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RESEARCH REPORTING SERIES

Research reports of the Office of Research and Development, U.S. Environmental
Pro:ecti_on Agency, have been grouped into five series. These fi\;e broad

environmental technology. Elimination of traditic al grouping was consciously
planned to foster technology transfer and a maximum interface in related fields.

The five series are:
1 Environmental Health Effects Research
2. Environmental Protection Technology
3 Ecological Research
4 Environmental Monitoring
5. Socioeconomic Environmental Studies

This report has been assignedto the ECOLOGICAL RESEARCH series. This series
describes research on the effects of pollution on humans, plant and animal

basis for setting standards to minimize undesirable changes in living organisms
in the aquatic, lerrestrial, and atmospheric environments. .

This document is available to the public through the Nationa! Technical Informa-
tion Service, Springfield, Virginia 22161,
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ABSTRACT

The effect of
determined ove

erature on growth of young-of-the-year yellow perch was

n 8-week period at constant temperatures from 8° to 34° C.
Absolute grow
(P>0.05) over

but at no lowe

ates peaked at 28° C, but were not significantly less
range from 26° to 30° C., leformities occurred at 32° C
- temperatures, and all fish d'ed within 7 days at 34° C,

A suggested seaspual temperature cycle for yellow perch habitats is

4

presented, based on the data from this experiment for the summer period ~¢

ata from previous studies for other 1i¢e stages.
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SECTION I

CONCLUS IONS

Young-of-the-year yellow perch fed unrestricted rations and held at

constant temperatures grew best at 26-30° C. The maximum growth rate
PE SRS RS wmmOceurred-at-28*CI " “CroUth Tates at 20~24° C were significantly (P<0.05)
slower than those at 26-30° C, Little or no growth occurred at 8° c, At

32° C deformed individuals developed, and at 34° C a]] fish died within 7
days,




Temperatures should he

from 26°

SECTION 1

RECOMMIINATIONS

¥

tey 30° 0008 rapid crowveh st

Year vellow perch fed unlimited rations. When food is limiti

temperatures of this range will be more rfvﬁirahlo, because of

food conversion Al hiygher

pertods shbhuld not exceed 32°

(85

temperat uren,  Maximum Lemperature
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SECTIOM IT1

INTRODUCT TON

This study was conducted ro determine effects of temperature on growth of
voung-of-the-year. (y~o~y) veklow perch, a life stage whose thermal
requirements had not previously been delineated. Previous studies have
provided data enabling evaluations of temperatures suitable for the vell-
being of vellow hvrrh At most other life hintory stapoes (lokanson and
Kleiner, 1974: Jones et al., MS). Since growth tends to be a summation of
an animal's response to its environment, it is considered a good measurce of
temperatures suitable for the species duriné the life stage tested. Tre
information presented in this report fills a biank in our knowledge or "=
life cycle thermal requirements of the species. With the acquisition of
these new dara pPrediction of seasonal thermal limits for the welfare of the
species is now possible, and a suprested seasonal cycle will be presented

¢
¥

in the discussion section.

The vellow perch is of value as a4 sport and commercial fish of ‘high table
qudlity. It is also an important forage fish. 1Its value as a forage
species has been described by Forney (1971, 1974), in studices of Oneida
Lake, New York; Parsons (1971), in work on Lake Erie, and Swenson and Smit?,
(1973), in work on Lake of the Woods, Minnesota. Maloney and Johnson (1955)
even suggest a dependence of the year-class strength of walleve on the
associated yellow perch vear-class. This dependence results fron similar
habitat requirements and'relacive size relationships between the two
species, making y-o-y yeilow perch available as forage, both in space and

size, to y-o-y walleves.
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SECTION IV

METHODS AND MATERIALS

The test system provided a continuous flow of water at approximately 350
ml/min to duplicate test chambers at a constant temperature (McCormick and
Syrett, MS 1970). The glass test chambers were 20 by 15 cm by 60 c¢m long.

The temperatures were monitored with A censtant recording Honeywell

R AEATLS
muitipoint telethermometer and were measured once daily in each chamber to
the nearest 0.1° C with a standardized mercury thermometor. (Standardization

was within‘i 0,1° C of an ASTM certified calibration thermomotor,) The

mean temperatures reported are the pooled daily means of hourly means from
both duplicates derived from the temperature recorder charts. Temperatures
were maintained within_i 0.3° C (95% confidence limits) of the reported

means. Temperature-control failures for brief periods resulted in
temperatures bevond thase limits, extremes (Table 1) usually only persisting
for a few minutes. The failures were considered to have had no effect on

the results, because of the long-term exposures to the reported mean

s j temperatures, the narrow limits of the 95% C.1., and the absence of observable

s enduring effect after such temperature fluctuations.

k| Yellow perch y-o-y, average weight about 0.4 g, were collected fro. Park

: i Lake, Carlton County, Minnesota, en July 25, 1973, The water temperature

. | at the time of collention was 24° .’ Before adjustment to test temperatures
the fish were held 5 days at 21.0° C.

