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Temperature preference tests were conducted on freshwater white perch (Morone
americana) collected from Albemarle Sound, N.C. Wicomico River, Md.: and Mullica
River. M.J. Collection temperatures for cach population were 25°C (+2°C) and acclima
tion temperatures wied in temperature preference tests were 6, 12, 18, 24, ), and 33°C.
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preference of the white perch populations ested. The caleulated final emperame
profercnce using linear regression for Morth Carolina, Maryland, and Mew Jersey popula-
tions was 32,4, 283, and 25.6°C, respectively, Calculated final temperature preferenda
using the guoadratio equation for Morth Carcling, Maryland, and Mew Jercey populatlons
were S10h, 294, and 2200, respectively. Wisual estimation yvielded final temperoture
preference values of 32,3, 3006, and 29.6°C [ur North Caroling, Macyland, aml New
Jersay populalions, respectively,
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Mons avons fair des essais de préfirence de températnrae cher des pattes dann donee
(M orone americang) capturces dans PAlbemarle Sound, N.C. la vivigre Wiconnoo, WM.,
et la riviere Mullica, M.J. Les températures au moment de la cucillette étaient de 25°C
(424} ponre charnne des popolations, et les températires dacelimatation utilisées dans
les essais [urent de 6, 12, 18, 24, 30 et 33°C. Lanalyse de covariance révéle une différence
signifientive dans les tempéromires préféeées des populntons de gattes testées. Tos templ
rotures priférdes finnles, colenldes par répression lindalre pour les populntions de Io
Caroline du Mord, du Marvland et du Mew Jersey sont de 32.4, 28.9 et 29.6°C respecti-
vement. Les températures préférées finales caleulées & Taide de PMéguation quadratique
pour les populations de la Caroline du Mord, du Maryland et du New Jersey sont de 31.6,
29.% et 29.2°C respectivement. Une estimation visuelle donne des valeurs de 32,3, 30.6
et 29.6°C pour les températures préférées finales des populations de la Caroline du Mord,
du Maryland et du Mew Jersey respectivement.
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Dug to the species specific nature of temperature re-
sponses, the possible differences in temperature re-
sponses of subspecies of fish were studied by Hart
(1952} and McCauley (1958). Their conclusions
indicated differences in lethal temperatures among some
subspecies, but not between races, Other data on
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physiological comparison of races of marine and land-
locked populations of Atlantic salmon (Black and
Black 1946) demonstrated no physiological differences
in the blood, Heuts (1945) found that populations of
Gasterosteus  aculentns  from  different localities in
Europe showed gradations in the temperature—salinity
range within which osmotic equilibrium was main-
tained, but these gradations were associated with well-
defined morphological differences in lateral plates. Tem-
perature preference data on fish are abundant (Coutant
1977, Raney et al. 1973); however, comparative data
on races using identical laboratory temperature-prefer-
ence procedures are lacking (Gift 1977).
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The ohjective of this research was to compare the
temperature preference responses of white perch
(Maorone americana) from different geographic loca-
tions along the east coast of the United States from
North Carolina to New Jersey. This species was se-
lected for the following reasons: (1) wide distribulion
along the east coast of the United States (CGoode
1903); (2) simple identification can be perlormed
without handling the specics, thus preventing inereased
steess, (A} previous temperature data on this species
demonstrate relinble results using analysis of variance
(Meldvin and Gilt 19713 (4) it is & hady species
that tolerates conditions invoelved in transporlation; {5)
it has a previous history as a problem species in Lhe
vicinity  of  estuary-based  steam eleetric  stations

