLraLronS'ir '
,f'_;on the bot;gm*ranged from near 1 ppm in late August and September to 9 and 10 -
}f}f}meflﬂ_ﬁﬁgwﬂiﬂtﬂrwm99ﬁ3§ (Fig. 7.4). The bottom in the area of Station 1 was T
"il éoﬁé:;d'with deposits’of silicate slag that originated from the power piant;;(hg'zfr'l
 ",,'phySital properties of these deositions combined with the high fpmparatufes and é -
':;1 'low levels of dissolved oxygen to make the Station 1 habitat intolerahlie to many N
‘,i; benthlc taxa during the summer months,

<Oiigdchaetes overwhelmingly predominated the benthic community at Station 1 , f* ﬁ:}';
7}(Fi§ 7.5 and 7.6), accounting for 69% of the total organisms collected. - ey
:”Densxt1es and biomasses of worm populations were highest during spring, dropped. -
~in June and July and peaked secondarily in late summer (Fig. 7.6). The high S
: 1tg~ggratures and low_ concentrations of dissolved oxygen present during the :
”'::summer apparently did not exceed ol1gochaete tolerance lovels, and may have
irfbenef1ttéd'them by increasing their bacterial food source (Wetzel 1975) and
"5exclud1ng their predators, such as Coelotanypus and Tanypus. Twenty-seven
f,oligochaetertana were collected from Station 1, eight more than at any other
, 'statibn The most abundant oligochaete taxa were: wunidentified immatures. -~ . = -
57(686/m2), unidentified Naididae (225/m2), Dero digitata (?06/m2), Paranais 7 fl
7 'fr1cc1;(139/m2), and Aulodrilus pigueti (72/m?). D. digitata and P. frici L
~_were the species most abundant during the population peaks of spring; P frici frici

- was absent from all stations but the discharge, while D. digitata averaged )eqs,:iiri
- than 18/m? at all other stations. Unidentified immatures were the most
"ifiébyndant,oligochaetes during the smaller population peaks of late summer.

lr{OEﬁéryimﬁohtant taxa at Station 1 were C. punctipennis (160/m2) and the e
thonom1d Polypedilum (125/m2) Mature C. punciipennis larvae are '

et o

5'nhabjtants of the profundal sediments during the day and are plankLon1g

‘pred ‘orsﬂat”night. Th!s ability to migrate through the water column may have 3”7;7;}*
s 7.14 .
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allowed these larvae to tolerate the high temperatyros and Jaw miygen -
concentrations that characterized the bottom at Station ) a3t times du"lq *nn
warmer months. Chaoborus feec largely on zoop‘an»t;n but have nvhwh;~»n 2
preference for Oligochaeta (Yetzel 1975}, a food source in 3;va& abhundance at
Station 1. Peaks in C. punctipennis densily and biomas< usually occurred one
month after peaks in oligochaete abundance (Fig. 7.6),

The largest densities of Polypedilum occurred at Station 1, making it one of the
few taxa most abundant at this location. However, in only one collection (June

1980) were individuals of this genus present in large numbers (1921 /m?) . Many
Polypedilum species are associated with aquatic macrophytes (Berg 1950), while
others are tube builders in soft sediments {Thut 1969). The genus includes
herbivorous and predaceous species (Merritt and Cummins 1978), Since
Polypedilum were not speciated in this study, the trophic role of Lhe genus at.
Station 1 is difficult to ascertain.

