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ABSTRACT

The Davis—-Besse Nuclear Power Station, currently under con-—
struction on the south shore of Lake Erie near Locust Point, will
use water from the lake for coolihg purposes. Based on thermal
specifications for this plant, laboratory experiments were conducted
to try to predict the effects of thermal effluents on the Lake Erie
| fishery resource. Over 2200 fish representing 29 of the 486 local
species were tested to determine their seasonal final temper*atur*e

preferenda. All final preferenda were above lake temperature dur-—
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ing fall, winter, and spring indicating attraction to thermal dis—
charges during these seésons. Summer final preferenda were
approximately equal to or slightly higher than lake temperature

for all species tested indicating indifference of slight attraction

to thermal plumes. Hot shock tests were conducted on 1873 fish

of 41 species and cold shock tests were conducted on 893 fish of

34 species. Hot and cold shock results indicated that the absolute
temperature to which fish were subjected was more important than
the size of the temperature change. Therefore, summer kot shocks
and winter cold shocks caused the greatest stress. The species

most likely to be harmed by thermal effluents were Alosa pseudo-

harengus (alewife), Aplodinotus grunniens (freshwater drum), Doro-—

soma cepedianum (gizzard shad), and Morone chrysops (white bass).
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.STUDY OBJECTIVE
To be able to specify the response of all species common to
western Lake Eprie to the heated discharge from the Davis-Besse

nuclear power plant throughout the year.

JOB II-a
TEMPERATURE: PREFERENCES OF LAKE 'ERIE-FISH

Objectives
To be able to speéif_y the seasonal temperature preferences of
L ake Erie fish.

Procedures

Fish for these experiments were captured near F.T. Stone
L_aboratory onh South Bass Island and at the northeast corner of
North Bass Island with a fyke net, and south of Rattlesnake Island
and at Locust Point by trawling (Fig. 1). Fish for winter testing
were caught in November and early December and held in 420-1 ' i
holding tanks in running, ambient temperature lake water until
they were tested. During all other seasons fish were tested as
soon as possible after capture, usually within 1 week. Fish were
rﬁaintaihed »a»nd tested under actual seasonal photoperiods. Natural
lighting f‘;r"om ‘windows in the north and east walls was adequate for

most observations.

from a wooden tank 8.7 m long, 78 cm wide, and 50 cm hiéH (Barans

and Tubb, 1978), A system of altérnating transverse

SR Tl Y SOy

Tests were conducted in a horizontal' i‘:en'ip‘er-aturrel gr*adiefn"‘t ,\,mad'e,.
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FIGURE 1. WESTERN LAKE ERIE SHOWING PLANT SITE AND - oL,

LOCATIONS OF FiSH CAPTURE FOR LLABORATORY

PREFERENCE AND SUDDEN TEMPERATURE CHANGE
TESTING. : R



ture in the center of each compartment. By adjusting the
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baffles each 56cm 16119 ,”Fofﬂ;"nec-ir a sét&és ofés ;){rtuaily identi_caf
compartments. In effect, this arrangement increased tﬁe'horizontal
length of the tank to 24 m without greatly restricting the movements
of the fish. Sand-filtered lake water was passed through 0.64 cm
Tygon tubing at a rate of approximately 2 1/min into the cold end of
the gradient. To lower the temperature during the spring, summer
and fall, t.he water was first routed through copper pipe in a cooling
reservoir, Examination of the water quality in the intake line and in
the gradient tank indicated no significant increase in the level of
copper in the water due to this cooling system. The water was then
Heated progressively higher in each of the 28 compartments és it
flowed to a standpipe, 25 cm high, at the opposite end of the fank.

A \/y;:or 500 watt heater, ARC static switch'relay, and corres—

ponding Jumo thermoregulator maintained a constant water tempera~

thermoregulators a change of 0.5 — 1 .5OC could be developed between
compartments. Each season a different fe.mper‘atur‘e range Was estab-
lished within the gradient Ffom a low of several degrees below iake
temperature (late spring, summer, and early fall) or slightly above
the lake temperature (winter), to a. high of 15 — 28°C above lake
temperature.

Aeration from three air stones in each compartment gréatly
reduAced vertical temperature str*a_tification ’and: méi_ntained dissolved

oxygen at near sa’cur“ation levels'in alIfédmpér*tments‘ (_Bara_ns and
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Tubb, 1873). The water temperature ‘at fhé -c—enfér of alter'r%aitew cofﬁ—h
partments was measured with probes from a YSI multi—channel
telethermometer. By moving these probes temper*atgr‘es could be
ascertained for every compartment.

In order to acquaint the fish with the gradient abpar*atus, 24 hours
prior to testing they were placed in an acclimation tank half as 1ong.
as the gradient tank, with the same system of baffles as the gradient
tank, but vﬁth no heaters or thermoregulators. The water tempera—
ture in the acclimaticn tank was maintained as close to lake tempera—
ture as possible (usually within 2°C of lake temper‘a’ture). The fish
were then placed in the gradient compartment with the tempeﬁatur‘e
closest to lake temperature (normally within 0.5°C of lake tempera—

ture).

The number of fish per test varied from one for adult Micropterus

dolomieui (Barans and Tubb, 1973) to 27 for Notropis hudsonius.