( Meldrim and Gift 19713,

Materials and Methods

FicLo 'MROCEDURESD

White perch were cellected in freshwater (less than 1%,
anlindry} from Moy through Avgost 1977 in the [ollowing
localities:  Alhemarle Sound, NWorth Caroling {36°05"M,
TH5W b Wicomice River. Marvland [38725°M, 7665 W )3
and Mullica River, Wew Jersey (3955 "N, T4'41W ), Speci-
mens were colleeted from Morth Caralina in May, Mary
land in July, and Mew Jasey in August ta minimize the
effects of field temperature (Meldrim and Gift 1971}, Col-
leclion temperatures ranged from 24.5 to 26.5°C and fish
were held inftinlly in 76-L plastic trosh cons ol their re.
speetive eapture temperatures. Specimens collecled ranged
in slamdard length from 53 to 75 mm (% = 58 mm}), All
fish were collected by scine (183 % lSmor 76 x 1.8m
with fd-cm mesh) or wing trawl (9.1 m), Wing trawl col-
lections were made with a worn trawl 10 minimize damage
Loy b hpl:‘l—'illlu.'ns, Perch were tramsported i Fhel. plnsn’c
trash cans cquipped with mine mizers for aevation, Tve bags
were placed m (he wales when necessary to lesscn temperi-
ture fluctnations. Transpartation perlods runeged from 3 w
13 h nnd water emperatures were cheched every 2 h dur-
ing the trips.

LapoRATORY PROCEDURES

Specimens were transferred by dip net from the trash cans
to 38- or 76-L aguaria and held initially at their respective
capture temperatures for 3 d. If fish developed fungal in-
fections, as is common with laboratory studies (Hart 1952),
they were treated with sulfa drugs and discarded if im-
provement was not shown in 2 d. Water temperatures in the
aguaria were controlled with Supreme aguarium heaters
and Koch refrigerator thermostats and were monitored
daily. White perch were acclimated to the following tem-
peratures at the rate change of 1°C per day: 6, 12, 18, 24,
30, and 33°*C. A 5-d holding period at each acclimation
temperature preceded the temperature preference tests with
maximum deviations of (=+=1°C) from this acclimation
temperature. White perch were fed approximately 05 g of
Tetramin Tropical Fish Food per fish each day, but were
not fed on testing days to ensure consistency of stomach con-
tents. Constant aeration in the holding aguaria maintained
oxygen levels between 90 and 100% saturation, MNatural
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photoperiod was maintained using Vitalities with light in-
tensities al the surface of the aguaria ranging from 162.0
to 268.0 Im/m* (2769.5 Im/m® represenis a sunmy summer
day). All tests were conducted between 0600 and 2200 h.

The lincar horizontal trough used in the preference trinls
was patterned after Meldrim and Gift (19713 and made of
aluminum (3.6 = 0.203 » 0,254 m) coaled with a non-
toxic epoxy paint. Deneath the trough twelve heat lamps
conlredled by dommer swilches could be operated ol -
creasing levels of intensity, Twenty-two thermistors were
distributed horzontally along the troush ot equal distonces
(1M mm) to record the temperafure gradiient. Cold water,
:]lllL_l,El_lL‘l;‘i,I. al e rm,l wul tllr |||r[r|r|||_:' |||'|||E.f| Toonm &
Mealnh circulating water hath was warmed as It fowed over
thie seies of heat lamps to establish the horizantal gradient.
The gradient was mamtamed at approomately K900 nhove
and bolow the acchmabon temperature of the test specimen.
Un;uu B'C wots sudTiciend fon 11||.'ui|.FinH A gyl rr||||||.-| alure
runge and this was rellecied when lish selected a lowen beas
perature when acclimated to the highest temperature (Toble
1), Water depth in the trough was maintained at approxi-
mately 4 cm. Overhead lights supphicd constont dllumima
tion of opprojimately 23V Im/m® during the test,