The high temperatures measured in coves at Station | may have precluded many
insect taxa. Gaufin and Hern (1971) reported a TLy of 26.6°C for Hexagenia-
limbata. Hubbard and Peters (1978) reported that Caenis did not occur at
temperatures above 30°C.  An upper tolerance limit of 33°C has been indicated
for many Chironomidae (Curry 1965). Densities of Lhe predaceous midges Tanypus
and Coelotanypus were low at Station 1 (3 and 7 individuals/m2, respectively),
and increased with distance from the discharge. Tanypus and Coelotanypus
depend upon oligochaetes as a major food source and would be expected to be much
more abundant in a similar habitat free of thermal influence. In addition to
excluding taxa or causing depressed densities, high temperatures may cause
community respiration to exceed bhiomass production, resulting in smaller, weaker
individuals. Reduced fecundity is another serious sublethal effect of high
discharge temperatures. Lowered egg production can cause recruitment to fall
below the level needed for population maintenance, resulting in the lYocal
extinction of a species. Despite any of these influences of elevated
temperatures at Station 1, total dgnsaty~andmb1omass and Lhe dens1t1us ﬁﬂﬂm
b?SEZI;es of the major taxonomic groups present increased. from summer 1979 Lo
‘Ssummer 1980 (Fig. 7.6).
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“Station 2

Heat originating from Lne power plant was gl the ,dam gfaa

(Lichr 1979), 50 Foftsw temperatures at Station

dlsrharge Tha' major-factors influencing henthic o

a!;%lj dove lopment f..t
]ocat\on were depth and low concentration, of disaslyed axygen,  dDepthsogf
collection sites ranged from threa to 15n [Appendix A7 .2} "id-channel R
dissolved oxygen !Qveisrranged from 9.9 to 10.0 ppm in late fo') and winter'ig,; L
as low as 0.} ppm dur}nq the pecioad of thermal s'-at%‘*zatxnn In June, julyy =

[P

August, and September {Fig, 7.3) Dissolved )rjjwn nvve: fell below 4.0 ppm. 1u 'i{'\ ,
Y ATr
i )

}1Ltora1 areas of the coves sampled,
Station 2 had the lowest densities, hiomassés‘ and Laxa numbers throughout tne L
study (Fig, 7.5). Organisms were collected from the littaral zone (3.0n aro
'%ess) on only five occasions fSeanmhnr and “ovvmanr 1974, June, August, n1
NoVember 1979). C. punct\pnnnws predominated the Station v rommunity (Fiq,

7.5), accounting for 52% of the total abundance {ﬁgjfm?) and 50% of the total
biomass (1139 mg/m?). As discussed previously, C. Eﬁﬁéliﬂﬁﬂﬂii are inhabitants

of the profundal sediments during the day and migrete to feed in the limnetic
zone at night; early instar larvae may be entiraly limnetic (Wetzel 19/75).  The
~Station 2 habitat would seem to be the most conducive of all Coffeen Lake L e
stations for the devclopment of a large C. gﬂg&}jlgzylii—pouulation. The habits

of diel migration through the water column allowed these larvae to survive

during the summer by rising from the hypoiimnion to-levels of higher oxygen
concentration. During thPVpGriOd of summer stratification at Lake Shelbyville ﬁ
C. punclipennis was found Lo be the only organism Dtﬂﬂvnt in the hypolinonion
(Swadener and Bucxler 1979)

~ Other dominant taxa at Statlon 2 wera: unidentified,ihamtururoligochaetes'

- (94/m2), the chironomids Coelotanypus (80/w?), Crypiochironomus (44/m2),

' ;Procladlus (44/m?), and biting midges (Ceratopogonidac) of the Palpomyia
fcomp]ex (51/m2), These taxa, except for the ol\gorhaLtos, are predators with

~no special ability Lo wwthstand long per10d5 of low oxygen concentration, The
g abundance of _carnivorous L*vg at Statlon 2 may havp cauSﬂd Lhe densllleﬁhﬂf”pL?Xi

Qrganisms (ollgochaetes,;"-glgggggp and ear]y i

: .1!19'19}03(1.&‘ to be
7.19 R
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« depressed, accounting for the uwverall low density and Biosass at this station,

%

Figure 7.7 illustrates a genera§utrﬁnﬂ toward an increase in numbers of
OIigochaeta and Chirnnomidae during pofiUOS shen the ©. punclipennis pupuiation
was at a Jow point and a carruspondan dert(a,ﬂ in numnpers of 011QWL?GLLP‘ and
chironomids when the C. Bﬂﬂiilﬂﬁﬁﬂli populalion peaked., Tnis trend was

especially evident in June 1980 when densities and Liomasses of Chirenomidas and
0ligochaeta peaked sharply while C. punctipennis density and hiomass fell to the
lowest point of Lhe summer. Predation pressure by C. punctipennis may have been

S et 1 e v

responsible for this cycle,
As at Station 1, total mean density and biomass of the benthic community, as
well as the mean densities and biomasses of the major taxonomic groups,

increased slightly from summer 1979 to summer 1980.