Untreated Lake Superior water was used throughout the experiment ‘total

hardness 44-45 mg/l.; total alkalinity, of 41-43 mg/l.; pH 7.4-7.8),




Tabic 1, GROWTH aNn DEATH RATES oF YOUNG~OF-THE=-YEAR YELLoW PERCH HELD 8
WEEKS AT DIFFERENT OONSTANT TEPEKATURES., THE REPORTED INSTANTANEOUS

RATES ARE THE MFass OF TWO REPLICATES OVER POLR SURSAMPLING PERIODS

Crowth (wet weight

Mean Growth Initia) Terminal Death
temsperature (°C) rate mean aize mean size rate
(range : (2/day) (r) (g) (X/dsy)
a 0,31 0,44 0.53 n.02
(7.0 - 9.5)
12 n,6s 0,46 0.68 0.58
(10.3 - 13.1) '
e S 16 1.34 0.51 1.05 0.26
(15,5 - 16.8)
18 1.37 0.5%4 1.16 0.20
(16.9 - 18.6)
10 .1 n.%2 1.80 0.40
(12.9 - 21.0)
22 2,67 0.4 2.42 0.25
(19.9 - 31.1) :
2a .1 n.54 2.94 0.40
(2.0 - 0.0
26 1.50 n.ss 414 n.22
(26,8 - 32.1) 1
28 .t 0.74 49 0.04
¢ (1.9 - 28.3)
» .47 0.53 374 0.02
(28,3 - m.n)
2 2.88 0.56 2.76 8.06
i (29.7 - 32.4) :
4 g - 0.51 - - s5.62
& (32.8 - 34.3) :
[ |
¥ Tukey's
: honsetly
¥ *tmificems . | - -
L difforence, .61
¥, P=0,03
(¥/day)

'Mnu for this temperature exposurs were for & days in replicate A and §
daye ia replicate B, All fish died before sampling,

b.ldhul.d instaatanecus Rrovth rate for the replacemant revlicatag
described in materials and methods (3,13 I/day wes the race for the
original replicates),
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Nasolved OXypen concentrations were 6.0 ppm or 8reater, other chemical
characteristics were as described by Biesinger and Christensen (1972),
Lighting was by Duro-Test Vita-Lite fluorescent lamps with a photoperiod

normal for July-September at the Duluth, Minnesota, latitude.

On July 27 and 28 fish were transferred to their respective test chambers

in a stratified random manner, with one fish in each chamber before a second
was added, until 72 fish were Placed in each chamber., The order .to
temperatuyre treatments was randomly assigned to remove position effecrts,

although duplicates were adjacent.

At the time of distribution of the fish to the test chambers, all chambers
were at ahout 20° ¢, Over the next 8 days all were sradually adjusted to
test temperatures (Table 1). For those chambers that wWere to be at the
freatest extremes from the initial acclimation temperature, adjustments were
initially 2° or 5° C per day, but the last § days before test temperatures
were reached adjustments were never greater than fb C per day. This rate of

adjustment insured acclimation to test temperatures (Brete, 1944),

During the thermal adjustment reriod all test fish were treated with formalin
for removal of external parasites (Meyer, 1969) and with terramycin for

control of bacterial disease. The parasite Iehthyophihirius Sp. was not

Successfully eliminated, however, and repeated treatments were necessary
throughout the study to control. this organism, A malachite green=formalin
mixture (Leteux and Hoyer, 1972) ar 130 PPm concentration, applied with
flow—through techniques kept mortalities at ; tolerable level throughout

the experiment (Figure 1). Bacterial disease was only a problem at 28° C
where the.initial duplicates were both affected shortly before the end of

the Second 2-week growth Period. Because this disease outbreak affected

the féeding for a time and Subsequent growth of Survivors, two new replicates
were started at 28° C, These fish were drawn from the original stock that

had been kept: at 20°%.¢ and fed the same diet during the intervening period.
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Introduction to the test dapparatus was at 25° C followed by tempering to
2R° € ar the rate of 1° C/day, The Fih were then caeried through 8
weeks of prowth, 4 weeks later than the rest of the experimental units,
The slightly greater inicial size of fish in the replacement duplicates
required adjustment of the resulting growth data to the starting size of

the original 28° C rest fish (Table 1),

Initially the fish were fed ad libitum with live newly hatched brine shrimp,

Artemia salina. New ration was added early in the morning, late in the

afternvon, and during the day when food density appeared low. On weekends

the fish were fed only 2 or 3 times daily. Night feeding was not considered
necessary as this species is principally a daytime feeder (Noble, 1973b).

