= presehted in Table 17.2, Mean movement dlstances dxd no} dszev between graups

of individuals released in heated _areas compared to transitional areas (4=0.25,

P>O 50) hut a 51gnificant1y greater _dverage d\spldcement from h83t94'18¥hﬂbe

'SlteSM!EE getocted in comparison wlth anbient release sites (t=3. 49, P<0. 01).

The f]uctuat\ng and occasionally extremp temperature cyc)e which is
. characteristlc of the heated location-may in part contribute to a greater

',; between-season displacement among bass since power plant operation practices

could gontribute to considerable between-season variability in water :
~temperatures, a factor which would demand relocation of fishes in extreme cases.
- The temperature cycle of the ambient area of Coffeen Lake would be expected to

- be more stable and predictable in the sense that only atmospheric events

contribute to the temperature variability; that area thus represents the type'of
- thermal regime that northern largemouth bass have adapted to.

' Distances ‘traveled by marked fishes were not related to either size at release
or to number of days at liberty as Judqed by a lack of correlation between those
7 ,var1ab1es and respective d1sp1acement distances (Table ]2.3). Among those
fishes recaptured during the fall or spring seasons following their release
(Tong-term movements), a tendency to remain within a restricted arcas.was..
suggested by the hign freqdéhhy of kecaptures which occurred at or near origina]
y're]éase,51xe° Approximately 60% of long- -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 locat;on (Fig. 17.1). Displacement distances
progreséively decreased in frequency'up to a maximum of 6,246 meters which was
the greatest d1sp1acement observed by an individual a7ter a long-term period of

e l\beratlon

7 'CrOSSIng of the main lake channe) by Jargemouth bass was commonly observed o
'E'among both short- term and long-term groups; those crossings were detected in 29%
" and 36%, respectively, of the total number of observations. Passages through
:.f:the rallroad causeway culverts were 5% and 9% for the short-term and long- texm

L groups,’ respectlvely, with north to south and ‘south to north movements about

L'evenly dvstrtbuted The maJorlty of those movements were observed among
ﬁi?rlnd1v1dua]s orlg1nally captured and released near the structure.




i Table 17.2. Meéns andrrangés of distan¢es traveled by tagged ]argemouth basé in
, . Coffeen Lake. -Release sites, sample size (N), and days elapsed

between release and recapture (means and ranges) are given. AlL
observations represent long-term movements (see tex;). :

Release - : Days elapsed ‘Distance traveled (meters)

Site N mean " range o - mean ' range
 Heated 53 310 141-703 1574 0-6246
Transitional 26 319 153-705 : 1474 , - 0-5179
Ambient 46 297 148-690 671 0-3275
Lake-wide 125 307 - 141-705 1221 : 0-6246

Table 17.3. Correlations between distanced traveied (Log [meters+1]) by
: tagged largemouth bass and selected independent variables.
Separate correlations for short-term and long-term movements
were made. Sample size (N), correlation coefficient (r),.
Students t-value, and significance probability (P) are given.

Independent variable , N r t - p
Short term ' :
A} 5aysrelapsed , 154 -0.17 0.0 >0.50
B) Days elapsed 125 -0.01 - 0.07 >0.50
Lon term' o :
: E; TL at release 154 -0.00 .~ 0.00 >0.50
B) TL at release =125 0.03 - 0.32 >0.50
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Fig.:17.1.

201 - 1000

Distance traveled (m)
from release site

Fréquency of,disp]aceméht (ranges in meters) from release sites
exhibited by tagged largemouth bass in Coffeen Lake. A1l taqyed

fish were released in the spring and recaptured during the following
fall or spring seasons; ' : S




“Knowledge of the life history of largemouth bass is extensive as evidenced by e
*17¥';1arge body of literature (Robbins and MacCyimﬂon11974. Stroud and Clepper 1975,
1Tif‘He1d1nger 1976) but, untl] recently, little was known of Lhe daily or seasonal
| f"“movement patterns of this species., Coutant (1975‘ maintained that wate:,‘
',,j temperature was the most lmportant factor governing bass movements, and, 'iN'j
xinature, individuals adJust their positicn daily and seasonally in an effort to
- locate preferred temperatures Beyond that basic behav1ora1 response, two
generalized patterns of movement emerge from the literature. Some 1nvestquiors'
© . have noted that bass movements were concentrated within a well-defined area, an
f{bbservation which led to the concept of "home range” {lLewis and Flickingefi?°67
,;:warden and Lorio 1975). The location of such centers of activity were believed
. to change seasonally. Fetterolf (1952) offered the viewpoint that d1ffer1nn
' fi1nnate characteristics among individual bass may produce an extensive mob111ty
“ in some and a more sedentary nature in others. Distances traveled by bass in
~ Coffeen Lake (ranging up to 7 kilometers) were not exceptional compared to etherf
;Jstudies reported in the 1iterature since the magnitude of movement exhibited'by
'37 this species appears to be limited only by the physical limits of its ,
,ﬂ,enyironment (Heidinger 1976, Tranquilli et al. 1978h, and others). Extensive; o
',displacement between seasons apparently was the exception rather than the rule ™
in Coffeen Lake since'mdst recaptured individuals were found within the same 
- general area during spring and fall seasons. However, the frequency and
~magnitude of movements which occurred during the interim period could not be
 determined with certafnty,'and the broad range of d3sp]acement distances
ryrr'observed after only a short per1od of liberty squests that those distances mav 7
"fnave been extensive.

iCoo]1nq 1akes prov1de a rather unique env1ronment for evaluating fish movements

“since widely divergent temperatures generally pers1st In unheated lakes,
l*—thermoselect1ve movements are usually limited to vertical adjustments, whereas

icoollng lakes offer . a- mode of thermoselective movement in the horizontal
";dlrectlon as well. In Lake Sangchris, Tranquilli et al (197%a, 1979) found
'1)ﬂ;that aV°r§2§_9§lll~ﬂﬂlgﬂfﬂf§~?"d absolute distances Lraveled by Yargemouth. bass.
were §T§;1f1 cantly greater among 1nd1v1duals>bf1q1nally captured and rnlnased 1n*i
';heated areas, a finding - whlch was supported by the results of this study.- The :
;adEFGFE_B;ed1cted a seasona1 ‘cycle of attract1on and avoidance at tnerma]ly
';extreme locatxons, whereas f1she inhabiting therma} ‘transition areas ere"';}e

il 2 17.9 '




believed to be most“sedéntéfy. In contrast, Quinn et al. {1978)7concldded from
"their study, and earlier studies of bass movements in 3 southeastnrn cooling
reservoir, that f1shes in heated areas were generally most SLdentary and
~exchange of individuals between heated and ambient areas was uncommon. The
fishes observed were found to travel extensively within the ‘1ake even though
their movements were apparently unrelated to the thermal gradient.

Population Estimates

~ A total. of 1,124718rgemouth bass were captured hy e]ectfoshocking during the
1979 population censds;, Included were 271 individuals (Z}SO,mm'TL) that
comprised the recabture sample required for population estimation.  0Of that
number, 54 had been previously marked. - Therefore, the estimated population size
as of May 1979 was 4,958 individuals for the size group conSfdered (Table’17.4).
The 95% confidence interval for that estimate ranged from 3,784 to 6,132
individuals. The 1980 eensus produced 1,124 individua]s,incTudingeBQO (>360 mm
TL) which were seltected for inclusion in the recapture sample. 0Of that group,
65 had heen previously marked yielding an estimate of 5,466 fhdividuals and 2
95% confidence interval'from 4,285 to 6,647 (Table 17.4). The two estimates
were in close agreemeht over .the two years, Cpr[géggggiggw§£§ﬂgiqgugfgp
estimates,’gig_ggg;lQLS kg/ha (Table 17.4) were similar to'the'YO kg/ha<figure
Tited by Jenkins (1975) as an average for mid-southern reservoirs, and to the
La&g\égzgihr1s qgg_nge~§gelEXXlllg_est1mates of 8.8 kg/ha and 12.6 kg/ha, h

! respectlvely (Tranquilli et al. 1979b). Estimation of the b1omass of largemouth
bass by this method yielded slightly higher values than the 7,7 kg/ha estimate
derived by cove rotenone sampling in Coffeen Lake (Section 14, herein). The
latter technique genera11y yielded few individuals of large size compared to
catches obtained by electrofishing. The mark and recathrezestimates excluded
individuals <200 mm total length and thus would have been somewhat higher had
they been included. -

."  Fisherman eXplOi@atioh

" From the rsbr'ing of 1979 to the spring of 1981 sport fishérmen reported 80

'“'fcatches of tagged bass and ‘84 catches of untagged fish.’ Of'the totai, 90 fish

V;Were kept 29 were released, and the fate of 46 was not reported ~The shortest
' ' 17.10 : R




- Table 17.4, Mark and recapture population estimates (+ 2 standard ervors) -
SO © of largemouth bass >200 mm total length a3 of “ay 1979 and May
- 1980 in Coffeen Lake. Estimates of number per hectare,

average wefght, and standing crop are given.