The duration of the tests varied from 1-2 days in the summer to 3-4
days in winter. Barricades were used in late fall, winter, and early |
spring to keep fish from entering warm water too rapidly and being
killed. The barricades were placed a minimum of 11. 1°9C (maximum
plume temperature) above ambient and then gradually moved as the

fish became acclimated to warmer water.
’ {

[y
)

Fish location and behavior were observed at 2-hr intervals during

daylight hours. The temperatures of the compartments containing
fish, weighted by the number of fish in each, were used to calculate

-9 -
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the mean temperature preference for each observation. When these
mean temperature preferences were piottéd graphically, the résulting
curve could be divided into an acclimatién period and a stationary
preference period as shown in Figure 2 -~ The acclimation period
included the random swimming that often occurred upon entry into:
the tank and the rapid increase in preference temperature that
occurred in late fall, winter, and sarly spring. The.s’cationar'y pre—
ference period was that interval when individuals showed little or no
change in their temperature preference for approximately 24 hrs.
Observations during this period were used to calculate the final

preferendum of each species. The final preferendum is that

STATIONARY
PREFERENCE
PERIOD

—de

ACCLIMATIO
PERIOD

Temperature —

Time ——————

Figure 2, CHARACTERISTIC PLOT OF MEAN TEMPERATURE
PREFERENCE FOR LAKE ERIE FISH AS OBSERVED
AT PUT-IN-BAY, OHIO.

- - 10 -
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the fnean temperature pbeferehce for each observation. When thves.e |
mean temperature preferences were plottéd gr*aphicaﬁy, the resﬁitihg
curve could be divided into an é.cclimatioh period and a stationary
preference period as shown in Figure 2 The acé:l'i-r“i;é.tion per*iod
included the random swimming that often occurred upon entry into

the tank ar;d the rapid increase in pr*éference femper*at(me that
occurred in late fall, winter, and early spt'"ingl. The stationér‘y pre—
ference period was that interval when individuals sﬁowed littié or nb ‘
change in their temperature preference for approximately 24 hr's.

Observations during this period were used to calculate the final

preferendum of each species. The final preferendum is that
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Figure 2. - CHARACTERISTIC PLOT OF MEAN TEMPERATURE

PREFERENCE FOR LAKE ERIE FISH AS OBSERVED
AT PUT-IN-BAY, OHIO.
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temperature ra'nge in which the fish \;vil-l ultin;matevl)‘./'cvdngr*egate in an
infinite gradient (Fry, 1947). The present approach of calcula'ting a
1seasonal” final temperature preferendum for each species differs from
the classical approach described by McCauley and Tait (1970) in that I
have determined the final preferdum for each season rather tHan
attempting to acclimate fish to unnatural temperatures during one
season.

When a species was tested only once during a season all the
readings taken from each observation during the stationary preference
period were used to calculate the mean and the stz;.ndard deviation in
the final preferendum. This was impossible to do when a species was

tested more than once during one season bepgus_e the ljumber*s of
observations during the si:ationar*y prefe‘r*encé periods wer‘e"u;xéq»u.alrm
resulting in a bias against the test with fewest observations. 'i'here-—,
fore, the grand mean of the individual test means, weighted by the
number of fish in each test, was used. In this case, the é_tandard
deviation presentéd is the étandar-d deviation between the indix)iduai
te;t means, again weighted by the number‘ of fish in each test.
Ambient lake temper‘a;cures, as r*ecor'ded m the holding tank“s“, |
range from approximately 1 .0°C to 26.0°C. Based on the range
of temperatures observed during the winter and summer months,
results from tests starting at 5 .500 or lower were cohsidered
winter presults, spring temperatures were 5.5°C tq 20.0°C, summer

temperatures were considered to be those of 20.08C and above,

and fall temperatures ranged. from 20,0°C to 5.5°C.

- 11 -
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Findings

Since 1974 data.have: been obtained:from 2239-£fishinepréasenting 29 «!
ofidhesdbolocalkspecies (Eakle th). The reemnaining 17 species were
not tested due to difficulty in obtaining sufficient numbers of indivi-
duals. A complete listing of indNidual test results is contained
in Appendix A.

The final temperature preferenda of all fish tested were above
lake temper‘at.ure during fall, winter, and spring. Barricades were
necessary during these seasons to keep Fis‘h from swimming into
warm water too rapidly and being kilted. AL species tested disgla
played low thenmmal iresppnsiveness during these seasons and wouid
have exceeded their CTM, if barricades were not present. Sum-
mer preferenda were approximately equél to or slightly higher
than lake temperature for all species tested.

Recommendations

This research should continue with additional effort to
obtain results for species which have not been tested. The
results of all tests should be key-punched to allow more soph-—
istdcated statistical analysis.with computers.and to determine

where further testing is required or no longer necessary.