A test specimen was introduced into the trough at s
noelimation temperature, A 60 min habituation pericd al-
lowed for positon effects that could interfere with the
actnal temperature preferred. This 60 min was determined
o be an appropriate period o prevent fish rom moving
sparadically. After the hahimation periad, the position of
each test specimen was recorded every minute for 20 min
using overhead mirrors, Temperatures preferred by each
fish were based on their proXimity to one or more of the
22 thermistors. The mean of the 20 observalions was deemed
the preferred temperature for that particular test (Stauffer
el ul. 1975). Six fish from the Marvland population and
cight from e¢ach North Carolina and New Jerscy were
tested individually at cach ncclimation temperature. Unly
giv fish from the Marvland population were tested ot each
acelinalion lemperature due 1o .L'U'-liléil.'li“f}' of ﬂprfim#‘l'l'i.
All populations were subjected to the same acclimation
progedures as mentioned previously in this section. Stand-
ard length and weight were reeorded for each fish.

StraTistical PROCEDURES

Linear regression (Stauffer et al. 1976), quadratic equa-
tion (Cherry et al. 1977), and visual estimation (see Panel
Discussion in Richards et al. 1977) were used in an attempt
to determine the effect of acclimation temperature on pre-
ferred temperature. Stepwise regression analysis selected the
maost valid test for comparing the temperature responses of
the various populations. Additionally, data were fitted using
log transformations and third and fourth degree poly-
nomials, The point at which each of the above curves inter-
sected a theorctical line passing through the origin with a
slope of 1 was deemed the final temperature preferendum
(Fry 1947). Analysis of covariance (F < .05) in conjunc-
tion with Duncan’s multiple range test was vsed to deter-
mine the influence of geographic location on temperature
selected.

Results and Discussion

Fish preferred temperatures higher than their ac-
climation temperature for all the acclimation tempera-
tures between 6 and 24°C (Table 1). Acclimation
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Tapce 1. Temperatre ("C) preference data for three populations of Moerone americana.

Marth Carolina
acclimation temp (7C)

Ohs, ¢ 12 18 1 W 33 b 12
1 0.0 20,9 24,8 32,1 28.0 31.2 17.0 15,8
4 13.6 21,2 25,2 29.0 30.6 31,7 16.5 14.0
i IT.00 181 356 IR 3 3.3 131.3 17T.7 25 %
4 MAMEMNAANLNENT 160 9.0
5 15.5 19.5 24.2 27.5 2.5 33.0 11.2 25.1
& 200 28,48 24,9 V¥ 00 sy 11,6 I1.0
7 6.7 218 24 6 308 283 — —_— -
E 17.8 20,4 24.0 31.8 1.1 — —_— -

T 6.8 207 24.7 300 29.6 2.6 15.2 21 .4
Final prefersndum LA

Linwar regression 12.4
Quadratic il.6
Visual estimation 32.3

Marylund Mew Jersey

acclimation temp (°C) acclimation wmp (°C)

15 2 3 X 6 12 1§ 24 30 33
20.2 2.9 30.1 31.7 17.2 17.5 21.3 29.2 30.8 4.5
18.5 25.3 34 .8 31.3 16.% 18.6 26.0 20.2 20.0 30,2
199 77.% 0.1 0 1 1TO159 74296 WK MR
.72 2.7 3.5 0.2 19.0 17.4 25.1 26.1 0.5 0.3
26272302030 21.0 1.6 21,1 32,5 26.5 31.6
1.7 25.2 19.4 20.7 12,0 23 8 29,2 32.35 38.4 302

e 159 17.7 287 9.0 — 04
—_ = = = 17.0 23,0 17,5 4.7 — 30.1
2200 26,3 310 300 1B, W0 24,0 203 B4 S0

M M.
Ry Mok
M3 )2
3.6 M) 6

TanLE 1,
each population,

Analysis of covariance Tor independent variable location with adjusted means fur

source of sum of

variation SgUAres df
Covariates acelimation TI9T4 ., 195 1
Main effects location GG, 040 2
Frror term MR12.134 2556
Total 102776, 369 2559

Significance

Mean
5. ¥ of F
T4 .19 T0.845% i
495,020 42,441 00
11.664
40, 163

Adjusted Mean for N.C. = 25.42°C (019 observations)