1979 Pbpulatioanstimate

Parameter : , T Value T
Estimate . Lo 4958 + 1174
Number/ha. 1.1

Average weight I 0.840 kq
Standing crop - o 9.3 kg/ha

1980 Population Estimate

Estimate AR © 5466 + 1181
Number /ha R AR 12.3
Average weight = : 0.882 kg

Standing crop Lo 10.8 kg/ha




:,;ftlme in'e”val between tagg.ng and repovted capturp by a fxshlean Was 3 uays,

 :2fthe Tongest 689 days. Sixty-two successful fishing days were reported, 1 in
“February, 5 in March, 6 in April, 28 in May, 15 in June, 4 in July, 2 in.

f;3N0vember, and 1 in December, Thirty-nine partxts were repovtcdly fishing the?

":LSOuth part of the lake'(south of railroad) and seven were fishing the north /}
“part, : ' -

- A1l of our catch records were obtained through voluntary reports, usually by
~ telephone. " Since reports were only received from fishermen who were successful
-in catching a tagged fish, we cannot quantify the rate or impact of fisherman

. __exploitation on the bass population other than that which is implied by the

~above data. At most, exploitation of this spec{es is moderate compared to
- public fishing lakes (Coffeen Lake is closed to the public) and the reader is

- “reminded that population dynamics of the hass population, as reported herein and

~in other Sectlons of th1s report, may in part reflect a comparatively low rate
fiof flshlng mortality relative to other, more heavwly fished 1akes.

\ ’
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infestations was 1060% in biusgills from Lase Sangehris, 4 contral |

ccéling lake, but only 56%, and of 3 lesser saverily, in Lake Snelbyvill

‘D

central [11in0is flood control reservair {fagele and Tranquilhy
also noteworthy that grawth of age ! and older bluegills was more rapid in Lake
Shelbyville than in Lake Sangchris, which has 3 azqﬁ{QA bla2gill poputation
similar to that of Ccffeen Lake, 7 7
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conjectural, Sreat blue herons, ﬂh\rh surve as lne ax‘nrd st dnf}nw'lze nosts
in the life cycle of this species, were occasionally observad in Jittoral areas
of the lake, but they were not common., The steeply s!aping,shnré%ine,'ahich i5
characteristic of Coffeen Lake, limited vascular plant growth, nrimarél§'
Potomogvton Spp., L0 3 narrow band paralleling the shoreline, %supqx ig
Lyplcdlly congreqated in those areas throughout most, 5F tne growing <cason,
Common usage of littoral areas by definitive hosts (heranst and sécond
intermediate hosts (fishes) probably perpetuates the 1ife cycle of P ainimum in
Coffeen Lake since large numbers of bluegills concentrated in restricted
shoreline areas would provide a readily-accessible farage base for piscivarous
birds such as herons. As indicated above, intﬁnsity'af infastations nhﬁérved in
Coffeen Lake are certainly extremerénough to réﬁard growth of blugqills and méy'
havé contributed to the relatively low condition of iarger individuals!

However, isolatjon of one cause for the éLunted'naLure of the population may
1eaa to ah erroneous conclusion. Other possible contributing factors, discusses
’elsewhere in this report (Sertlons 7 and 15), include a4 re 11txvn!1 low dpnawty
of benthlc (foraqo) organisms, Yack of <uff1c1ent predation- to prﬂvent

v overcrowd1ﬁg of bluegllls, and competltion fcom other sunfish specins “t‘llz\ng
'the same” forage‘base//.,,.. |
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PART 11 ECOLOGICAL INVESTIGATIONS UF SHOAL GREEX.
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THTRODUCTIOR:  HHNAL Carrig!

~The East Fork of Shoal Creex lies immediately below the Coffeen Lake Dam.  The
- stream receives overflow from the 1ske during periods of nigh water and in the

past water was pumped from the creek inte the Jake to hasten lake f1111n3
One- -year studies of water chemistry, phytoplankton, henthos, and fish wera’

“implemented to assess the effect of lake overflow and/or punping of water from

the East fork of Shoal Creek upon the biota of this stream.

DESCRIPTION OF THE STUDY AREA

_ The stiudy area established on the East Fork of %hoa) Creck was J?!thly south of
'CoffEeh; [Hinois (TN, R, Secfion 23). With an average width of 35 feet and

'*A: a gradient of 4.5 feet mile ']; the creek Flow: in.a sn'*hn«l/ dirzclion

k towards Shoal Creek and the Kaskaskia River (LOp?th 1970). ;he,dravnage

primarily consists of pasture or farmland which periodically becomes inundated -

o dUring'periods of high discharge. Lopinot (1970) reported that the stream

~ bottom consisted of 70 percent silt and 30 percent sand. H\StOrlLd][y, thwf

stream provmded water for lake f1l]1ng dur1nq A severe drouqht which coxnc1dnd

With the/complpt1on of the Coffpen Lako Dam (ClPS 1977) " The auxlllary punpwn]
facw]ities installed 1mmed1ate1y below the Coffeen ‘Lake Sp1llway were designed
to ma1nta|n a reasonably constant ]ake 1eve1 However pumping openat1ons were
apparently sporadic.in the past and have not occurred at all durlnq the course

8 of th1s 1nvest1gatlon of Coffeen Lake. Prior to the onsat of this study, the

Tast record of a sp111way d\scharge \nto the East Fovk of Shoal Croek was duna
1975 (CIP 1977). :

'1 Flgure 1 l 111ustrates samp]1ng stat1ons on the East fork of ChOul Freok

Stat1ons 1,72, and 4 were maJor sampllng stations for water rhem\stry

i;uperjphyton,rbenthos, and:f1sh. ‘Each of these stations encompassed hoth,alfi%f)e :
 and a pool of the stream. Stations 0, 1.5, and 3 served as ancillary stations -
- fpr{certéinisqbprojects. T ' :

John A Tranqu1llw, Lancp G. Perry, and Jamp» H Buckler g
‘ ' : e e
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Figure: 1.1.'Sampl'ihg;s'tét;ions on the East Fork of Shoal Creek below
- the Coffeen Lake dam and spillway.
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'~Stations 2. and 3 are ‘in close proxxm1ty to one another because a rabble dam was -
ance. present between those two sites ‘However in early February 19/9 the ian
‘?-°was removed in preparatton for the pos;1ble COnStrUCtIOF of a pPrn%nﬂnt 1ow- hﬂadr
| weir dam. Since then constructlon plans have been deferred, Stations O,ll.S, '
and- 2 thus con;ifted of an impounded pool during most of the 1 .year baseline

study period on this stream, while %fat\on 3 reprLsLntnd the pool just oe}o~ thu
‘ rubble dam. '
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E SECTION 2
SHOAL CREEK WATER QUALITY
by
Sarah Liehr-Storck

ABSTRACT

Aqxinvestigatign of the East Fork of Shoal Creek was conducted from Auqust 1978
~through September 1979 for the purpose of studying the impéct of Coffeen Lake
overflou on Shoa] Creek water quality. In the fall of 1978 the sampling
station upstream of the Coffeen Lake discharge had very high concentrations of
fch]orlde tota] alkalinity,: soluble orthophosphat , and organic carbon and low
"'goncentratuon of dissolved oxygen relative to the other sampling stations.
‘These concentrations indicated that the stream was impacted by an upstream
- sewage effluent during that pe%iod of Tow flow. In March 1979, ,_the spring flood

“lake overflow.

“had more effect on the water quality than did- the_oyerf]on from Coffeen - Lake.

V"haracterlst1cs of Shoal Creek water qualwty at that time were ext:emelj high
turb1d1ty, along with high levels of iron, phosphorus, and inorganic nlt:ogen
-and relatively low concentrations of chloride, alka]1n1ty,,haxdness, and

sulfate. By April 1979 _Coffeen Lake overflow altered I_water quality at Shoal

_Creek. The most not1c¢ab1e effects were greater sulfate concentrations and

lower alkallnlty at the downstream stations. Bymqugu£hQ§gmgfﬁg£L§“ﬂQLSNQQ
longer evident. " The summer flood in August ]979 had a slight diluting effect on

Shoal Creek water quality, but there were only minor indications of impact by

2.1




IRTROBUCTION

)

This jnveétigation, conducted between August 1378 s Seplamber 1579 w5
with the following objectivesrgrto determine {1) the impact of Coffeen Lake -
overfldyrbn'Shoal Creek water,qyality, (2) the ympact of punping witer {rom
Shoal Creek on the water quality of-the lake, and (3) 'the impict of thi pumping
operation on the water quality of Shoal freek. Since water was nat pamped inlg
the lake from Shoal Creek during the study period, only tne impact af the lake
overflow on the stream was investigated. This objective was accomplished by
determining the relative impacts of lake water and {éimataiagica! evenls such 35
temperature, floods, and low flow on water quality paraseters in “hoal freei,




CoAater quality paramsters wove mi gy arsd

LIS A R U TR $1 s
south of Station 6 {Fig. Y lE0 in ¥ R PRI
ALl wWas ramoved and Lhersafler SCatinn ' war ao 3
2.and 3 was ramoved and o K HEINE