- 12 -
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TABLE 1z

SUMMARY OF SEASONAL FINAL TEMPERATURE PREFERENDA
OF LAKE ERIE FISH '

Length (mm) ~ Final .  Standard
Species, life stage, No. ’ preferendum | deviation
and season tested Mean | Range | °c °c
Alosa pseudoharengus
(alewife) , ,
ADZ Spring 11 166 150-175 21.3 115
Ambloplites rupestris
(northern rackbass)
AD Winter 12 186 161-211 21.6. 3.7¢
Spring 14 197 131-241 19.6 . 0.8
Summer 12 192 - 148-217 20.2 - 2.6
Fall 8 166 123-209 22,2 - 0.sc
' .Aplodinotus grunniens
(freshwater drum) ) ‘ :
YOYP  Summer 13 88 62~108 31.3 0.7 -
AD Summer s 47 182 132-287 26.5 " 1.7¢
Fall 3 299 292-308 26.2 5.7b
Spring ‘2 369 | 355-383 18.8 2/0b
Carassius auratus
(goldfish) _ .
 AD Winter 12 232 198-279 24.2 3.4
Spring 13 264 205-330 25.0 0.8¢
Summer 33 261 175-345 27.0 1.6%
Fall 5 266 237~295 26.4 1.3
| Carpiodes cyprinus
(quillback carpsucker) o
AD Fall 1 367 22,1 1.0
Catostomus commersoni
(common white sucker)
YOY Winter 2 164 157—-170 8.8 0.8
AD Fall 3 222 146-310 22.4 1.7
. £
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TABLE 1 CONT.

SUMMARY OF S EASONAL. FINAL TEMPERATURE PREFERENDA
OF LAKE ERIE FISH o

._.14_

Length (mm) Final  Standard
Species, life stage, No. : preferendum | deviation
and season ‘tested Mean | Range °c °c
) b
Cyprinus carpino
(carp) » :
AD Spring 21 268 204~337 27.4 2.1¢
Summer 184 145-225 29.7 2.3¢
Dorosoma. cepedianum
(gizzard shad)
AD Summer 26 117 83-223 26.5 8.7¢
Fall 62 148 104~-206 21.9 3.2¢
Ictalurus melas
(black bullhead) , e
- AD Spring 4 214 208-221 23.8 1.8
I. natalis .
-(Vellow bullhead)
AD Summer 22 182 146-238 28.3 0.3¢
Fall 4 230 219-236 24,5 1.2
I. nebulosus
(brown bullhead) o
~AD Winter 10 276 212~329 10.9 1.0
Spring 37 255 192~334 22.4 4.7C
Summer 20 245 170~-325 24.9 3.5¢
Fall 7 245 155-305 21.9 2.9%
1. punctatus
(channel catfish)
AD Winter 1 398 10.6 .3
Summer 143 189 109-301 25.5 4.1¢
- Fall 30 170 55-291 25.3 2.2C
Lepisosteus osseus _
(longnose gar) i .
YOVY Summer 1 49 25.3 0.7
AD Summer 1 2389 33.1 1.8
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TABLE i CONT.

OF LAKE ERIE FISH

Length (mm) Final _Standard
Species, life stage, . No. , preferendum deviation
and season tested Mean Range 004 °c
Lepomis gibbosus
(pumpkinseed)
AD Spring 13 - 148 119-178 23.8 . 2.4
Summer 25 163 95~168 27.7 1.1
Fall 2 162 158-165 25.3 3.3
L. macrochirus
(bluegill) ,
AD Winter 20 129 89-144 27.4 0.4¢
Fall 2 138 105-171 29.8 1.6
Micropterus dolomieui
(smallimouth bass) :
Yovy9  Winter 18 18.0 -
” Spring . 4 i 19-24
Summer 19 31.0
T Fall 2 _ 2427
YOY Summer '8 95 ©0--105 30.0 1.3
Fall 6 111 97141 26.6 2.2
ADA Winter 2 1213
e Spring 4 15~16
- Summer 2 30.0
Fall 4 AP 2123 -
AD Spring 3 288 217-268 27.0 2.4
Summer 10 225 | 183-246 29.83 - 0.2b
M. salmoides
(largemouth bass)
AD Fall 1 210 29.2 0.1
Minytrema melanops
(spotted sucker) :
AD Fall 1 363 8.3 1.7
§
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SUMMARY OF SEASONAL FINAL TEMPERATURE PREFERENDA
OF LAKE ERIE FISH . - .

‘ Length (mm) . Final -1  Standard
Species, life stage, No.- : preferendum deviation
and season . ‘tested Mean | Range °c °c -
b
Morone chrysops
(white bass) ~
Yoyd Winter 18 ' 10-13
Spring 15 o 16-18
Summer 23 31.0
. Fall | 55 o - 28.0
YOY  Summer 17 73 157-93 . 27.8 1.7
ADd Winter ‘ 6 T 12-17 : |
. Spring 30 ‘ S 19=17
Summer 13 28~-30
Fall : 22 16-17
AD Winter e 203 § - 29.7 0.3
Summer - 6 147 131-167 31.8 0.5
Fall 1 237 L - 25.4 2.0
Notemigonus crysoleucas
(golden shiner) :
~ AD Winter 6 129 123~139 16.8 2.5
Spring 8 194 162-241 . 23.7 1 2.9
Summer o 15 172 99-217 | =  22.83 - S 1.1¢
Fall 5 154 109-195 21,0 3.9
Notropis atherinoides
{emerald shiner)
yovyd  Winter 89 T - 10-12
Spring 52 13—-15
Summer 95 : 22-23
Fall 76 o 13-14
ADA  Winter 40 ‘ ! 5-6 .
Spring 40 : 16.0.
Summer 27 o : 2224
Fall ' 33 - 15-17 .
AD Winter 55 o8 75-110 ' 8.3 2.1¢
#
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TABLE 1 CONT. .