The initial diet of live brine shrimp, later supplemented several times

daily with thawed frozen adult brine shrimp, wax vvvnluﬂlly supplemented

with two additional components. The new diet regime consisted of the
continuation of feeding 1:ve newly hatched brine shrimp, but added a one-
to-one mixture of finely ground beef liver and thawed frozen adult brine shrimp
with veast. The new diet was fed with an eye-dropper. The fish were

fed to repletion wi-h this mixture at the beginning and end of the usual 8

hr work dav and several times in between.

Rearing chambers were cleaned daily, and dead fish were counted and removed.
Subsamples of 10 fish for weight measurements were removed from each test
chamber at 2-week intervals. Exceptions to this Procedure were the initial
sampling consisting of 20 fish per duplicate to insure a better initiag] size
base from which subsequent growth wae calculated, and the b=week sample at
24° duplicate B consisting of five fish, and the 4~week sample at 18°
duplicate B consisting of nine fish, to allow full sample sizes of 10 fish/
unit at later sampling dates. The two samples of less than 10 fish each
‘Wwere necessitated by mortalities beyond expectation. The fish were not fed
on the morning of the sampling to insure that little, if any, weight of the

sample would be due to ingested but unassimilated food (Noble, 1973a).,



Fish were preserved before weighing in formalin“picric—trichlnrn—acetic
solution (Davenpore, 1960), They were hlotted on paper toweling and
welighed, and the mean weighe per fish was reported to the nearest hundredth
of a gram, Subsampling at 2-week intervals provided specimens for weipght
changes at Progressive time intervals, as well as populatinn~densicy

adjustments as the indivijuals increased in size.

Instantaneous rate of growth (wet weight) and mortality were calculated for .
each sampling interval On a percentage per day basis (Ricker, 1958). The
weighted mean rates for the four sampling periods were used as treatment
effects in the analysis (Table 1), One-way analysis of variance and Tukev's
honestly significant difference (Steel ana Torrie, 1960) were used to detect
the effect of temperature on the rate of growth great enough to be considered
significant at the 95% level, Hnrrality data during the firgr 7 davs at

12° and 34° ¢ were used to locate the temperature range Incorporating the

7-day TL50 value. ’

N —
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SECTLION v

RESULTS

Instantaneous proweh rates of v-o-v vellow perch reared on nnrestricted

r:ttinns___:ln.' comstant temperatures were highest, and Sl.‘lti*-‘[if_‘.‘ill}' cqual,
over the temperature range 26° fn e ¢ (P>0.P3).  The maxinum rate of
3.77 %Z/day occurred at 28° ¢ (Table l, Ficure 1.), and at 26° and 30° ¢
rates were 3,50 7/day and V47 “idav, PerpectIvely, lemporatures From 20*
to 4% ¢ Produced prowel rates of Q2,24 and 2,77 41

o

dav, which were
i

¥

cstatistically less (P-0.05) than at 26° ¢,

The growth rate of 2.85 L/day at 32° Was not & great reduction from the

maximum rate, but of more sipnificance, was the Production at this temperature

of a population of fish with freater than 85% of the individuals with marked

curvatures of the spine. These deformities were not found at lower

temperatures, At 34° ¢ all fish died .befare the end of the firse 7 days of

exposure,

The overall moriality was complicated by the deaths that were not temperature

dependent, Some deaths WEFETIE Teast "In parf due to the chronije Infestatfon

ol Ivhlhyuphlhfriuﬁ Site Mortality was 0,02 Zlday at 8° s

rose to an unsteady
plateau of, n,22-0.58 “/lday over the temperature range from 12° to 26° C, and

then declined again at 28-32° ¢ to 0.02-0.06 Z/ldav,

During the first 7 Jav of exposure to 329 ¢ and 34° C, no deaths occurred
among the 32% € oxpos: fish, bur 411 fish died at 34° C. The 7-day TLS50

is thus considered to lie between these two temperatures, Yithout mid-range

10



data poincs 1 {8 not possible to estimate whether the TL50 1_¢s on the
higher or lover extreme of this range,

11




SECTION VI

DISCUSSTON

Weekend feeding was not as frequent as during the rest of the week —-- only
two to three times daily. This shortcoming was believed to have been
insignificant as it was at least partially compensated for by an increased
food consumption atr the first of the following week (McCay et al., 1929
Moore, 1941), There Is, however, wome question that dompensation is

complete (Shelbourn st aly, 1923).