The following paranmelars were measgred 31 monihly

e .
A Rdrangs g

3lkalinity, carbon digaige (7

‘732 Ps

orthophasphate, amonia, nitrate, nitrite

i

iron, sulfate, sulfite, Latal sqlfide, discslved by

hydrogen sulfide, cinloride, and €1y

aere alsn analyzed for organic aitrogen, Lolal nraanic Carbon, particgiate
arganic carbon, dissolved organic carbon, and chsmical oxygen donand,

¥ Wiy

Temperature, dissalved oxygen, pi, and o4l dissalyed sndigs L1105

measurcd twice each month during the study period,
FIELD AMD ANALYTICAL METHODS

Water samples were collected in plastic bottles approximately 9.3 m#&ﬂf%rﬂﬁ3ﬂﬁ
the surface, Samples analyzed for soluble iron sero imsediately filtered and
fixéd with hydruchloric acid, and samplos for ferrbus iron were fixed
immédiately With hydrochioric acid.  Samples énalyzed for sulfide forms were
fixed imnediately with 0.2 N zinc acetale, and analyses were run within 24 hours
of collection, Sulfite and pH were measured in the field or in tne laboratory
imnediately after collection. Temperalure and dissolved nxyjen were measured in
the field with a YSI Model 57,dissqlved,oxygen meter,  Conductivity was,meaaurej
inthe field with a YSI-Model 33 5-C-T meter, and Lhe results were corrected for
- temperature and used to calculate tbtalrﬁissolved solids. Chemical . parameters

e measured using the same analytical methods given inSection 3, Part I,
herein, = : k ' ' '

'

o were
e
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oy
Climatologicad vyents nan oo tdee ahla pd Bhrt Lp gt er -
Flagds occursyng 1n the spring 464 Gn O I !
inﬂ!‘v‘éi‘;‘%ing} the rate of flag, 2raagt iy Oy * gr X ; it

go--over the spiliway from (affoan Tane,  Toe w3007 i rer e ol de g fan

spring nf 1979 and lasted frgn

“from the lake going aver the <5illagy From carty Maron G0 medMay (5 0

Another shortsr pariad 6f water overfiow ofcgrred tn Lhe 4 gmmer £y HEL

Lo early August. . Poriads of very Yom ar zées flaw 1ltn acvanrat, feie
oo 3 . < - E .

1973 tg mid-ﬁﬁv@ﬁbvr, and in 1579 from Tate dune 15 Tate Jaov, S ations

and A-wece ice covered in January VT4, and asre gpen oo yarto s den Bt s

Vate Janaary 19 late February.

Most of the fallowing discussinng 15 about Stations 1, 1, ant i,

nobl discussed since sampling al that site was discontinued tn fabraary. 3t

0 was intended Lo evaluate the Quality of water pumped 1nls Joffeen Lang frin
Shagl Creek,  Since water was ngt punped from Shoal COreaw ants tae laks, aator
quality ai’that station was diszuséed only when water was NG Overs the
spillway and thus impacting the stream,  Dala are listed in Apsendices 2.1.0. 1.

Table 2,1 and Table 2.2 present’ station means and montnly WEANG, raspectively,
TURBIDITY

l

Tevels of 1380 NTU, 1470 NTU, and 1530 NT observed at Stations 1, 3, ang 2,
respectively, on 20 March. These hiigh levels corresponded to the spring flood.

Turbidity was extremely high in Shoal Creck in March 1979 (Table 2.2), with

conditions. Prior to March, turbidity levels were in Lhe range of 5 Lo 35 NTY,
[n April, turbidity returned to normal levels even though high flow conditions
reﬂaiﬁed (Fig. 2.1);' TurbidityrleveIS'weEe not uﬁusually high after the
Jdly;AugUSt 1979 flood period.” Overall, the highest Lurbidity 1eve]§ were
observedrat'Station,B (Table 2.1). - However, in December and January the Wighest
levels wére observed at Station l,:and in"March Lhe highézt levels ﬂeru,obéervéd
at Station 4. High levels of turbidity were associated with nigh levels of iron
aﬁd total phﬁsphbrué, : , - I -
e R s T 2.4
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SEBLCAL YN were o derah ! 7Tyt 1 Y : EE

gquoerglly below 3 g, il a i redy tH

the other statinas,  Jeyqon e Cian Shler, megn el quartarty

tatal organic carbon and organic it Aan 4l greater Ge Noyoshoe Ta

PR S

{Table 2.2} «ith the hiqnvf’,%evcia of Bolh Baranelers alinor et oAt Gt ar rae

(Table 2.1}, Dissalved arygen leyely

¢ »oab oA
stations in June 1679, P iate by after Vit

pH.~

UnLl far pH were ]Pﬂgllllv in tne range of 7.0 ta 7

Y
"3ecd

o WILT the gvergll o gighes?

pH occuurinq at Station 3 and towest at Station 4 {lable 2Ny S The highanse 5¥ 

at all stalbions occurred in May 1979, and the lowest accuarred in July 179 :
(Table 2.2). Watar in Shoal Creek was well buffered hecause of high alkalinity
Jevels, so sharp fluctualions in ph would not- be expacted,

DISSOLVED SOLINS

Total dissolved solids (TDS) concentralions were much:nigher at Station 1, ;
upstream of the lake discharge channel, in the fall of 1978 than at the other
stations (Fig. 2.5). TS levels increased through the winter at all stations,
then Jecreased substant1ally in March 1979 with the spring fiood (Tahle 2.2).
In Apr11 TDS levels. rose at al statlona, with the greatest increase 0((u:r1ﬁg,
at statlons downstrpam of the. Coffeen Lake spillway. AL that Uime, THS "
concentratlons were much greater at Station 0, the Yake overflow channol Lhan
at the Shoa] Creek stations since TDS was typlcally greatar in Cof feen -Lake than

2. 12
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in Shoal Créuk. fo mid- May,ihowéver “Lthe concent :at!ons hat, again become faxxIJ
.uniform,among stations. Then in late ]ul/ and aarly August, when another flogg -
and overflow from the lake occerred, T0S levels in Shoal Creek again decraased
suhstantla!ly while levels at Station 0 1nc:;a ad.. By mid-August, stream -

'Jtat\on ldvels of T0S were back to normal, with no apparent e’fogt from tue ]‘*r
vnrflow

A}kalnnlty concentratlons were conSIdeabiy greater in %hoal Creek than in-

‘ Coffeon take at all times except March 1979, during the spring flood. “Orior to.
Marcn 1979, alkalinity was observed in the,range of about 250 to 280 mg/] as
CaC03 at 5tations 3 and 4, however, from August through Nouémber 1973, levels
were 30 to 90 wg/1 higher at Station 1. These data corraspond to high total
’dlaSO]VEd nnllds levels at Station 1 duvang that time: In nnn11'1079
alkalinity tncreased at all stations in spite of overflow from the lake, bul rhn
lévelsrat statlons downstream of the spillway lnC!LGSQd at a slower rate than
did concentrations at'StatiQn T Alkatinity levels continued to increase until
July, and a-small decrease was observed after thq summer flood (Table 2.2), '
“Hardness increased at ‘all stations during the fall of 1978. As with other :
dissolved components, concentrationsrdécreased qramztically in March 1979 during
the spring flood, then started iucreaéing to normal iévels in April (Table 2.2);

Cn]orlde concentrations in Shoa] Creek were generally similar to conrentrat1ons
in Coffeen Ldke, therefore sp1llway discharges had little effect on the stream..
All stations except Station 1 had similar chloride levels (Table 2.1). Chloride
concentrations at Station 1 were extremely high relative Lu the other stations -
from the beginning of the study in August 1978 tnrough November 1978, with the
lmaximum cdncentration of 145 mg/1 observed ‘in September. Station concentrations
“were fairly consistent through the w1nter, then dropped to a minimum of about 12
mg/l at all stations in March 1979 (Table ;.2) ~From that time until the end of
the study in September 1979, Station 1 again had the highest Fh]OFldu
concentrat1ons with a maximun observed in September of about 55 mg/]

Sulfate concentrat1ons ln Shoal Freek werg.cons 1derably 1owor‘than in Coffeen

“”7Lake “In Shoal Creek, ccncentrations were slightly hlgher at Station 1 that at,’,

,gstatlons 3 and 4 from August through Novnmber 1978. From December to Matln
: : 1216 '




concentrations at all three stream stations were aeariy the same. A decrease o
Was observed in- March, co:neéponding to the s spring flood {lable 2.2},  In April
- and May, concentrations were much hthev at Stations 3 and 4 than at Station |

as water from Coffeen Lake had more influence on Strean concentralions. Sulfata
Jevels were again -similar at all stations from June 1979 to the end of the study
in September 1979 in spite of the lake overflowing during the sunmer £1o04:

These data for the components of dissolved solids suggest that Statfon 1owas -
especially adversely impacted by the low flow in Shoal Creek in khe summier  and :
fall of -1978. The high alkalinity and chloride levels, along sith the nighae
organic carbon levels and low dissolved oxygen, indicate thal a sewage Pff‘upnx
upstrean of Station l probab]y'cau591 the degradation of water Qd&]l»y '