Stations 3 and 4

The benthic comnunities of Stations 3 and 4 are discussed together becausa of
their similarity. Both are Lypical of what would be expected al a shallow lake
of Coffeen's age and latitude. Temperatures were measured as h\qh as 34 C
durlng Lhe summer._months in covef 5( ﬂaiﬂwiocatlons, but tonperature was nélwé
crltlcal factor.at either_area because it Was noL elevated for extended periods
of Lime., Station 4 was usually slightly cooler and slnghtly more shallow than
Station 3. Thermal stratification occurred during May, June, and July at
Station 3 in both 1979 and 1980. Dissolved oxygen during Lhis period was
consistently below 4.0 ppm., The deep area of Station 4 stratified only during
May of 1980 (Fig. 7.8).

The communities at Stations 3 and 4 were the most diverse at Coffeen Lake. Over

20 taxa were present in each collection. Only at Station | did Lhe number of
taxa per collection approach 20; however, most of these were oligochaete taxa,

Chironomidae predominated both Stations 3 and 4 in density and Station 4 in

biomass (Fig. 7.5). Hexagenia accounted for the largest percentage bhiomass at
Station 3. The most abundant chironomids at both stations were tanypodines.

Coelotanypus wis the most dominant midge at Station 3 (161/m?) while Tanypus

7.20
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Was predominant at Station 4 {433/

Station 3 and 4 communities inzlyded

Cryp&othirouﬁmus LA6 and 4b/me, respent ively),

oy
i

respeclively}, and Lhe’?dipdmféa LoD e

a5 4t Lhe stations previcusty discussed,
predators.  Sev eral genera of Chirnomid; Stationg 3
abd 4, bul were rare or gbseut in collections from *he other

Anong these genera were:  Ablabesmyia, Ziédotanyzarsss, Tanylarsus,

Glyptotendipeslrg§éudochironomus. Stictochironomys, and Microchironomus. This

Vist includes taxy from 3 variety of trophic habits

Unidentif ied immatures were the most ahundant sligochaetes at Stations 3 and 4.
Mean densities of these worms were 206/m? at Station 3 and 158/m at Station

4, Other worm taxa that occurred were not nearly as abunoant.  Allhough a good
forage hase seemed to be present fﬂf:&: punctipennis-at Statinns 3 and'd, mean
density and biomass for Lhe species were lower at these locations than at
Stations 1 and 2. Lack of an extensive profunda) zone or the inability to
compete. with the predaceous Lhiyonomxdde may be reas sons for the relatively low
densities of C. punctlpennls at Statlons 3 and 4,

The burrownng mayfly Hexagenia was absent from Station 1 due to- hugh dmschargo
tenperatures and an unstable bottom (silicate slag). -Lack of )1Ltov¢1 areas o
excluded the genus-from Statjon 2. - HoweVér the habitat at Stations 3 and 4 Was..
a!nquate for the establishment of a ‘small population (30/m2 at both stations),
Hexagenia were major contributors Lo the b\omass at both locations, account1ng
for 40% at Station-3 and 65% at Station 4. Hexagenia are burrow1ng detritivores
that are able to exclude other taxa in compet1t10n for space by virtue of LhEIr
size; 1n areas where large populations occur, it is possible for densities of
other tara o be depressed This was not the case at Coffeen Lake, The_most
'1mportant role of - Hexagpni in the lake may be Lhat of a forage base fon-f:sh.