OF LAKE ERIE FISH

A Length (mm) ‘Final Standar
Species, life stage, - No. preferendum deviatic
and season ‘tested Mean Range ' -OC,: : °c
N. hudsonius
(spottail shiner) » : ‘ :
AD Winter 25 110 102~125 T9.0 1.6C
Spring 27 116 105-140 14.3 1.5
Noturus flavus
(stonecat madtom) , 2
AD Winter 10 218 192-250 5.5 0.3¢
Eall 13 214 190-238 25.1 0.1C
Oncorhynchus kisutch 7
(coho salmon) : ' . S
Yoy Summer 12 125 120-130 12.3 1.6
AD Spring 5 150 | $40-160 11.4 4.0
Fall N 1 360 ‘ 10.6 2.3
Osmerus mordax .
(rainbow smelt)
AD Winter 17 175 143-221. 4.3 0.4¢c
Perca flavescens
(yellow perch) S
YOvyd Winter 28 10-13
Spring 21 18.0
Summer 27 - 25-27
Fall 28 28.0
ADd Winter 27 7-12
Spring 27 13-16
Summenr 138 - 27.0 o
. Fall 38 22-25
AD Winter 33 201 140-288 14.1 0.8¢
Spring 5 257 232-283 21,2 0.7¢
Summer 61 - 179 131-210 20.9 3.4¢
Fall 24 197 170246 20.8 6.3C

517—
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TABLE ! CONT.

SUMMARY OF SEASONAL FINAL TEMPERATURE PREF:ERENDA |

OF LAKE ERIE FISH

Final

. Standarc

27.1

| Length (mm)
Species, life stage, No. : preferendum deviatior
and season tested Mean Range - °c. °c
Pomoxis annulari is
(white crappie) ‘
AD Winter 14 173 112-197 19.8 ‘2.6%
Spring 40 202 156-290 18.3 2.0%
Summer 21 203 133-289 20.1 2.6%
Fall 5 194 166-208 10.4 3.4
P. nigromaculatus
(black crappie) .
AD Winter 111 184 139-274 20.7 2,9
Spring 55 179 137-244 21.0 4,.5%
Summer 49 . 179 97-236 21.7 5.0C
Fall oz 192 152-236 24, 2.4c
Stizostedion v. vitreun:\
(yellow walleye) '
YOY Winter - 1 128 1.7

Notes:
a AD designates adult

000

YOY designates young—of-the~-year
More than one test was conducted on this speCLes
Tests conducted by Barans and Tubb (1973)

- 18 -
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JOB II-b
EFFECTS OF SUDDEN TEMPERATURE
C-/CHANGES ONIAKE ERIEZFRISH
Objectives
To be able to specify the direct effects of sudden tempera-—

ture changes and the critical thermal maxima of Lake Erie Ffish.

Procedures

Fish for this phase of the testing were captured by the same
methods and in the same locations as those used in preference
testing. Testing was accomplished using two 190~1 aquaria
equipped with é Jumo thermoregulator, ARC static switch relay,
Vicore 500 watt heater, and 2 air stones.

To determine the effect of a hot shock (§wimming into thg
plume) fish were transferred from ambient lake temperature to
a 190-1 aquarium, which was maintained 11 .109C above ambient, and
observwed for one hour. I, was also deemed necessary to determine
the Critical Thermal Maximum (C.T.M. — the temperature at which
the fish loses locomotor control) of each species during each season.
Conseqhently, when the 1—-hr observation period was completed, the
temperature was gradually increased to the C.T.M. of each fish,

If the original shock temperature was above the C.T.M. of the fish,
as was oftefn the case in summer, the fish was removed after it
lost swimming ability. It was then returned to ambient temperature,

and observed to test survival., This was done to simulate a fish

~ - 19 -
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losihg locomotor control in a plume and being forced to cooler
‘water* by a discharge current.

To determine the effect of a cold shock (a fish which had
resided in the plume swimming out of the plume or simulation of
a sudden plant shut-down), fish were maintained at a temperature
11.1°C above ambient in a 190-1 aduar*ium for at least 24 hours,
They were then transferred to a 420-1 holding tank a;c ambient
lake temperature and observed.

The above procedure allowed for the rapid testing of many

specimens, however, species which were stressed by these cold
shocks might not have been stressed if a hot shock had not pre-
ceeded the cold shock..Therefore, these '"fragile" species were not
subjected to hot shocks prior to their cold shocks. Instead, the
temperature of their surroundings was gradually increased to the
hot shock temperature prior to undergoing cold shock testing.
To reduce the potential stress:zof handling these "fragile" fish, a
siphon aﬁd pump system was developed to replace the warm water
in the tank with ambient temperature water, thereby producing a
cold sh.ock without moving the fish., Loss o .

Loss of stability, equilibrium, and swimming ability, and an

increased respiration rate were used as indicators of stress

(Bridges, 1971).

