THERMOREGULATORY BEHAVIOR AND
DIEL ACTIVITY PATTERNS OF BLUEGILL,

LEPOMIS MACROCHIRUS, FOLLOWING THERMAL SHOCK
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ABSTRACT

Individual bluegill were allowed to thermoregulate for 3 days in a temperature-preference apparatus
and then were exposed for 30 min to one of three temperature treatments: 21.0°, 31.0°, or 36.1°C. Fish
exposed to 31°C served as controls for handling procedures. Thermoregulatory performance of surviv-
ing fish was monitored for an additional 3 days. Pretreatment results indicated mean lower and upper
avoidance temperatures of 29.3° and 33.1°, and 31.2°C as the midpoint of the preferred range. All 20 fish
exposed to 21° and 31°C survived treatment and demonstrated no significant differences between
pretreatment and posttreatment thermoregulatory performance. Thirty-five percent of fish (7 of 20)
exposed to 36.1°C died during treatment. Fish surviving the 36.1°C treatment retained the ability to
thermoregulate; however, their mean lower and upper avoidance temperatures increased 0.6° and
0.7°C, respectively. Activity patterns were typically diurnal, but variable, in all three treatment
groups. Immediately after treatment, the activity of fish exposed to 21° and 36.1°C was markedly
decreased. Thereafter, activity tended to be higher in the 21°C group and lower in the 36.1°C group

than during the pretreatment period.

Opportunities for temperature shock occur
wherever sharp temperature gradients are pres-
ent. Fish may be exposed to a sudden temperature
change when penetrating the thermocline; in
areas containing springs, upwellings or natural
allochthonous inputs of water; in sharp horizontal
temperature gradients characteristic of shallow
waters; and during the passage of weatherfronts.
Also, fish species migrating through or residing
within waters under the influence of electric
generating companies may be subjected to sudden
temperature changes.

Investigations concerning thermal shock of
fishes have mainly been limited to descriptions of
morbidity stages and determinations of species’
lethal temperatures. Noteworthy exceptions are
studies by Sylvester (1972) and Coutant (1972a, b,
1973) that demonstrate enhanced vulnerability of
thermally stressed fishes to predation. Fish mor-
talities owing to natural and artificially induced
temperature shock have been reported in marine,
estuarine, and freshwater environments
(Gunther, 1936; Gunter, 1941; Huntsman, 1942;
Gunter and Hildebrand, 1951; Bailey, 1955;
Threinen, 1958; Colton, 1959; Alabaster, 1963;
Clark, 1969), but the majority of work has in-
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volved laboratory determinations of thermal re-
sistance.

An important question is: does a sublethal
temperature shock disrupt subsequent ther-
moregulatory behavior of a fish? The objective of
this study was to assess effects of temperature
shock upon the thermoregulatory ability, selected
temperatures, and locomotor activity patterns of
individual bluegill, Lepomis macrochirus.

MATERIALS AND METHODS
Specimen

Juvenile bluegill (mean length 86.3 mm, range
72-105 mm) were captured during summer with
electroshocking gear from Lake Wingra (Dane
County, Wis.) and maintained in the laboratory at
25°C under constant photoperiod (LD 14:10 with
0.5 h dawn and dusk intervals) for at least 2 wk
prior to experimentation. Throughout the preex-
perimental and experimental periods fish were fed
pelleted food daily at 1630 h = 15 min.

Apparatus

The thermoregulatory apparatus was derived
from that of Neill and Magnuson (in press) with
temperature control and rate-change modi-
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fications reported by Beitinger et al. (in press).
The design (Neill, Magnuson, and Chipman, 1972)
substitutes a temperature gradient over time
for the spatial gradient typical of most tempera-
ture preference studies and allows an individual
fish to serve as its own tank thermostat. Each
50-liter test tank was divided into halves with
a molded fiber glass partition. A tunne!l in the
partition allowed the fish to choose between halves
differing by a fixed 2°C temperature interval.
When a fish selected the higher temperature, the
temperature of the tank increased at a constant
rate of 3°C/h while the 2°C differential between
halves remained constant. When the fish moved to
the cooler tank half, the temperature decreased at
the same rate (3°C/h) until the fish again moved to
the warmer tank half. By moving from one side to
the other, a fish was able to control the tempera-
ture to which it was exposed. For this study, a
potential temperature range of 4° to 55°C was
dvailable.