We believe that the loss of the original replicates at 28° C was well
corrected by the incorporation of the two replacement replicates at that
temperature. Since growth rates tend to be more rapid among smaller fish
(Pessah and Powles, 1974), the rate determined in the replacement replicates
would probably have been higher had the fish been started at the same size
as the originals. 1In either case 28° C would have produced the maximum

rate of growth among the temperatures tested, a temperature close to the

27° € to which yellow perch thermoregulated in a thermal discharge in Lake
Monona, Wisconsin, where food was more abundant .than in unheated areas -

(Neill, 1971),

The absence of exposure temperatures between 32° and 34° C prevented the
establishment of a precise 7-day TL50 temperature, but our data support the

value of 32.3° found by Hart (1952),

Growth rate alone may not be an adequate evaluation of the responses of fish
to exposures to various temperatures over extended time. The growth rate

at 32° C was only slightly outside the statistically homogeneous set of

12



rapid growth rates from 26° to 30° C, but, because of the great incidence of
curvatures of the spine ameng these fish, 32° € can be considered with
confidence as unsuitable for the well-being of vellow perch for protonped
unavoidable exposure., In addition, the effects of temperature on

Production must be considered. Since production is a function of both arowth
rate and mean biomass (Warren, 1971) nzarly equal rates or proveh, sach as
occurred in this experiment at 207, 24°, and 32° C, may not promote 2qua
Production if biomass is altered by temperature. Biomass can be expected

to be reduced at higher temperatures as it is kncwn that the efficiency of
conversioﬁ of available food is reduced as temperature increases (Gray,
1929; McCormick, 1960). It is also known that zs food becomes more limiting

maximum prowth tukes place ar Progreasively lower temperatures (Brett et al.,

et
1909), Consequently, any value for production based on data from this
experiment, where food was not limiting, must be considered maximum for
any temperature considered. Thus, the most favorable-temperatures for this
species during the juvenile growth period cannot be expected to be higher
than those reported here and can be expected to be lower when food is

limited or some other stress is brought to bear.

Previous studies of the yellow perch have provided information on temperatures
required for most other life stages. Overwinter temperatures of 4-6° ( permit
Maturation and successful Spring spawning, but 8° ¢ results in reduced success
and 10° ¢ Practically none (Jones et al., MS). They also reported that when _
perch have been provided with an“appropriate overwinter kéﬁpurnturu regimen
apawning witl Breatest success occurs at 11.37 C with only slight reductions
between 7.5° and 12.7° C. Hokanson and Kleiner (1974} reported that embryos
exposed to constant temperatures before their first cleavage had their
greatest success in hatching at 16° C, with an optimum range for hatching

from 10.1° through 18.2° c. embryos exposed after neural keel formation

had broader thermal tolerance limits; maximum hatching took place at 19,9° G
and the optimum range extended from 13,1° through 22.1° C. They found even

greater hatching success when temperatures werez allowed to risge during the

13



incubat{on period at rates of 0,5° Clday or 1,0° C/day from start tng
temperatures of 5-10% to as high as 24,3° ¢ at hateching,  For swir=up
larvae they report 13.1-18,2° C as optimum,

.
Adules cocxistlin time witch juveniles, but are vxpcrtvé Lo require temperitures g
few degrees lower, which may explain their usual presence a ltitle farther
of fshore 1in deeper, cooler warter. Preferred temperatures for juveniles
are reported to be between 20° and 24° C (McCoulev and Read, 19773: Ferguson,
1958); adults studied by these authors preferred temperatures a fow
degrees lower, between 18° and 2]° C =Ty dcennmodarc the recuirements of

two coexisting life stages, v-o=-v and adults, the inshore zone would bHe

managed for v-o-v and the offshore zone of cooler water for older age froups,

The a1l pertod is one of transition to overwintering temperatures,
apparently unlf requiring a rate of temperature reduction not to exceed
the lethal limits at successively lower acclimation and to initiate
gonadal maturaction preparatorv ro spring spawning (Turner, 1919; LeCren,
1951). Brecs (1944) SUBBESLS a rate of decline not to exceed 1° C/day as

one with which thermal acclimation of fish can keep pace.

With the addition of the data presented in this rubprr a complete, suitable
temperature regime can now be supgested for the yellow perch at each season
as it proceeds from one life stage to the next. Figure 2 is such a suggested
Seasonal temperature regime. Exact dates are omitted as the time of the
various life stages may vary a week or more uith-lalltudlnnl dtstribution
(consult local authorities for dates). The temperature limits for the
well-being of this species as it seasonally progresses from one lite stage
to the next are also shown in Figure 2. A close correlation is apbarent
between the seasonally related life stages and the natural temperatures
expected for those seasons where yellow perch are found which is probably
evolutionarily derived. This relationship,'emphasizes the need to rertain
such seasonal temperature cycles in the habitat of the vellow perch if it

and its associated dependent species are to prosper.

14
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