- 20 -
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Findings
Hot shock data were obtained on 8 previously untested species
and 2 hybrids during F-41-R-7. A total of 1873 fish representing
41 species and 38 hybrids have now been subjected to hot shocks
since 1871. The highest observed CTM indicated the point above
which hot shock temperatures were lethal (Table 2). Data on
individual tests and test specimens are contained in Appendix B.

The most delicate species tested and the most likely to be

harmed by a sudden temperature increase were Alosa pseudokeci el gur

harengus and Dorosoma cepedianum. Both shad and alewife were

very fragile, and could only be maintained in the holding tanks
for short periods (Usually 2-8 weeks maximum). Beyond this

time the condition of the fish became questionable and shed doubt

on the validity of the test results. B&Bplodinotus grunniens was
also quite delicate and difficult to maintain and test. The other
80 species were tested ahd maintained easily.

The CTM of each species tested was well above the maxi-
mum plume temperature during late fall, winter, and early spring.
The CTM of each species also increased as lake temperature
increased, but not as rapidly. When the highest lake tempera-—
tures were reached in late spring, summer, and early fall
(especially summer), the maximum expected plume temperature

was above or very close to the CTM of every species tested.

- 21 -
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TABLE 2

HIGHEST OBSERVED C.T.M. OF LAKE ERIE FISH
SPECIES TESTED IN HOT SHOCK AT PUT-IN-BAY, OHIO

Species C.T.M. Ambient Season
(highest Temp. of
observed) °C °c observation

Alosa pseudoharengus 30.2 18.2 spring

Ambloplites rupestris 36.0 23.5 summer

Amia calva 37.0 23.8 summer

Aplodinotus grunniens 34.0 21,2  summer

Carassius auratus 39.3 26.1 summer

Carpiodes cyprinus 37.2 23.3 summer

Catostomus commersoni 32,6 23.6 summer

Cyprinus carpio 39.0 23.3 summer

C. carpio x Carassius auratus >25.3 9.8 fall

Dorosoma cepedianum 32.0 14.4 fall

Etheostoma blennioides 34,9 21 .1 summer

Ichthyomyzon unicuspis 31.6 4.5 winter

Ictalurus melds 34.2 14,8 spring

I. natalis 36.4 22.2 sumimer

I. nebulosus 38.1 26.0 summer

I. punctatus 38.0 22.7 summer

Labidesthes sicculus 32.3 14.8 fall

| episosteus osseus 34.9 23.8 summenr

L epomis cyahellus ) 31.5 7.3 fall

L. cyanellus x L. gibbosus 32.7 9.0 fall

L. gibbosus 37.9 23.1 summer

L. gibbosus x L. macrochirus 39.1 21.3 summer

L. humilus 30.4 9.0 fall

L. macrochirus 38.3 22.8 summer

L. microlophus 37.4 22.7 summer

Micropterus dolomieui . 38.5 24.6 summer

M. salmoides $382.0 9.0 fall

Minytrema melanops >31.,1 20,0 summer

Morone chrysops ' 36.9 23.8 summenr

Notemigonus crysoleucas 31.4 11.6 fall

Notropis atherinoides 28,6 7.8 spring

N. hudsonius 32.8 21.7 summer

N. spilopterus 30.4- 9.0 fall

Noturus flavus 32.8 14.8 spring

Oncorhynchus kisutch 28.5 15.1 fall

Osmerus mordax 24,9 6.0 spring

Perca flavescens 35.0 22.0 summer

Percina caprodes 34.9 21.1 summer

Percopsis om iscomaycus 22.9 1.7 winter

Pimephales notatus 29.1 9.0 fall

Pomoxis annularis 34.7 22,6 summenr

P. nigromaculatus 34.9 23.8 summer

Salmo gairdneri >A7 .5 8.8 . fall,
Stizostédion V. vitreum >34.4 £3.3 summer

d
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In a brief addition to the testing program, 69 fish survived
from a total of 75 (92%) that were returned to ambient lake tem-—
perature after undergoing heat shocks which exceeded their CTI\/\.
Data of this type are somewhat subjective for they depend upon
the amount of time the fish is held in the warm water. In all
cases, the exposure time was longer than that which would occur
at the Davis~Besse Nuclear Power Station due to the discharge
velocity.

Cold shock data were obtained on 12 previously untested 'spe;
cies during F—-41-R-7. A total 893 fish representing 34 species Bave
now been subjected to cold shocks since 1971 (Table 3). Stress was
only evident in the test specimens during the winter when lake tem-—
peratures Wer*é the lowest. The gréatest stress was shown when
ambient lake temper‘atl:lr‘es was 1.0°C of less. Above 8.OOC, stress
was seldom evident in the tesfc specimens. Of the species tested,

Dorosoma cepedianum'a'nd Morone chrysops were stressed the most

whilécstresssoftenrwasznot.cevidertrin {Cyprinus.carpiojcthehictaluridsgs

and Osmerus mordax. A complete listing of individual. test::

results is contained in Appendix C.