Adjusted Mean for Md, = 23,92°C (721 observations)
Aclpested Mean for Mo = 25150 (920 ohservations)

temnperatures of 30"C resulted o selected temperatores
hetween 29 and 3170 while acclimation temperatures
of 33°C resulted in preferred temperatures lower than
the weclimution temperature, A temperaiure of 33°C
waas selecled as (e highest acclimation lemperature due
to mortality of several individuals at higher fempera-
tures. Bach white perch papnlation had o significantly
different  temperature  response  as  determined by
analysis of covariance in conjunction with Duncan’s
multiple range test (Table 2).

The final temperature preferendum is defined as the
point where preferred temperature equals acclimation
temperature and which an animal will finally select
regardless of its previous thermal history (Fry 1947).
Theoretically, the final temperature preferendum is the
temperature that an organism will prefer given suffi-
cient time and expanded temperature gradient. Richards
et al. (1977) discussed the validity of various methods
used to calculate the final preferendum from acute pre-
ferred temperature vs. acclimation temperature curves.
The results of the three methods for plotting these data
are presented below,

The linear least-squares regression equation P =
0.5664 + 14.04, where P is the preferred temperature

and A the acclimation temperature, explamed B5% ot
the variabillty for the Morth Carclina population, Using
lingar regression for the Maryvlund population, the
equation P — 0.5724 4 12.30 explained 85% of the
variabibity, and H3'% of the New lersey varialnhity was
explained hy the equation P = 0.5444 | 13.53. The
ealeulated final temperature preference using the linear
regression technique for Morth Carelina, Maryland, and
Mew lersey populations was 324, 289, and 29.6°C,
respectively.

Results obtained with linear regression were com-
pared with other statistical transformartions in an at-
tempt to obtain a better fit for the data. The quadratic
equation P = 09254 — 0.00942 4+ 11.35  explained
85% of the wvariability from North Carolina perch
populations. This method was used for the Maryland
population and the equation P = 0.574 + 0.00024%
4+ 12.42 e¢xplained 85% of this variability, and P =
0974 — 001142 + 10.31 explained 849 of the vari-
ability for the New Jersey population. Stepwise regres-
sion indicated that the quadratic equation did not sig-
nificantly (P = .05) explain more of the data,
Calculated temperature preferenda using the gquadratic
equation for MNorth Carolina, Maryland, and New
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Jersey populations were 31.6, 29.3, and 292°C, re-
spectively., Other transformations and higher order
polynomials did not significantly explain more of the
data.

In a recent symposium, Coutant (Panel Discussion
in Richards et al. 1977) stated that he preferred to
visually interpret the final preferendum from the data
points, Using this method, final temperature preferenda
Fon MNowth Carolina, Maryland, and New Jersey popula-
tinns were 125, (LA, and M6, respectively,

Although lincor regression waos aclected by stepwise
regression analysis as the test o use in comparing the
temperature response of the various populations, often
the relationshlp bevween acelimation va, preferred tem-
perature is oot Linear (see Panel Discossion in Richards
et al. 1977 ). 0f each respoctive population were com-
parcd using a visual technique as recommended by
Coutant, results similar 1o the linear regression method
would be reported with higheet temperature preference
o Nunth Caroling., amd Tower values oo ded Ton
both Maoryland and Weow Jersoy. The guadraric egua
tion would demonstrate a similar trend.

Data presented by Meldrim and Gift (1971) sug-
gost o final preferendum of 32°C for white perch from
the Dielaware River, However, their data were collected
on perch from low salinity water (4-97%.) which may
not he valid for comparison with freshwater popula-
tions such as these, Perrinent conclusions from their
study indcated that feld temperature (lemperalure (o
which fish were acclimated) and salinity significantly
affected temperature preference. Final preferenda of
23,0, 228, and 21,5°C were recorded for Mew Jersey
white perch populations acelimaled to 500, .0, and
10.0°C, respectively, however, this data was taken from
adult while perch i eacly spoy o high salinity walen
(Terpin et al 1977}, McErlean and Brinkley (1971)
concluded that sepson significantly [P < 0.01) affected
the thermal tolerance in this specics.