F1gures 7.9 and 7. 10 present, the seasonal fluctuat1ons in dens1Ly and: blomass of
‘the maJor taxonomic groups at Statlons 3 and 4. - The pattern of "peak va]uos
dur1ng the summer months at Stations ] and 2 was not near1y as evident at -
S;ations 3 and 4,7bu§ it did occur.‘ Peaks in chirononid densities dur1nq Junc
o B : : 7. 23
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and - July 1979 were due La rapid inceeases o B

RIS I I %2
RN EAT T . TR '
71(¥§3§fm€} and Tanypus abundance al Statign 4§, vEorngrey -
total density and biomass or densitict end 5omacney of e R PR R e

o groups was noted over Lhe Course af twe stuade 0 pitner SUat ol Toar 4

*i (ﬁ}érsiti and Redundancy

‘Diversity and re dundan‘/ indices are mathemalical expresciony thal attempl to

;{': Sumnarize ¢ ,ommJnlay structure in order Lo provide a basis for comparison of

. j§amp?ing locations and habitat (water) qualities, The diversity index-of
VShahnon (1948} takes into account the number of taxa from 3 given community aus' 
_the numerical distribution of individuals among these tara. Communities with
}'féw,numﬁersrof individuals distributed evenly among a large number of Laxé'hgver

"'of;heavy'pollution, values between 1 and 3 in areas of wmoderate pollution, and
z vaiues above 3 in clean water areas. Diversity indices are most acéurétg whan
: '1,a11 taxa tested are identified to the species level: however, due Lo Lhe poor
o Laxonomic state of many aqualic groups (i.e., the Chironomidae), iden(iffCaLiads f;
%o this Yevel are often impossible.  In such situations diversity indices )Qsé;
:isomefbf their accuracy and meaning. -

Diversity values over the course of the Coffeen Lake study ranged from 0.51 at

e et

g s,

- the mean value at Station 3 was 3.53. Station 4 was the next most diveyse
lst;amonmt,h a mean of 2.81, values above 3.00 were not uncommon at this

§K stress-free habvtat and were consistently higher than at all other stations;

- [result of the occurrence of large numbers of a single taxon (C. punct1pennws)
' and- the extensive profundal zone which excluded many taxa during periods of
‘ therma1 strat1f1catlon. The highest value recorded at Station 2 Was 3. 66 vn
'June 1980 when 37 taxa were collected, the most taxa Lhat occurred in any
,collectlon at this station. A1l other values at Station 2 were be\ow 3 0.
"Index va]ues of 0.54 and 0.51 occurred during September and Novembcr 1980 at
Station 2.‘ These values were the lowest of the entire study and werc Lhe resu]ti
D 7.26

“a high index value. Diversity values of less than 1 have boen aoblainsd TN dreass o o0

~.Station 2 in November 1980 to 4.00 at Station 3 in September 1979 and .June 19807,,“f,?_
,(Tablp 7.5). Values at Station 3 never fell below 3.00, indicating.a. relatively :7;;,,

~location. Station 2 had the lowest mean diversity value (2.14), probably as,af ;;;fifJ:
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o and least diverse stations {mean : 2,45). Tae Parge nunaber ot

o of lhif‘ EKLIQ’RP dnvmname hy { punct 3;}:41&!} A3 A the 15t orqanis

highnst were ngt suastdntlally \owpr thdn darlﬂq 1

*s\:ww—-w

staLion;) and low nuﬂbefﬁ of tara gg in Gopts

Jiversity valaes at Station ) were intermediate belwean the valass of e mast

Chaunta taxa

al this location was responsible for ieeptng the valugs consistontly between 2.0
and 3.0, Nalues during the late sumn

© mQaihe uhp,;"’rnhtﬁw tﬂﬁpﬁ!atuvﬁf wir

he remaindar of the year.
The highest value {3.38) was recorﬁpd in September 1979 whqn,d$5Gn3?ed nxyIen

Cwas near 3 ppsoond Lemperature was measured as hign ac 24,00 across the

transact (Fig. 7.4).