Recommendations

This research should continue with emphasis on testing
species which are likely to be harmed by sudden temperature

changes. Additional tests should be performed with temperatures

—_ D5 -
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TABLE 3

SUMMARY OF COLD SHOCK TESTS ON LAKE ERIE
FISH AT PUT-IN-BAY, OHIO ‘

- 241 —~

Lowest LLowest Highest
Test Ambient | Safe Ambient | Lethal
Species | Temp ©C °c - Temp °C |TeR@ O Temp ©C
Ambloplites rupestris 1.8 : 12.4 1.3 —_— —
Aplodinotus grunniens 0.6 ‘ 11.8 0.6 11.8 0.6
Carassius auratus 1.5 12.5 1.5 24,0 3.0
Carpiodes cyprinus 14.9 26.0 14.9 N J—
Catostomus commersoni 0.5 11.6 0.5 —— ———
Cyprinus carpio 0.8 11.9 0.8 — —_—
Dorosoma cepedianum 0.1 13.0 0.1 1.0 8.0
Ichthvomyzon unicuspis 4.4 15.0 4.4 —_— —_—
Ictalurus natalis 1.5 12.6 1.5 —_— —_—
L. nebulosus 1.0 12.5 1.0 B _
I. punctatus 0.9 12,0 0.9 — e
Labidesthes sicculus 15.2 26.3 15.2 —_— —_—
Lepisosteus osseus 23.1 34.9 23.1 —— ——
Lepomis cyanellus 9.0 20.1 9.0 —_— _
L. gibbosus 0.5 11.6 noi5 31+3 21.7
L. humilis 4,5 14.7 4.5 —_— -
- L. macrochirus 1.3 12.4 11798 —_— —_
Miciropterus dolomieuti 1.0 12.0 1.0 _ —
M, salmoides 0.9 11.8 0.9 —_— —_
Minytrema melanops 20.2 31.1 20.2 — _
Morone chrysops 0.2 11.3 COz2 12.8 0.8
Notemigonus crysoleucas 0.5 11.6 0075 —— ———
Notropis atherinoides 0.5 11.6 C0E5 — _—
N. hudsonius 0.1 11.2 0.1 13,1 2.0
N. Spilopterus 7.3 18.4 7.3 —_ _
Noturus flavus 1.1 12,2 1.1 —— —
Oncorhynchus kisutch 2.1 138.4 2.1 — —
Osmerus mordax 0.2 11.3 Qo022 16+1 1.5
Perca flavescens 1.0 13.0 1.0 e S
Percopsis omiscomaycus 0.5 11.6 0.5 ——— —
Pimephales notatus 0.5 11.6 0.5 — _
Pomoxis annularis 0.7 12,1 0.7 12.0 .
P. nigromaculatus 0.3 11.4 0.3 12.5 .
Stizostedion v. vitreum 1.2 12.83 1152 —_— —
' \ : i
| | |
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changes dreater than 11.1°C in an effort to justify limitations on

the maximum temperature of thermal effluents.

. - 25 -
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STUDY ANALYSIS
LLaboratory testing results indicated that the final preferendum
varied with each season. The Fin&ing of a "seasonal" final prefer—
endum was in agreement with the work of Brett (1946), Sullivan
aﬁd F‘i'sl'.uvehr‘- ('1.958) and Hoar (1956) who found seasonal variations
in lethal and preferred temperatures. Lustick (1965) found that

the lethal temperatures @r Culaea inconstans (brook stickleback)

were higher in summer and lower in winter ‘For‘ all -acclimation
temperatures. Results of this type provide strong evidence to

the importance of past thermal history and anticipatory thermo-
regulation in determining temperature preferences.

Assuming that past theﬁmal history déesypiéy én impﬁorfan‘c”m
part in the temperature selection of fish (fish acclimated to warmer
water prefer warmer water), the seasonal order of preference, from
the highest to the lowest, would be summer, fall, spring, and win—
ter. This was generally the case in these tests, but slight discrep~
ancies did occur between spring and fall possibly due to the wide
range of lake temperatures (5.5°C - 22.0°C) from which the final
preferenda were calculated.

Low thermal responsiveness (swimmingithtovwarm water faster

than they can acclimate to it and surpassing their CTM) was evident

in all species during late fall, winter and early spring, but especi-
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ally in winter. This was probably a laboratory artifact and would
not occur in the wild. At Davis—-Besse it could not occur as the

winter CTM of all fish tested was well above maximum plume

temperatiire,

.Resul'ts .ihdi”c.:atec.i" that .a1‘1 sﬁeci‘e;s téstéé Wduléjﬁibe vévti:r.ac’te.d f:o.‘
thermal discharges during fall, winter, and spring. ,Ag_aifm‘, fiﬁ-~these
seasons (especially winter) it was also observed that without thé
use of barricades all species tested would swim into War-r‘hér‘ water
too rapidly, surpass their; Critical Therhal Maxima (CTM), and
die. However, the CTM of these species durfmg fall, winter,
and spring was generally well above the maxirﬁum tempgrature
of most. thermal plumes in Lake Erie power plants. Reéults
also indicated that during the summer, most of the species tésted
would be repelled by the higher plume temper‘atur‘ies', but could

be attracted or indifferent to the periphery of thermal plumes.