Temperatures of each tank half were monitored
by a thermistor-wheatstone bridge circuit con-
nected to a multichannel analog recorder. Avoid-
ance temperatures (i.e., turnaround tempera-
tures), preferred temperature range and midpoint
of the preferred range (midpoint temperature)
were the same as defined by Neill and Magnuson
(in press). During the experiment, tunnel passes,
recorded on an event recorder, were utilized as a
measure of fish activity.

PROCEDURE

One fish was introduced per tank and allowed to
experience the static system for 2.5 days with the
tank halves set at 24° and 26°C. The test period
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then began and tank temperature control was re-
linquished to each fish. Thermoregulatory per-
formance during the second, third, and fourth
days constituted the pretreatment data. Then fish
were removed and individually subjected to a sud-
den temperature change in 3.5-liter cylindrical
chambers. The water in each chamber was well
aerated and “conditioned” with 150 ml of that
fish’s thermoregulatory tank water. High temper-
ature treatment was 36.1 = 0.1°C and low temper-
ature treatment was 21.0= 0.1°C. For control pur-
poses, a third group of fish was treated at 31.0+
0.1C, a temperature approximating the preferred
range midpoint for bluegill. A series of cursory
experiments indicated that fish body tempera-
tures equilibrated to the treatment temperature
during exposure. Fish were randomly allocated to
the three treatment temperatures. Following a
30-min exposure, each surviving fish was re-
turned to its respective thermoregulatory tank for
an additional 3-day posttreatment period. Ther-
moregulatory tank temperatures at fish reentry
were the same as those at fish removal. Finally,
fish were isolated and observed for 1 wk for possi-
ble latent effects.

RESULTS

Prior to treatment, there were no statistically
significant differences in thermoregulatory per-
formance among the three groups (Kruskal-
Wallis one way analysis of variance; Siegel, 1956;
lower and upper avoidance temperatures, mid-
point temperature, and width of preferred range,
all P>0.20). Fish had mean lower and upper
avoidance temperatures of 29.3° and 33.1°C
and mean preferred range width of 3.8°C. The

TaBLE 1,—Lower and upper avoidance temperatures, preferred range midpoint and width, pretreat-
ment and posttreatment, for each of the three groups. Means + standard deviations are given.

Controls Cotd shocked Heat shocked Grand
item 31.0°C 21.0°C 36.1°C mean
N 10 10 12
Lower avoidance temperature, °C:
Pretreatment 204+ 07 29.2+ 09 294+ 09 29.3
Posttreatment 29.4+ 08 29.1+1.0 300+ 0.8
Upper avoidance temperature, °C:
Pretreatment 331+ 06 331+ 05 33.1+ 09 33.1
Postireatment 33.1= 07 331+ 05 33809
Midpoint of preferred range, °C:
Pretreatment 31.3x 06 312+ 0.6 31.2+ 08 31.2
Posttreatment 312+ 07 311+ 0.7 319+ 0.8
Width of preferred range, °C:
Pretreatment 3.7+ 06 3.8+ 0.7 37+07 3.7
Posttreatment 36x05 40+ 08 38+05 38

'One fish survived treatment but died during the first posttreatment night, owing to electronic failure.
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midpoint of the preferred range was 31.2°C
(Table 1).