PHOSPYORUS

Soluble orthbphbsphate cohcenhratidnsruei vnrv{hlgh at a%}'stations in Noyember
1978, but espec1ally at Stations ) and 3 (0.3
Concentrations increased at a]I‘statlons in

and- 0,27 mé‘P/l, respe:tively).
Aakch 1979 Lo about 0,15 mg P/1
(Table 2.2). Total phosphorus also increased at that time (mean; 9.64 mg P/1),
'cofresponding to extremely high tufbidity Total phesphorus levels increased
after the summer flood in August’ 1979 (mean; Oﬂsgrmg P/l), but othQphosphéte
levels remained low (Table 2.2).  The phosphorus concentration was usuaiﬁy'lessz
than 0.10 mg P/1. ' : :

NITROGEN

3 Concontratlons of 1norgan1r nitrogen were sxm1)a| dmong stream stat1ons at’ all
tlmes (Table 2.1). -Ammonia levuls were greatest in January, Februdry, and Aaycn
1979 and least during the summer and fall of 1978 (Table 2.2). Concentnatlons
were sl1ght1y 1ncreased in August 1979 after the summer flood. Concentratiods f
of nitrate were low in the Suamers and in Lhe fall (00 to 0.6 mg N/]),Vhab

;1nrreased during the winter, Maxlmum concentrau1ons were observed . in March and

"iAugust 1979 after tne summer flood, apparently caused 1n part by nvurtlsa f:om

Coffeen Lake. N1tr1te concpntrat1ons were Jow (.01 to. 03 mg 4 )_ap,a]1zt1meg:,{ %
' - ' ~2.17 e gt

ﬁ'prr11 (Table 2.2). A sl1ght 1ncrease in aitrate occurred at tabiuns 3 and 4 1n E ;



"f except durlng March and Apr1l when !evels were 0,09 and '04 to .05 mg N/1,

respectively. The total lnorganlc nltrogen concentrationtwas greatest in March
1979 (2 97 mg N/1) and lowest in August 1978 (0.09.mg H/1).

The overall 1mpact of Coffeen Lake overflow is diff\Lu]t Lo assess since.
overflow from the Iake only occurred during periods of h\gh discharge in- Shoal
Creek Parameters that were found in. espec1ally h‘gh or low conrentratlons in o

e [

Coffeen Lake Aglaiiye to Shoal Creek (total dissolved sollds, sulfate and
: alka]vnwty) had llmlted d_impact on the rece1v1ng stream because of the h1gh

»dlsbharge Changes in the Jlevels of these parameters at downstream stations due

ettt

to lake overflow were of short duration. rTemperange,jngggagg«g;ﬂghé“dgg@§ﬁgggm
station was very small. Ouring most of the study period all stream stations had

s ot

similar concentrations of most parameters or the ygrst yg&gr gyalmty Was found , /&4
at the upstream station. o S G

m___ iy i ot e e
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s | - SECTION 3 |
© PERIPHYTON ON ARTIFICIAL SUBSTRATES IN SHOAL CREEK!
, .

' Larry W. Coutant,
ABSTRACT

‘ Periphyton“colonizing artificial substrates expnsed quarterly for 28 dayéberiods
from August 1978 thrbugh May 1979 were examined from. four locations in Shoal
creek to determine effects of overflow from Coffeen Lake, a coollng lake for a
coal-fired power plant. The relative importance of the major divisions of algae -
was’ svmllar between most stations on most sampling dates but the dominant
‘division was different between collectwons The greatest diversities of algae
occurred durlng August 1978 and the lowest ones occurred during November 1978;
-Station 4 generally had the hvghest d1vers1ty durlng the quarterly ner1ods when
,samples from that station were. co]lectpd Qgilggagﬂg_perlod when overflow did

occur _from_Coffeen Lake, in April-and-May. 1979, the periphyton communvty :
downstream from the confluence of the overf]ow ftom Coffeen Lake with Shoal ‘f%yfl }:
S

'\7,;',

-Creek was not adverse]y affected by the entranCL of water from Coffeéﬁ Lake,

i SRR




~ INTRODUCT ION

Attached algae, or periphyton, are an excellent means of assessing impacts of
bdint soUrces of -poliution on aquatic environmenté Because of’their}sessiTe

' nature, the algae are confined to a specific area such that the algal community
that deve]ops is indicative of the env1ronmenta1 condltxons in that area To.
further limit the number of variables, artificial substrates such as g]ass
"slides can be used and placed in such a posit\on in the water that varxatlons in
Substrate composvtlon and 11ght penetratxon betneen locations can be m1n1m1zed

In this study, Shoal Creek periphyton co]oeizing ar:‘ficial substrates were
exam1ned to determine the 1mpacts of overflow from Coffeen Lake on Shoal Freek
dnd to determlne overall dynamics of the Shoal Creek perxphyton comnunity.
Sampllng stations were located upstream. and downstream from that point at whlch
water from Coffeen Lake entered Shoal Creek to al]ow c0mparxsons of unaffected
and potentIally affected areas.

MATERIALS AND METHODS

Periphyton was collected quarterly on glass slides suspended in floating
periphyton samplers at,a depth of approximately 0.025 m for 28 days. 'Quartef]y
collections were made in August add'November 1978, and February and Mdy71979 '
Two stations were selected on Shoa1 Creek; Station 1.5 was upstream from the -
Junctlon of Shoal Creek with the pumphouse canal and Station 2 was located be]ow
that junction (see Frg 1.1, Part T1). Two- addltlona] stations were chosen for
study from November 1978 through May 1979, Station 1 wds 300 m-upstrean from.
Station ] 5 and Station 4 was located approximately one mile downstream From

Statlon 2. At the time of collectlon each of three slides was preserved 1ntact"

ina bottle conta\nlng 2 ml of ac1d1f1ed Lugo1's solution and 63 ml of water




Scrapings ffém an entire slide were stirred in a Waring blender and diluted to a
known volume (e.q., 50 m1).- Duplicate samples were then counted by the same
 procedure outlined for phytoplankton samples (Section 5, Part 1, hercin} except
that the appropr1ate multtplication factors were used Lo give densatxe> 1n ~algal
units per 10 ¢m?, a

RESULTS AND DISCUSSION -
COMPOSITION"

Segenty flve augal taxa were \dentlfled from col]ect1ons of periphyton from

artificial substrates 1n Shoa) Creek (Table 3.1). As expected, many of those

same taxa were found 1n the Coffeen Lake periphyton co?lectlons ’Sectxon 5 Part
I, here1n) : '

-ABUNDANCE

Sjmjlar peribhyton dehéities were'present ét'Station 1.5 and 2 during ﬁuquf

1978 (Table 3.2). The: betiphyton'densitieszdeclined from roughly 2,500,000

units per 10 cm2 in Auqust to approx1mate1y 1,200,000 by November 1978 (Table

3. ?) Stations 1 and 4 had algal densities of approximately 234, 000 and 869,000,
respect1ve1y, in Febvuary 1979; those den51t1es were tne. lowevt f&COrdLU for the ="
study year and were most likely . a«result of~£educed ]1qht ava11ab111ty and , '

P

temperature wnlcn contributed to slower growth rates. " The densities of .
«Ber;bhyton in May 1979 were substantxal]y greater than those recorded in g-

November 1978 “and February 1979 at all stations; Station 1 had-densities. of

2, 326 200 and Stations 1.5, 2, and 4 had den51t1ts of 3,038, 510 4,744 ,400, and

6 148 360, respect1ve1y

The re]atlve 1mportance of the maJor d1v151ons of alqae was s1m11ar between most - f;,:e
stat1ons on any given :sampling date but the most abundant algal division was |
dlfferent in. nearly every collect1on (Table 3, 3) The Bacx]lar\ophyta were the —
S dom nant’ group in the August 1978 and May 1979 collect1ons, the. Ch]orophyta werevrrfl,].




Table 3.1, Alga! taxa 1dent1f)ed from quartarly pcrtphyton
“collections from artificial substrates at. four samp11ag
stations in Shoa\ Creek from August 1978 through May-

1979,

~Green coccoids
- Green colonies
' fCharac1um sp. A. Braun

- Closteriopsis sp. )

~ Monoraphidium spp. Kom. -Legn,

~ Monoraphidium contortum (Thuret In Breb) Kom. -Legn,

Sceriedesmus spp. Meyen - ,

- Scenedesmus bijuga (Turpin) Lagerh.

- Scenedesmus dimorphus (Turpin) Kutz.

Scenedesmus- quadricauda (Turpxn) De-Brebisson
-~ Cosmarium spp. Corda
Unidentified euglenoids
Melosira granulata (Ehr.) Ralfs
~CycloteTla glomerata Bachmann
Cyclotella meneghiniana Kutz.
CycToteTTa pseudostelligera
CyclotelTa stelTigera. Grun
Stephanodiscus sp. |
Stephanodiscus hantzschii Grun.
- Jkeletonema potamos (Weber) Hasle

-~ Diatoma vulqgare Bory )

Fragilaria spp. Lynghye . i
F"E%TTEFTE capucina v. mesolepta (Rabh.) Grun.
Fragilaria crotonensis V. oregana Sov.
Fragilaria vaucher1e .