When cohs”'-i“dét;-iznrgmpbl‘iution toler*ahc:e, the ictalurids are high on

the list of tolerant species. They also exhibited r'elatively high

CTM's (Table ‘2‘)'. Therefore, it was surprising to see'the lower

winter preferenda of Ictalurus nebulosus (10.900) and Noturus
flavus (5.500) (Table 1). The final preferendum of Noturus
flavus was 5.2°C (& fish) on 5 March 1973 and 5.8°C (5 fish) on

2 February 1974. Lake temperatures at these times were 3.1°C

~and 2.100, respectively. Similar results for Ictalurus nebulosus

- 27 -
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and 1. punctatus. indicate the pc;ssibn,ity of a ‘winter; period during
which these fish do not readily respond to thérmal gr*adi,entls;
Ferguéon ('1 958)‘Vi-‘.0t‘.|‘|;d tha’cwlabor'ator*y p‘r'e"Fere-r;ce résuité;
especially for warm water species, tended to yield highe.rf values;"
than field iﬁvestigations, possibly because v-laboratoiﬂy spe.c_imeh’s'

were usually young. individuals and field specimens were usually

adults. Barans and Tubb (1973) studying Micropterus dolomieui,

Morone chysops, Notropis atherinoides, and Perca flavescens,

and McCauley and Read (1973) studying Perca flavescens founé
that young fish preferred higher temperatures than adult,s; My |
studies dealt mainly with = adult ﬁsh bécause the apparatu"s‘an-.s‘__ o |
capable of testing them. |

Sudden temperature change testing demonstrated that the
temperature extremes to which the fish were subjectéd wér*e ‘more
important than the 11 .1°C temperature change. Therefore,
summer heat shocké and winter cold shocks held fhe gr‘éa’cest»‘
_ pote}j’cial for harm. Lustick (1965) felt that the failuré of some
coordinating mechanisms in the central xjer‘yous syétem anc“j , secon—
darily, the breakdown of ‘the osmoregulative mechanism were the
‘causes of deafh due to sudden temperature changes. Powei’*s
(1576) felt that the Bohr Effect (reduction in the oxygen carrying

capacity of the blood at high temperatures), é.nd the resulting

suffocation, also played an important role in death.
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cand I. punctatus indicate the possibility of a winter period during

which these fish do not readily respond to thermal gradients.

F—'er-*guéon (71958) found that latgératory pr*éfer‘ence Pesulté,
especially for warm water species, tended to yield higher values
than field investigations, possibly because 1abor~a’cor~y specimeﬁé
were usually young individuals and field specimens were usually

adults. Barans and Tubb (1973) studying Micropterus dolomieui,

Morone chysops, Notropis atherinoides, and Perca flavescens,

and McCauley and Read (1973) studying Perca flavescens found
that young fish preferred higher temperatures than adults.l My
studies dealt mainly with' adult fish because the apparatus was
capable of testing them.

Sudden temperature change testing demonstrated that the
temperature extremes to which the fish were subjected were more
important than the 11 .1°¢C temperature change. Therefore,
summer heat shocks and winter cold shocks held tﬁe greatest

| potehtlal for harm. Lustick (1965) felt that the failure of some
coordinating mechaﬁis-fné“ m the .c;ernt-r"av.l Wné;*vous syst‘em. ancgl » Secon-—
darily, the breakdown of the osmoregulative mechanism were the
‘causes of death due to sudden temperature changes. Powers

(1976) felt that the Bohr Effect (reduction in the oxygen carrying
capacity of the blood at high temperatures), and the resulting |

suffocation, also played an important role in death.
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The danger dl;le to summer hot “shocks should be minimal for

the following reasons: final temperature preferenda results

indicated that fish would avoid the hottest part of the plume, thus ‘

the only fish to encounter this area would be those which were
drawn in or swam in from the shoreside of the- discharge; and,
due to the discharge velocify of 200 cm/sec, fish which were
drawn into the plume and lost swimming ability would be carried
to safer waters, where present results indicated approximately 90%
would recover. The initial velocity for Davis—Besse Unit 1 at
times could be as low as 113 cm/sec which would not carry fish
to safer waters as rapidly asb the 2 00 cm/sec.cur\r*ent. Con—~
sequently, the fish would be subjected to the heat stress for a
longer peribd of time. |

Cold shock ‘hazards occur when fish acclimated to the warm
water of a plume swim out of the ’plume into ambient temperature
water or if the plant shuts down, thus eliminating the plume; If

the temperature change is great enough, or if ambient. lake

temperature is extremely low, fish experience a loss of swimming

ability and, therefore, an inability to return to the plume.
Agersborg (1830) observed this in the field with Dorosoma
cepedianum. Even if a fish survived the shock, the stress could.

be severe enough to make it more susceptible to secondary bfungal

infections (Horning and Pearson, 1973). - These.':secondary eﬁ’e_cts
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would be difficult to monitor since they are not immediately evi-
dent (often delayed up to several weeks),

Cold shock hazards could be greatly reduced by maintaining
a discharge velocity high enough to keep the fish out of the hottest
plume temperatures. This would have to be monitored closely for
the use Bfiddditional idilutionawatdr tocincreasécthe sdisshargeclaldsity
would ‘f,meah,r:*g:i?eate‘zm intake~ vielocities..and:lazgnredter cpassibility of
entrainiment and impingement.