Pretreatment and posttreatment comparison of
preferred range midpoints for individual fish are
illustrated in Figure 1. Of the 20 control and cold-
treated fish (1b, a), 18 had posttreatment midpoint
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FIGURE 1.—Mean preshock and postshock midpoints of preferred
range for individual bluegills in each of the treatment groups.
Points falling on the 45° line indicate no change in midpoint
temperatures.

temperatures within 0.3°C of their pretreatment
values. None of the individual control fish had
significant pretreatment and posttreatment
changes in mean avoidance temperatures (¢-test,
P>0.05). Among the cold-treated fish, two had
significant downward changes in lower avoidance
temperatures and one had a significant downward
change in its upper avoidance temperature. In the
control and cold-treated groups, five fish each had
lower posttreatment midpoint temperatures;
however, there were no significant trends (Wil-
coxon matched pairs, signed ranks; controls and
cold-treated P>0.10).

Eleven of the twelve heat-treated fish had
higher posttreatment midpoint temperatures
(Figure 1c). This trend was highly significant
{Wilcoxon matched pairs, signed ranks, P<0.01).
The mean posttreatment midpoint temperatures
for heat-treated fish during each of the 3 days were
31.9°, 32.0°, and 31.9°C, indicating no return to-
wards the pretreatment preference level.

Whereas all of the control and cold-treated fish
survived the treatment process, 7 of the 20 fish
(35%) exposed to 36.1°C died during treatment.
All fish that died lost equilibrium early in the
treatment and were dead within 5 min. The mean
pretreatment midpoint temperature of those that
died was significantly lower than that of the sur-
vivors (Mann-Whitney U test P<0.05); however,
temperatures experienced immediately prior to
exposure were the same for both groups.

Although visual observations during the post-
treatment period of this study were limited to
avoid disturbing the fish, the typical immediate
posttreatment behavior of both the heat- and
cold-treated fish was submissive; often fish were
hiding behind objects in their experimental
tanks. However, at the feeding time, 4.5 h follow-
ing exposure, nearly all fish actively fed.

A distinct diurnal pattern of activity was ob-
served for each of the treatment groups through-
out the 6-day experiment (Figure 2). Daytime
hourly activities were typically two to three times
higher than nighttime activities. The median
activity (tunnel passes) of the cold- and, partic-
ularly, heat-treated fish dropped appreciably the
hour following exposure (Figure 2). For general -
activity comparisons (Figure 3a, b) diurnal and
nocturnal periods were separately analyzed
(dawn and dusk excluded). With the pretreatment
activity of each group serving as its own control,
a series of Mann-Whitney U tests, with ties
correction and z transformation were performed
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FIGURE 2.—Median hourly tunnel passes by fish throughout the entire 6-day experiment for each treat-
ment group. The arrow indicates time of treatment.

to compare the 3-day pretreatment and 3-day
posttreatment median hourly activities. The pre-
treatment and posttreatment activity levels of
the control group were not significantly different.
The daytime posttreatment activity of cold-
treated fish, although higher and more variable,
was not significantly changed; however, night
activity increased (P<0.001). Heat-treated fish
demonstrated the greatest change in activity.
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Both night and daytime activities decreased
(P<0.01, P<0.001 respectively).

DISCUSSION

Combined pretreatment data demonstrate that
the 32 test bluegills maintained their environ-
mental temperatures within well-defined limits
relative to the available temperature range. The
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FigURE 3.—Medians (circles) and 95% confidence limits for pre-
treatment and posttreatment bluegill hourly activities for the
three treatment groups. Day and night activities are presented
separately.

calculated midpoint of the preferred range,
31.2°C, is similar to that of Neill and Magnuson
(in press), 30.4° and 0.8°C below the final tem-
perature preferendum for bluegill reported by
Fry and Pearson (1952).2 The effect of sudden
temperature stress on thermoregulatory behavior
has not been previously examined. However,
several other external factors have been reported
to influence temperature preferenda, including
season (Sullivan and Fisher, 1953; Zahn, 1963;
Barans and Tubb, 1973), light intensity (Sullivan
and Fisher, 1954), starvation (Javaid and
Anderson, 1967) and exposure to chlorinated
hydrocarbons (Ogilvie and Anderson, 1965;
Peterson, 1973).

Pretreatment and posttreatment comparisons
in the grouped control data clearly indicate no
change in thermoregulatory performance. The

2Fry, F. E. J., and B. Pearson. 1952. Some temperature

relations of the pumpkinseed and bluegill sunfish, Unpubl.
manuscr., 10 p. Ont. Fish. Res. Lab. R.R. 2, Maple, Ont., Can.