~ Synedra spp Ehr.

~Synedra incisa Boyer , -
- Synedra fasiculata v. truncata (Grev.) Pat.

. Synedra rumpens Kutz, ~
- Synedra ulna (Aitzsch) Ehr,

-~ Achnanthes exiqua Grun. '

‘Achnanthes Tanceolata De Brebisson
. Achnanthes Tanceolata v. dubia Grun.
~ Achnanthes minutissima (Kutz.) Cleve.
Navicula spp. Bory
. Navicula sp. 19 A '
Navicula capitata v. hungarica (Grun.) Ross
Navicula cryptocephala v. veneta (Kutz.) Grun.
- Navicula minima Grun. -
. NavicuTa protracta Grun.,
“.Navicula pupula Kutz. - '

- Navicula pupula v. rectangular1s (Greg ) Grun.
~NavicuTa symmetrica Pat.
~wiaaPinnularia-obscura Krasske

© i Caloneis bacillum (Grun.)- Wereschkowsky

3.4




L Scrap1ngs from an ontlre S]]dP were. stlrred in a Naf\na bleader and Hluted to a
known volume (e g., 50 m}). Duplicate sampies ﬁcre then c0unted by the same 7

p70(edure outlined for phytoplankton samples (Suction 5, Part 1, herein; except B
that. the appropriate mult\plication factors were .used Lo qtve densities 1n alga]
units per 10 cm?. : B

RESULTS AND DISCUSSION

- COMPOSITION

Sgyenty f1ve algal: taxa were identified from coliections of perxphy?on from ,
artificial substrates in Shoal Creek (Table 3. 1), As expected, many of those -
same taxa were found in the Coffeen Lake perwphyton colle‘txo'uc ’Sect1on 5 Part

hereln)
ABUNDANCE

Sim}]ar peribhyton densities were present at Stations 1.5 and 2 during August
1978 (Table‘3.2). The periphyton densities declined from rough]V 2,500,000
_units per 10 cm? in'Auqust'to apprdkimate]y 1,200,000 by November 1978 {Table
3. ZY Stations 1 and. 4 had algal den51t1es of approximately 234, 000 and 869, OOO
respectively, in rebruary 19/9 those den51t1es were the lowest reCOlde for tbgm
w7 study year and weré most likely a_result. of reduced light ava11ab111ty and
l g téﬁﬁératu@muﬁlcn contributed to slower growth rates. The densities of

perlphyton 1n May 1979 were substant1ally greater than those recorded 1n
November 1978 and February 1979 at all stat1ons Statlon “had densities: of
2 326 200 and Stations 1. 5 2, and 4 had dens1t1es of 3,038, 510, 4, 744, 400, and
o 6 148 360 respect1ve1y

‘f1he relatxve 1mportance of the maaor d1v1sxons of ‘algae was similar between most
-bstatlons on any glven sampllng date, but the most abundant algal division was -
fkdlf erent- ln nearly every., col]ectlon (Table 3. 3) The Bacillariophyta were the
| dominant group in the Augu:t 1978 and May 1979 collectvons, the Ch]orophyta were




Table -3.1. Alga1'tdka identiffed from quarlerly periphyton
< collections from artificial substrates at four sampling
stations in Shoal Creek from August 1978 through ”ay

1979 (contlnued)

Diploneis sp. | '
AnphipTeura pel]ucida Kutz.,
Gomphonema spp. Agardh
mphenema c¢f. angustatum (Kutz,) Rabh,
Gomphonema olivaceum {Lyngbye) Kutz.

Gom onema arvulum Kutz,
a minuta Hilse & Rabh,
ora cf. acutiuscu]us (Kutz,) Hust,

\t schia spp. -

Nitzschia spp. |

Nitzschia sp. 2

Nitzschia sp. 4

Nitzschia amphibia Grun. :
Nitzschia filiformis (W. Smith) Hust.
Nitzschia cf. ignorata Krasske
Nitzschia palea (Kutz.) W. Smith
Nitzschia rostellata Hust.
SurirelTa spp. Turpin

Surirella angustata Kutz.

SurireTla ovata Kutz.

Biuegreen coccoid colonies
Chroococcus spp. Nageli e
Chroococcus turgidus (Kutz.) Nageli-
Merismopedia glauca (Ehr.) Nageli
Merismopedia tenu1ss1ma Lemm.
Oscillatoria sp. 1
0§E?|‘ator1a gemlnata Menegh.

Lyn a sp. .

_X Bya sp. 3
Ena baena spp Bory




Table-3.2. . Total densities (algal units per 10 square centimeters)
oo of periphyton collected quarterly from artificial 7
<. substrates at four sampling stations in Shoal Creek from . - -

A gugu§t 1978 through May 1979 (--indicates missing '

~-data). :

o e ot o e e e i o e e e o, i YL b B S S e et T e S TR o A 8 - e i o

- Statfon  August 1978 November 1978  February 1979  May 1979

AU A -- 233,580 2,326,200
2,547,000 1,395,210 -- 3,038,510
2,584,630 1,246,160 -- 4,748,400

- 1,055,110 868,840 6,148,360




Densities (algal units per 10 square centimeters) and percentage composition
(in parentheses) of majrr algal divisions identified from periphyton
collections made quartorly at four samplwnq stations in Shoal Croek from August
1978 through May 1970

L ' Greens Diatoms Bluegreens Cr yptomonads s
'S;ation (Chlorophyta)  (Bacillariophyta) (Cyanophyta) (Cryptophyta) - Other

[ —n ot e o

~—— -— e

August 1978

1.5 279,420 2,212,760 35,940 0 19,280
e (11.0) ~(86.9) - S (1.4) ({0.0) - 1.0)
2 543,790 1, 966 050 59,370 0 15,420
- {21.0) (76.1) ~(2.3) (0.0) {r0)

- November 1978 -
1.5 845,480 © 308,400 141,100 B 100,230
= (60.6) C(22.1) 10T (0.0) (7.2)
2 730,830 347,030 52,650 0 115,659
1 (58.6) (27.8) (4.2 (0.0) 0 (9.3)
8 537,070 /308,320 94,070 0 115,650

(50.9) (29.2) (8.9) -(0.0) (11.0)
| o - February 1979 | |
Ly 76,480 53,930 87,750 0 15,420

= (32.7) S (23.1) - (37.6) (0.0) (6.6)
4 - 239,470 408,630 182,199 0 38,550
(27.6) - (47.0) S (21.0) (0.0) (4.4)

, May 1979-
S 751,730 1,441,780 40,170 15,420 77,100
e . (32.3) - (62.0) o) (1.0) o (3.3)
1.5 416,340 2,490,320 54,750 30,840 46,260
i (13.7) (82.0) 1 (1.8) - (1.0) S(1.5)
S o 822,130 4,194,290 27,750 46,260 53,970
(S (8.9) 7 (88.4) - (1.0) (1.0) )
e 285,280 5,605,180 88,280 15,420 154,200
(4 6) - '(91 2) —(1.4) (0.0) (2 5)




*fdomlnant in November 1978, and the Cyanophyta and BaCui}ax1opxyta were the
?dominant a]gal groups in the February 1979 rollectxnn There was spillway
foverflow from the lake durxng Apr]] and May 1978 but no major differences in

o a!gal dlvisions were noted on substrates located at the stations upstream and :

,rdownstream from the Junctxon of the pumphouse canal with Sho«l Creek at tnat
?twme ' E

olvEgsxrv |

Dlversity indices were calculated accordlng to the formulaa nf Snanncn {1948)
,'and are presented in Table 3.4. ‘The diversity 1nd1ce> were hxghest in August
:}9(8 (i.e., 4.46 at Station 1.5 and 4.21 at Station 2) and somewhat Tower in
,}November 1978 (i.e., 2.73 at Statlon 1.5, 3.03 at Statjon 2 and 3.26 at Station
4) in Shoal Creek ., The diver51twes calculdted for the Febluarj 1979 collect1on
_were similar to and slightly. higher than those in November 1978 (i e., 3.03 at
‘Statlon ! and 3.45 at Station 4) but still lower than. thp values ralculatea for -
fthe August 1978 rol]ert10n ':n May- }979 Statlon 4 had a diversity index of
4.4Y and Stations 1, 1.5, and 2 had values of 3.93, 3.61, and 3.15, ,
reﬁpectlve!y Throughout the year Statxon 4 had the h\ghest diversities dur1ng
~the year; the reasons for this trend were not clear but the locat1on of- Stat1ons
S - and 2 in a pool formed near the Junctlon of the pumphouse canal and -Shoal
Creek may have 1nf1u0nred colon1zaf10n at those stations. Dur1ng ‘the April to
,May exposure per1od ‘the Towest index was calcn]ated for Station 2. . ihis permod
,;was of part1cu1ar lnterest hecause overflow from the spwllway occurred then and
TtStat1on ‘2 was under the 1nfluenre of -water com1ng from Coffeen Lake. ~ Although
f;thc d1vers1ty at Station 2 may have been reducedmby the outflow of ]aKET;EEEFTf

A= 1\——————————
© #it was. not low enuugh to: 1nd1cate a. stress sxtuat1on and_the much higher

e e e

ffdlverSIty index ca?cu]ated for Station 4 during the same per1od indicated pbat 8
vaery diverse per1phyton commun1ty existed only a short d1stance downstream

|




&I',

;Tab\e 3.4. Diversity idd{ces calculated for'béiiphyton collected after

quarterly 28-day exposure on. glass slides at four stations
in Shoal Creek from August 1978 Lhra»gh May 1979 (----
indicates missing data).