Burst speeds of 10 body lengths (B.L.) per second and cruising
speeds of 3-4 B.L./sec are generally accepted for fish (Bainbridge,
1958; Blaxter, 1969). These burst speeds can be maintained for
only.a period of seconds, but cruising speeds can be maintained
for up to several hours (Bainbridge, 1960; Blaxter, 1969). Assum-—
ing this, a fish must be at least 20 cm long to attain the maximum i
discharge velocity of 200 cm/sec_ and B50-67 cm long to maintain
position in the hottest section of the plume for any length of time.
I\/\oré‘ox—fep,thié }-swiil}'nming ability decreases rapidly when the tempera-
ture is extremely high or low (Fry and Hart, 1947). Therefore,
from swimming speed data alone, it would appear that no larvae
or youngsbfitheryearrifisheandfewaddliltsccolldmmaintain position ivn
the hottesf section of the plume long enough td become acclimated
and susceptible to cold shock dangers. (The actual length of time

necessary for the fish to become acclimated toctheiplyrmié ttefnperas -
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ture and lose acclimation to the colder ambient lake temperature
was difficult to determine, but observations did indicate acclimation
to warm waterj was faster than acclimation to cold water, and loss
of acclimation to warm water was slower than to cold.) Thus it
became evident that a high discharge velocity was désirgble.
Undoubtedly, a small number of fish will locate in the warmer water
by finding places Where the current is reduced, i.e., behind rocks
in the rip-rap aprom which will extend out 61 m in front of the
discharge. This is not expected to be a significant factor.

In summary, large fish accumulations, possibly as great as
120 times that found in the unaffected contiuous vicinity (Robb and
Herdendorf, 1975), are expected in the thermal plume in fall, win-—
ter, and spring. Summer populations will only be slightly larger
than ambient. Romberg et al. (1974) found that although salmonids
wepre attracted to thermal discharges, they did not reside in the
discharge a long time and the dischafge did not interrupt their
normal migration patterns. If this holds true for the warm water
species found at Locust Point, Study I results indicated that there
were only 10 species of any numerical or commércial importance
that would occur in the plume. The times at which these dominant
species could be expected to be present in the largest numbers are

as follows: Alosa pseudoharengus, July —— September; Aplodinotus

grunniens, April —— September; Cyprinus carpio, June —— September

Dorosoma cepedianum, June and July; Ictalurus punctatus, May -—-
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August; Morone chrysops, June and July; Notropis atherinoides,

" abundant throughout the year; N. hudsonius, May; Perca flavescens,

May ——- September; and Stizestedion v. vitreum, May —-— July.
However, due to the high plume temperatures, only the species

with the highest preferenda, Cyprinus carpio, Dorosoma cepedianum,

and Ictalurus punctatus, will congregate in the plume in the summer.

Only the general location of fish within plumes can be predicted,
for not only do the swimming speeds of the fish vary, but several
authors found that fish did not remain at their seasonal final tempera-
ture preferenda. Instead, fish were found to behaviorally rregdlate
their internal temperature at their seasonal final préferenda, but
in so doing they spent brief periods at higher and lower temperatures
(Neill and Magnhuson, 1974; Spigarelli et al., 1974; McCauley and
Huggins, 1976; Reynolds and Casterlin, 1876; Reynolds et al., 1976b).
In addition, Reynolds et &l.,(1976a) observed fish to behaviorally regu-—
pegulaté a fevér rwhHah: !'"sick" which indicated the possibility of a
higher percentage of diseased fish in thermal plumes. Indeed,
Stauffer et al. (1974) found that the coefficient of condition of
plume dwellers was significantly lower than non—-plume residents
which could indicate the presence of diseased fish.

l_abor:atory sudden temperature change results indicated that
significant fish kills are unlikely. The species most likely to be

harmed by thermal effluents were Alosa pseudoharengus, Aplodinotus
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grunniens, Dorosoma cepedianum, and Morone chrysops. These

4 species were all in the "top tem'" at Locust Point. Personal
observations of fish kills at other Lake Erie power plants indicated

that Dorosoma cepedianum and Alosa pseudoharengus were the

species most frequently killed, and these kills were generally

associated with power plant intakes rather than discharges.

Alluﬂsﬁ drawn through tHe ﬁlant ér‘e exbéc;c‘ed to be. I.<i11ec‘| (US |
Nuclear Regulatory Commission, 1975). Traveling screening, (6 mm
mesh) at tﬁe pun*;p intakes will prevent the entraihment of large fish.,
Again, based on observations at other power plants and their abun-.

dance in the area, Dorosoma cepedianum and Alosa pseudoharengus

will be the species most likely to be impinged on these screens.

Larvae of Dorosoma cepedianum, Notropis atherinoides, and Perca

flavescens, due to their abundance in the ichthyoplankton samples from
the vicinity, will be the most 'likely to be entrained with the cooling water

and thereby killed within the plant.
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STUDY RECOMMENDATIONS
Results indicate that winter plant shut—downs should be
avoided. It is recommended that refueling and shut-downs for
other reasons be completed during the period of May-July as
fish are tolerant of cold shocks at this time and, this is the

time that entrainment of ichthyoplankton will be greatest.

- 34 -
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APPENDIX A

RESULTS OF TEMPERATURE PREFERENCE'TEST‘ING

ON LAKE ERIE FISH AT PUT-IN-BAY, O‘HIO
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