At experienced by control fish was minimal and
changes, if any, could be ascribed to handling or
time-dependent variations in temperature
preference.

Cold- and heat-treated fish actually experienced
two temperature shocks. One occurred when the
fish were introduced into the treatment chambers
and the second when they were returned to their
experimental tanks. Both cold and heat treat-
ments were conducted at temperatures actively
avoided by fish while in their thermoregulatory
tanks.

Cold exposure did not significantly change any
of the four measured parameters of thermo-
regulatory behavior. These fish experienced a
At of approximately 10°C, but the exposure
temperature, 21°C, is near the middle of the toler-
ance zone for bluegill. That these fish did not select
lower temperatures was expected, owing to the
slow rate of downward temperature acclimation
characteristic of fishes (Brett, 1944, 1946). The
lethal rates of temperature increase are at least
20 times the corresponding lethal rates of tem-
perature decrease for bluegill (Speakman and
Krenkel, 1971). Apparently, the 30-min exposure
was not sufficient to change the acclimation state
and, hence, the preferred temperature range of
these fish.

Fish exposed to 36.1°C experienced asmaller A ¢
(about 5°C) during treatment, but this exposure
was to within approximately 0.5°C of the bluegill’s
incipient upper lethal temperature (Hart, 1952;
Cairns, 1956). The ability of surviving bluegills to
thermoregulate was not deleteriously affected by
the 30-min exposure to 36.1°C, however, statisti-
cally significant changes in avoidance and mid-
point temperatures did occur. Thus, the ther-
moregulatory performance of bluegill was
influenced more by exposure either to 1) tem-
peratures closer to lethal limits than exposure to
large At’s per se or to 2) temperatures above
rather than those below, the acclimation state of
the fish.

Of the three exposure temperatures, only
36.1°C resulted in fish mortality. The pretreat-
ment midpoint temperatures of these fish were
significantly lower than those of fish surviving
heat treatment, indicating a relationship be-
tween preferred and upper lethal temperatures.
That a considerable proportion, 35%, of fishes
exposed to 36.1°C died, is more important to the
population than the observation that surviving
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fish had a 0.7°C increase in preferred range
following exposure.

Use of tunnel passes as an index of locomotor
activity is discussed by Beitinger et al. (in press).
The diurnal activity pattern continued after treat-
ment in all three groups (Figure 2). Immediately
subsequent to treatment, a marked decrease in
activity occurred in cold- and heat-treated fish
but not in the control group (Figure 2). This
decrease might help explain the increased
susceptibility of thermally shocked fish to
predation reported by Coutant (1972a, b, 1973)
and Sylvester (1973). Hocutt (1973) found that
exposure to rapid temperature changes, as large
as 12°C below and 8°C above ambient tempera-
tures, resulted in decreased swimming perfor-
mance in juvenile largemouth bass, Micropterus
salmoides; spotfin shiner, Notropis spilopterus;
and channel catfish, Ictalurus punctatus.

Due to their mobility and acute temperature
sensitivity, fishes are able to avoid environments
of unfavorable temperatures. If trapped at these
temperatures, fish possess the ability to resist
thermal death. Ecologically, resistance ability
affords a fish the opportunity to escape potentially
lethal conditions at least until they lose
equilibrium. Fish are exposed to stressful
conditions when existing within their thermal
resistance zone or when experiencing large tem-
perature changes. The major objective of this
research was to examine the thermoregulatory
performance of bluegill following “high” and
“low” thermal exposure. Nevertheless, the 35%
mortality among 36.1°C treated fish and the se-
vere depression in immediate posttreatment ac-
tivity of both the 21.0° and 36.1°C treated fish were
the two most ecologically important findings. All
fish surviving treatment retained the ability to
behaviorally thermoregulate, hence, disruption of
thermoregulatory behavior is not a likely outcome
of thermal shock in fishes.
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