'fStatlens August 19/8 November 19/0"1 pearuaw 10 9 ay 1979
?,fr‘ S e SEETTT 'jii] 2,27 | j;»,3.33;,
1.5 a.46 2.73 N RN R N
2 4,21 303 0 aeee 305
:%—4 »f;é,r 3.26 : '3 45 " e

e et

3.9




BENTHIC INVESTIGATIONS AT °

Gary Warren and James Buckler

ABST RACY

A study'of the benthos of Shoal Creek was conducted in arder to assess the
effect of heated ‘water overflow from Coffeeanake;upon,the bentnic fauna. Three
stations (one control, two downstream from impact) were sampled over a one-yesr
period. - The taxonc.aic compositions of the three locations were s?miiar,'but'”
differences were present in densities of the dominant organisms among the three
stations., All collections were dominated by imnature 01igochaeta and tne midge
genera Chironomus and'PolypediIUm. Analys1s of temperatyre aLﬂ»ﬂjssglye__wxgjt

data recoPd,ﬂ.&ﬂﬂ&urrenilynwiLn_benfﬁiE~£011§;ljon Jindigated that te:eis ot
imits of mast benthic. taxa

©during the two take overflow periods of l9/9 Diversity values calculatsd for

thesp _two parameters were within the tolerance 1

T i e e e 2T

all stations were qgenerally highest near the end of the spring lake ‘Vur*ton

All_values for this per1od were well above 3,0, 1nd1cat\ﬁgA‘1Lt1v re>> an
benthic. habltats ‘

4.1




INTRODUL T 0

;_Yhe'rnl ase of epilimnetic water from fnffeen Lswe 0t the faut Foark

1

e ‘;has Qgcurrﬂd infrequent ly as a means of contrn iy Yk
:'*’A ﬁﬁL year study of the bonthos of thne Fasl Voark gas (ond ot e
”:555253 the effect of heated water overflow upin the hentsi: faun

METHODS AND MATERIALS

1 zﬁguihic'cﬂlleiaéanc were 1aken from Stations 1, 7, and 4
. Fork of Shoa) Creek during November 1978 and Jamiary, arce,
September 1979. Station 1 was considersd the contral locats
' fwere,£he7areaé of possible thersal impact. Fazn oallection
'$émple§} seven grabs were Laken along a transecl at pach of

“Samples were obtained with a Petermore dredge fiarimies

"_Standakd No. 30 mesh seive bucket, and preseryed in guart Sars. 1y the
Vlahoratory, each sample was examined sepdrately under 3
'lmCt‘OSFOpe ﬂ!&h magnification to 40X, Benlnic anvmale wery remnged fo

“detritus and inorganic material, identified to Lra loges! sassinie yxns

* L% 3 i i
.41 3% s2,¢% 3
o Gountestooamd g

'lévé!:qti1izinq the }iterature cited in Appendis A7.1

- Raw data were converted to number or milligrams of arganiy=e per Sefuiary

~_Organisms that required stide-mounting for identification, sucn as DHirs
- and Qiigothqeta.'were cleared in 10X KOM solution or Anman's lactophenal
’mbunléd in Polyvinyl Lactophenol or Hydramount, ldentificatisns wers then mads

u¥ing a compound microscope with magnification to 19904,

Ancillary measurements recorded concurrently with benthic collictisns fnc

ﬁﬁgtat temperature and dissolved oxygen.

RESULTS AND DISCUSSTON

?Overf}ow Qf water from Coffeen Lake into Shoal freek uccurred fvsw'»iféy Har
'twfmid May 1979 and for a short period from late July Lo éarly hdﬂdﬁxrlg?p
2 2) The March to May overflow coincided with a period of 5p-ang;f3 fn-ca




-r»;nast bentnic Sasact taxa {(Curry 1965, Mebuker and Lene

- high discharge in Shoal Creer; the July to August

‘a period of Jow discharge {Fig. 2.1).  Water Lompsriture meagarud

- during.the periods of lake-water averflow {Fig, 4,13 were ver ¢ sing

e #

icdntrﬁl7andidownstreamzsiatigns and weére well-witnin 2ne ta

. Balifin andg Hern
:;<197¥ Hubbard g Feters 1978). 3§ssg’v“d orygen Tovels 30 s13tions downstrean
from the'spiliway were critically low Jn}j during Novemper 1973 and exhibited a

i4

norma) seasona} pattﬂrn during the reaainder ;f tne study period {Fige .10,

D}ssolved oxyjen at the control statzon'{?} AaS Consistentiy ! tower ‘n:l At the
downstream stations {2 and 4},

COMPOSITION AND ABUNDANCE

A £QLal dfi |5 taxa were CDl)QCLerfrﬁm that Creek énréﬁq'tﬁe'stﬁﬂy perisd: 74
}t@xa Qere collecied at'€tati0ns 1 and 4; snile A2 £Axa seourred at Station 2,
Fiqure 4.2 illustratas the sR3sonal f}urtia’x)q' in nuaber of taxy al each ,
station, These data exhibit no real 'rﬁﬂd Loward d3¢1n1nc: af total taca by any

one station. Higher numbers af taxa araur«»d at Statians 2 and 4 {or onechals

‘of the study. However, during the perlod af Pakg-water gverfliow in Harcn and
May 1979 the number of taxa Prefﬁnl AL the s eiions downsirean from Lne o

RS

fell below the number of taxa CD]?eﬁLédra! the contral siabian,

' ,Mean relalivﬂ abundance for Lthe PnLl”. Shos1 Craek henthic stidy cqua%!é# 2,909
orgamsms/m2 ‘Mean total denS\;y for inivvidual stations was Nighest gt
Station 4 (3,139 nrganiéms/m7) and lowest al Station 2 (1,197 neganian
Mean ‘total densxty at Station 1 equalled ! 796 avganims fad %ﬁ&%&na}
fluctuatlons in density at each station are illustrated in Figurs 4,2, As WAy
the case with total taxa, no station was r]narty different fram aiy sther i

,:terms of -mean dens1ty, but the densities al Stations 7 and 4 foi) below the

S

- density at Statlon 1 during the lake overflow periad fruﬂ March o 4 o§ 1979,

~.The depression in total taxa and mean total densities at Stations 2 wd 4 durlnj
~this spring overflow were not. dlssolved oxjf>n or fu puraLuvu !“lsSHi ad o

i mremana

o have had. physical (scour:ng} or chemical causes,

FREE
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'thun 1 3"illustratés the-seasonal fluctuations in densily of the five most
abundant taxa occurring ot each station, lmmature oligochaeles and two gener s

of Chironomidae (Chironomus and Polypedtlum) dominated the benthic collections

at all1étations and ‘accounted for 50% of the total organisms col!ecteﬁ. 5The
Dligochaeta ahd-Chironomus prefer,organically enriched habitats where the '
~“oligochaetes derive their nutrition from bacteria and Chirdnomds are. tube- _
-building détritivores Po]ypedllum ‘have been found in a variety of habitats and
have feeding habits rang\ng from predator/ to detrwtwvo:ous Other important
taxa occurring in Shoal Creek.were the midges Tanytarsus, Dicrotendipes, and
:Prdtladius; and the mayfly Caenis., {Egis_ggpera are. t/p\gal ‘members, and
dominants, of midwestern stream benthq‘ﬂgqmmunltxes

DIVERSITY

{Diversity'indtces attempt to summarize comﬁuntty'structure'éo that the habitat
jand water'quélities'of'differént'samblihg 1oc4tidhs may be compared.  In the
‘diversity index proposéd by Shannoni(leB); values of less than 1. indicate heavy
pollution, values of 1 to 3 indiéate moderate pollution, and values above 3 7
~denote clean water areas.  Diversity indices are most accurate when all ‘taxa
;testcd'are idenfified to Specles However, due to the poor. taxonomic state of
“many aquatlc groups, ldentlflcatxons to this Tevel are often vmposslble tn
such s1tuat1ons diversity indices lose some of their: atcuxacy ‘and mpan\ng

'Divefsttyfvalues over the'coqrse of the Shoal Creek study ranged from 137
(Station 4, January 1979) to 3.85 (Station'l,rMay 1979). Seasonal fluctuations
“were very similar at the thrée sampling locations (Fig. 4.4), Nd one station

- was c]eatjy mnnﬁ_or lesc duverse -than any other over: the couxse of thL study 7
;perlod A value of- 3.85 was calculated for the control stat1on near the end of
~“the lake overflow period in May 1979, while lower values were caltulxted for
,7Stat|ons 2 and 4 durlng this same time por1od (3764,and 3.38, resoettzvely).