Conelusions fram this rescarch indiente signifiennrly
different temperature preference responses for white
perch eollected in varlous geographie areas. Since most
physiological properties are dependenl on temperature,
it 15 ot pnusual to find physiolagical ditferences i fish
of different thermal environments. Differencea in lcthal
lemperalure [or lish species cormelaled wilth their range
was observed by other investigators (Battle 1926 and
Storey 1937). Observed physiological differences of
these species were correlated with the thermal environ-
ment., These physiological differences may be respon-
sible for the different lethal responses for each geo-
graphic population. Hart (1952) and McCauley (1958)
conducted lethal temperature studies comparing re-
sponses of fish from various geographic areas and found
differences in lethal temperatures among some sub-
species but not within  physiological races. Kinne
(1963) concluded that within the same species, the
biological effects of a certain temperature regime may
be population specific, dependent on the temperature
history of the individual. This coneclusion would be
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relevant to this study due to the various thermal regimes
experienced by each geographic population of white
perch,

PossipLE FACTORS RESPONSIBLE FOR GEOGRAFHIC
WARIATION

Geographic variation in temperature responses of
white perch are a result of the environmental differences
found in coch ceosystem. Although the collection tem
peratures, season, fish size, and methodology for test
ing were comparable Tor each population, he yeady
water temperature cxtremes were different. It i3 well
ectablished that aversge water temperature inereases
from north to sonth and this trend was reflected by
highest temperature response for the moat southern
population. However, the Maryland population that is
aouth of Mew JTersey demonstrated a slightly lower re-
spone curve thun jie northern counterpart {(baged on
lincar regresaion analyaiah. Tach local covievnment sule-
lewls wontinuous selevtion pressure on loculized demes
of every species and this allows for adaptation (Mayr
1975). Local populations may differ in numerous
genetically controlled adaptive features such us be-
havioral and physiological responses. Mave {1975)
states that freshwater animals appear to be more sensi-
tive to changes in temperature than land animals. This
causes  much  peographic  varlatlon in  temperamire
tolerance, growih rale, and other physiclogical con
stants that provide for their existence in a particular
thermal regime.

Monthermal seasonal influences associated with cach
geographic location could represent another possible
means for influencing temperature preference of these
perch populations, Alihough (this particular area of
study has received minimal attention with fish, the
cxistence of such cffects are possible (Zahn 19762).

Rinchemical adaptation ta enviranmental parameters
sich as temperatiiee represents a possible mode for
geographic variation in thermal responscs of white
perch. Somero and Hochochka (19710 reported that
habital lemperature influenved guantities and (ypes of
molecules  present  an the  chenistry of  an or-
ganism. These investigators also concluded that adult
poikilotherms may demonstrale a considerable degree
of “biochemical restructuring” on a scasonal basis in
response to environmental temperature. Variance in
thermal environments for each geographic population
of white perch could affect biochemical restructuring
and produce different thermal responses.

The phenotype of every local population is precisely
adjusted to the exact requirements of its environment,
and optimal phenotypes result from the adjustment of
gene selection (Mayr 1975). The concept of phenotypic
plasticity (Hart 1952) may indirectly represent a means
for variation among populations. Theoretically, tem-
perate fishes exposed to wide temperature extremes
during the year would be less affected by natural selec-
tion if the individuals of the population can adjust
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physiologically within these limits. Eurythermal species
such as white perch would probably be less affected by
selection than stenothermal species cccurring within the
same temperature range. Gause (1947) demonstrated
that genotypic specialization varied inversely with
phenotypic plasticity. Since all white perch populations
were similar in appearance, genotypic specialization in
each population is another possible mode for variations
in temperature preference,
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