“An overall s]wght increase in diversity values as !n9 study progessed was nated

‘~x’ ~at all sampling locations except Station 2, This increase, coupled with the

-.,;'f‘ 7

“increases in baoma s -and density, seems to 1nd\tate a.small !mﬂvnvﬂnwnt in
habitat quality durxng the study period,
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FOUD AR E‘; OF DLBEGTLLS
AL PHT OAREAS OF L0FFrF

by

Dunnis L, Newgnwan

Food habxts 0( bliuegills col!octed from heated. and ambient areas of Coffeen Lakd
sere examined.  Data analysis fol!aﬂeu the frﬁqu;utj of accurrence . and
gravimetric methods; the geometric mean of those values yietded: an index of
significance for each food itém.' Principal food items of bluegills from the
heated statidn, in order of deéreasing index of significance values, were:

plant material, terrestrial arthropnds, jastropods, algae, and rhxranum14 A
ssimilar list of principal food items from the ambient station ing}uded:
terrestrial arthropods, plant material, ch1:onom14g sther GQIdLlLV\nSP(LS, and -
bryozoans. 1Diver5ity values, calculated to p.)v‘Jo E) quulxtaL1VL assessment of -
feeding at heated and ambient locations, demonstrated that the diet of blueqills
from the ambient statinn wasucpns1stently more dxvevsv Seasonal variations in
diet reflected the bluegills! oppo:tun1,t1« vcdxn; behavior as sna;anully
abundant food resources (such as fish e4gys, bryoznans, and terrest:1a1

arthropbds) were utilized as maJor food items. Other 1nvesL19a§1on5 Naya
suggested that ‘bluegills from heated locations feed more froquently than those
from ambient waters. However, fullness 1nd1res calculatcd for this study
indicated that feeding :ates were San1f1cant1y hlger at the hPaLed sta,lon Fo’

only two: of eight co]lpbtlon datos

8.1




INTRODUCT 10K

A fundamental problem for all animals -in an aqualic ecosystom 16 oblaining suf -
] ¥k 9

ficient nutrition" For fl;hOS 1nhah1t1ng thenmallv altevﬁd LﬂJl!U!‘Pﬂ(JVLhL

problem may he Lompounded due ta accelerated rates of d\qest on and 111ntsnlnr9

metabolism (Bennett an¢ Gibbons 1972, Graham 1974),  Thess fishes may exhibit
several responses to mitigate these problems: migration tgrareas5af cooler
temperatures (Tranquilli et al.. 1979), transitory forays into unpreferred
tenperatures to forage (Bennett and Gibbons 1972), or consumption-of a 1a}ger
daily ration. Alternatively, these fishes may not be capable of mitiqazjng
those metabolic problems and poor growth and population inbalance may ensue.

' ThiS'investigaLion of bluegiil feeding dynamié was-initiated for 'hn pu'posv of: '

lncveaSIng our understanding of - the ﬂcoloq1ca] role of bluegill 1nhao1t1ng
cooling lakes. Specifically, this study was des1gned to ascertain-and cgmpare

the diet of bluegill (Lepomis macrochirus) from heated and-ambient locatinns of

Coffeen Lake.

MATERTALS AND METHODS

Bluegill were collected from heated (Station'1) and ambient (Station 4) areas of'
Coffeen Lake using a 230-volt AC clectkofishing unit, All'collections were made -
during daylight hours. The fish were placed 3mmediatnly on ice and tranéborted’;
to the laboratory. Weight (grams) and total lengths (imm) were measured hefore B!

the stomachs vere: removod and stored in 10 percent formalin. In order to

i’obvqate size- specific or age»related variations in the d\g, (Sarker 19753,Sule'j;

;o et al. 1981) only fish larger than 89 mm were included in the analyses.

Stomarh coﬁtents were removed, identified and weighed while moist oﬁ a Me;tlerif

(H '80) balance (precision 0.1 MQ) The composition of the diet wa$ quantified

using percent frequpnry of occurrence, the grav1metr1c molhod and the index of

' ,51gn1f1cance as descr1bed by Windell (1911) “The. index.of. s1gn1ficanCﬂ value,

~-which_represented the geometr1c mean_of the fuequnncy of occurrence and’ pexcent,f'

rflweight (grav1metr1c) values, allowed each food item to be ranked accordlng to
' TR : 8? .