’»71However, the fact that the vdlues calculated for-all stations were wpll above

3. D durlng th1s me ftnmewlnquates that there was ]1tt1e strnss on bonthlc IR aadts

fhabltats I L TR T T e o
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SECTION 6

EFFECT OFVA THERMAL D1SCHARGE ON FISHESVOF SHOAL CREEK
by 7
Lance G, Perry

ABSTRACT

w An investigation of frsh distribution, abundance, and species composition in the'r

East Fork of Shoal Creek was initiated in September 1978 in an effort to assess
‘the impact of thermal- enrichment on the fish communtty, Species composition of
the East Fork ichthydféuda was found to be simitar to'that reported previous]y'

study, no pronounced therma1 1nf1uences or:- specxes dlStr\butIDn or_ dbundance

. were detected Ant1c1pated occurrences of thermal enr1chment in the creek (pre—*;
SahEBTy durlnq the spr1ng) probably would not exert a lethal impact upon exposed
fishes, but may alter t1me and/or duration of spawnlng ‘activities and rate of
development during early life. It is unlikely, however, that the survival capaQ :
city of the stream populat1ons would be jeopardized unless cr1t1cal spawning
grounds were regu]arly inundated with excess heat. -A-worst-case (m!dsummet)

occurrence of thermal enrichment may elevate waterrtemperatures to lethal

levels, hut such an eveht presumably would represent a temporary and localized
event only, one that. loca] flshes could c1rcumvent by avo1d1ng the disturbed
area. '
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INTRODUCT 10N

,; Coffeen Lake was constructed to serve as a-cooling water facility for Centrai
~ Ilinois Public Service Company’s Coffcen Power Station. Since closure of the
dam uas'completed, impounding McDavid Branch, an ‘intermittent tributary of Shoal
f Creek‘é East'Fokk, the potential has existed for occasional thermal enrichment
of the area immediately below the dam. Frequency of occurrence, magnitude, and
,‘duratxon of thermal loading in the East Fork cannot be predicted with certa1nt/J
; since those events that could produce an increase in water temperature occur. at
irregular intervals. The release of thermal effluents from the lake is
~ultimately regulated by water level; it must exceed 590 ft in elevation (above-
. mean sea level) in order to establish and maintain a dischafge;over the
: spi]lway Beyond that initial requirement, the capacity'of heated lake water to
“induce temperature elevations in the creek is contlngent ‘upon power plant
i operat1on (amount of electr1c1ty belng generated), and ambient water
temperatures, factors that typlcally vary on a seasonal basis.

- Althodghbthe biological impacts of periodic additions of excess heat in Shoal
~ Creek are numerous -and potentially significant, no comprehenslve 1nvestlgat10ns'
; aimed at eva]uatlng thermal effects ‘have been conducted .in the ‘16 years since
= impoundment. - An opportunjty was,prov1ded, however, in association with the -
;rCoffeen Lake studies, to determine species.composition, distribution, and rela-
T tive abundance of fishes 1nhab1t1ng reaches that are occas1ona11y subjected to
'therma1 enrichment.. The primary obJect1ves of this study were to LOmpare the
r'above stated parameters at ambient and therma!]y influenced. locat1ons and to:
”i;relate those findings to published accounts of past fisheries surveys -in order
: to note any changes in: the local 1chthyofauna that may have occurred since
%’1mpoundment ' '

METHODS AND MATERIALS

f;Flshes were samp]ed at- Stat1ons 1, 2, 3 and. 4 (Fiqune 1.1, Section 1, herein)
%fon 28 September and 30 November 1978, and on- 5 Aprwl 18:May, and 20 July‘1979 f’
Statlon 1 was. located 1n an area unaffected by thermal discharges from the 1ake
ereas Statlons 2 3 and 4 rece1ved occas1ona1 thermal inputs. Samp]rng at-




each station consisted of one bag seine haul of 15 meler distance in a down-

stream direction. It was originally intended to sampie cach station every other
month (bimonthly) but an ice cover in January and March precluded collecting at-
tempts during those months. ' ' '

Allrfishes wefe preservéd in 10%,forma)in and identified Lo species (ei;épt
hybrid Sunfishés) in the laboratory. Identifications were accomplished:wfth the
aid of Smith (1979) and. that reference also served as a source of inférmation on’
the prior status of the Shoal Creek fish community. Scientific and common names
of fishes used herein follow Bailey et al. (1970). -

RESULTS AND DISCUSSION

Fish collecting efforts in Shoal Creek yielded a total of 915 individuals repre-
senting seven families and 22 spggiﬁs (excluding hybrid sunfishes). Minnows
(Family Cyprinidae) were represeﬁtéd by 9 species and were ofigreatesf impor -
tance numerically, comprisfng;?i%'of the total catch. Other taxa, in descending
order of numerical importance, included sunfishes (Centrarchidae, 5 species and
15% of total catch), topminnows:(Cyprinodontidae, 1 species and 8%), suckers,
(Catostomidae; 3 specieé and 2%), darters (Percidac, 2 species and 2%), shad
(Clupeidae, 1 species and 2%), ahd catfishes (Ictaluridae, 1 species and 0.2%).
Species encountered most frequgnt]y‘included the red shiner (Notropis lutrensis,
32% df total catch), sand shineri(ﬁ; stramineus, 14%), bluntnose minnow. '
(Pimephales notatus, 13%), and hluegill (Lepomis macrochirus, 10%). : ;:

The assemblage of fishes found in the study area appeared to be typicaTiof the -
regibn based upon earliér reports. Of 23 species known from the area (Smith
-1979), 13 were encountered in the present study. Four species that were repré—?
- senﬁéd in our: ¢ollections, including the golden shiner (Notemigonus cryso- 7
leucas), bigmouth buffalo (Ictiobus cyprinnelus), guillback (Carpiodes

:'wf_vcyrpihQS). and black bullhead (Ictalurus melas), were not found previodéiy in

o théfimmédiate;Study area but were recorded from adjacent localities within the

East Fork system. Fishes designated as either decimated, rare, or restricted in
Il]iﬁéis by Smith (1979) were not;encountéred nor was their presence ddcumentedﬁf o
';byypféyious’ihﬁestigatérs; ' i - :
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~dance of individuals _were detecteg in a comparison of the ambient statloo with
[~ MRyt et e

;'thermally inf Juenced statlons‘ Stations 1 /ambienIW, 2y and 3 each jto}‘ed a

totaT_Eatcnycompr15cd of six famllwes ‘and 14-17 species, and the Station 4 catch
- included seven families and 17 species. Those findings do not necessarily
reflect thermal influences in the creek, however, since the input of heated 1ake
~water waé not continuous throuqhoUt the period of study. Snow melt and spring
rains maintained lake levels sufficiently h]gh to sustain an intermittent

E discharge over the spillway from early March to mid-May (1979) only. Therefore,
- of five monthly samples obtained during the past year, only the month of Aprl]
represented a'period of potential therma) impact in the study area. - The

" temperature of the discharged effluent on the April sampling date was 27°C at-

: the time of release from the plant (J. L. Kennedy, personal communicafion)

, Recorded water temperatures at Shoal Creek sampling stations were much lower'

: however Station 1 (ambient) = 8.2°C, Station 2'= 10 9°C, Station 3 = 9.5°C,

" and Station 4 = 9.5°C. A]tnougn’yater temperatuneswat_tcetestatxans vae

slightly higher than ambient, it is doubtful that the observed increases: werg;of

e

sufficient magnitude to produce a notlceaﬁle~d1sparlty in distributions of

S S

fishes between heated and ambient sites. That was supported by our - flndmngs in

: IFEE“fHE"KEF?T“ESTTEEEions were similar in species composition and abundance at
the four stations. In view of the preliminary and somewhat cursory nature of
those coilections, however, the data were considered inadeqUate for;making any
definitive judgements on the general well-being of Shoal Creek fishes or -

i predicting their responses'to therma]'inputé It isy: perhaps, of greater
tututlllty to review the basic: eco]og1ca1 requirements of the local 1chthyofauna in
. order” to allow a pred1ctlon. based upon inferential ev1dence of changes in the

~ of thi ”report is devoted to that end.

: Anj:mod{ficatjon of the natural thermal regime in'uquatic systems may stgnifiQ
‘;,,cantly’alter'normal phySio]ogical and'behaVioral'furctioning of exposed‘ftSheé.
o Because flshes in temperate regions have adapted to a rather stringent anntal
}thermal reglme and since the1r metabol1c rates are d1rect1y related fo water;
temperature, da11y activities and b1orhythm1c cycles. (mwgrations, reproductlve:
't1m1ng, etc ) are: often keyed to seasonal temperature cycles. Accord1ng\v, :
artificial temperature elevatlons may affect fishes 1n numerous, d1verse, and

, 5 4 = ,

“No outstanding d\fferenres .n species compo;zt\on,vttmporal OCLUl’CnCP, or aaun-w :

fish commun1ty that may have been produced by thermal enwlchment The remainder




~complex ways.rrfhe complexity is evidenced'by a mu%iip\ici%y:éf possible inter{
actions invo)?ing ]ethai and sublethal meppfxturn' effects on the one hand, and
varying degrees of temperature san$1*1v1txes exhibited by thn various tife
stages (egq, larval, juvenile, and adult) on the other. A xnowledge of life
history strategies, habitat requirements, and temperature tolerances of Shoal
 Creek fishes is required, therefofe, before inferedces can be drawn reqarding
their'vulnerability to thermal impacts. -A summation of those data, derived from
the literature, -is presented in Tables 5.1 and 5.2, and the fol]ow1ng d1scussxon
is in reference to those findings.

In general, fishes exhibiting the lowest temperature tolerances also-exhibit the
earliest and possiblyrthe shortest spawning seasons. In Shoal Creek, this in-
cludes the suckers, darters, and among the minnows, the creek chub (Semotilus
atromaculatus). Four of those species, the creek chub, creek chubsucker
(Erimyzon oblongus), white sucker (Catostomus commersoni), and johnny darter
(Etheostoma nigrum) are characteristic of Pfleiger's (1971) Ozark and Ozark :
prairie faunaT regions,énd. as sbch, probably require a clear water and rocky -
bottom habitaﬁ for long-term existence. Clear water appears to be the principal
, reqmﬁfement of the slough darter (Etheostoma gracile) as well, an inhabitat of"
Pfleiger's (1971) lowland faunal region. The remaining members of those familia
groups typify either the prairie assemblage (quillback and blackside darter,
Percina maculata), usually inhabiting modéréte]y low gradient, warnwater
streams, or the "wide ranging" group (bigmouth buffalo) which are believed Lo o
exhibit a relatively broader range of tolerances for water temperatuxe extremes,

fturbldlty, level of dissolved oxygen, volume of flow, and substrate comp051t1on
than the aforementioned species.’ ‘As a group, the minnows appear to possess a

greater tolerance for high water temperatures than the suckers or darters (Table

- 5.2).. Most éfe spring and early summer spawners and a few have spawning seasons
extending into late summer. A wide range of environmental tolerances is |
suggested byztheir designation as either prairie stream inhabitants or
wfdg?ranging'in'distribution (Table 5.1).. Two sneéies, the silverjaw'minnow 7
(Ericymba buccata) and stoneroller (Campostoma anomalum) apparently have more

stringent habitat requirements than the others and display a greater aff1n1ty :

“for ‘clear water and rocky substrates. The gizzard shad (Dorosoma cepedianum),

‘fblackibu]lhead, blackstripe topminnow (Fundulus notatus), and the sunfishes al)

: 5. 5 '
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Table 5.2 Approdieste lethal temperatyres of Crohan fromothy Dot Fary of
S ©Shoal Lreek, ; ' : '

{reek chub

Aigmouth buffals

Lreek chybsucker
Quillback

White sucher

Blackside darter
Johnny darter

Slough darter
Bluntnose minngw
Fathead minnow
Golden shiner

Red shiner

Redfin shiner
Sandshiner

Silverjaw minnow
Silvery minnow
Stoneroller '
Suckermouth minnow
Black bullbead

Green sunfish
{ongear sunf ish

white crappie

Gizzard shad
Bluegiti- ,
Largemnouth bass :
Orangesputted sunfish : -
Blackstripe topminnow. e : L4
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*From Bush el al. 519?6). Lethal temperatuyres for species not giﬁlﬂdriﬂﬁrﬁig
were inferced from those given for Clasely related species, , '




have recorded temperature talerancss groalic than
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water, kny y discharge of lake water over the ,gxﬁtnij at that time of
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~be considered cheptionnl since he

avy. pr;csawaatnnn in late suwser is-uncommon.

Da ‘ing the period 3( most ‘ntense thermal !nsﬂzqq, there efore, the heated

ﬁffruent would QQSL ﬂﬁmthr 23t to Shoal freek fishes since it would usaaiiy"'

“remaxn within the conftnes of Lhe 1akp. Nonvihﬁ}v‘;, 4
of the effects of “heat stress in Shoal Creek should ingiude d33'§§[ﬁﬂ!})i

impacts asSociated wtth the DCLUTFFHCQ wf a worst-case Lhema} »,9 E'an 1%5
- one hand and a more Lyplcai predictabla evert on the ather, ’

The worst-case scrnurto pre5umab1y w0uld qciudv a m.d ar Yate Suntr e ERTRTY a1
dischargp becausr, as. discussed ahovn thermal Inading of the Vake s grog atest

comprehensive ,; GeRgmant




‘at that time,  Becsuse high water levels are required Lo produce 2
. from tho Fake, a relatively high volume of flow in Shoal fSreew would be

oas wel] Lhu%racLing Lo resist or buffer temperature increases and estaniis
”dccess,coutgsr(by connecting isolated pools) tnal would enable fignes e

- gthérilncaaigns} As a result, even if temperatures excee izd kngan lethat. Py s
: 5tf§ertain Tocalities, the high waler would affer exposed fishes Lthe aptz«n of :; 1 =
: mOV!ng upstream Lo unaffected areas or traveling downstream until heat d‘SS?ﬁa-'V'} 7'7
: L‘Oﬂ rendered waler temperatures more favorable. Reports of fish kill s,ih ja"

i;ﬂature aS a direcl result . of thergpal _enrighment of suvfare aaters are rvnsuzc

‘ susly rare, even for temperature-sensitive forms. One might logically assame

iﬁat thé,ébiiity'tq detect and avoid harmful tewperatures is one reason for-the: B
Nack-af suth findings. That contention is supported by Mcfarlane (1976} who
- determined that stream fishes avoided potentially lethal thermal effluents :
:emanatvng from cooling condensers but rapidly repopulated the affacted Stream
~sections once thé flow of heated water ceased. Strean fishes were alsa found’ :?;_fr
- ;be,cépable of travei%ng great distances to occupy previously vacated stream,&gif';
r;tlons Ahat were affected by drought (Larimore et al. 1959). Escapement is -
'apparpntly a common strategy among stream fishes provicing a means of- avo'izqﬁ*T

'dgleterlous effects of lJocally extreme or unfavorable env\ronmental,conuzalcns}*

L Whe%éas lethal effects of elevated water temperatures on fishes are ré%dgiveéyr
edsy Lo predict, given accurate tolerance data and consistent responses on the

Cpart of the fishes, sublethal effects lend themselves less readily to accurate . . '
;évaluation. Quantitative as well as quaiitative changes are passible conse- -
‘quences of thermal enrichment, and these can occur at all levels of organization . -

“within the fish community, In Shoal Creek, a typical-case thermal exposure
would occur during the springtime rainy season when water levels are high and.

- consumer power demands are low, “As a result, a lethal temperature increase in
-1§hoa] Créek wbnld be improhable. Most resident fishes are iovolvad in spawnxn3~n:’

Clactivities at that time of year, however, and artificially ﬂIpvaLpd wa&pr tam-sr

"fafperatures on the spawning grounds could affect reproductive processes, ¥hn cona,3
"isequences of disrupting or modifying such natural functions are, as yet, spcgn~ e
lati P The:paucity ot-gravel substrates in the study area suggests {hdi flshe ]
prefe}ring or requir1nq rocky substrates for spawning (Table 5. i)*nay:nxg:al; ff,*ﬂ,f’
sut of the affected area prior to spawning, thus inadvertently avoad*ng area §o

: 5.10




Subjééi,to therma‘rédditiuns iﬁfihe spring(irﬁman fishes tnat do spawn in tne
arga,;time of spaaning may be advanced and aégs and }arvge'af Lthose fishus Ay
¢ereriénce an accelerated rate erdevélomeQL when exposed to elevaten
temperatures, Ihisrcan he perééived as 2ither an enhancement or 8 hingrance to
reproduct ive efforts. An accelerated growth rate and carlier spawning season,
~for example, would offer various selective édvantages to earlier spawned
individuals compared to conspecifics spaWned:!ater in the season. D ‘the other
hand, more rapid development during early life may preveat synchronization of
peak blénkton production with the onset of external feédih§ in !arvaé,3thereby
reducing their chances of surviva) through the ¢ritical fifst feeding stages.
Those effects would be more pfbnounced ameng larvae that are displacéd '
downstream after hatching and d;i)ize areas other than the imnediate spawnirg
grounds for feeding and growth. - In addition, eqqs and larvae at thermally
influenced locations could be expdsed to sustained high water temperatures or
extreme temperature,fluctuations7beca05&, unlike adult fishes, their Yimited

motilities may prevent escapement, It is LhUSVQvidenL that the rigid;dependencyf:r
of 1ife history phenomena on the annual thermal regime make specific impacts of o

unnatukal temperature increases difficult to discern or verify, Ay unnatural -
temperéture elevation hay altérrthe capacity of a species;io survive in an
affected region by madifying spawning time or location, nest building and
guardiﬁg activities, or survivorship of eqgs and larvae {see for example,
Rosenthal and Alderice 1976). ' ' b
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