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Temperature preference of the northern redbelly dace,
Phoxinus eos (COPE)

By Jay R. STAUFFER, Jr., EDwarp L. Meusky and Craries H. Hocurr

With 1 figure in the text

Abstract

The temperature preference of the northern redbelly dace was investigated
in a horizontal thermal gradient. Fish were collected in Michigan and shipped
via air express to the test facilities ar Frostburg, Maryland. Fish were acclimated
to 6, 12, 18, 24, 30 and 33 °C (£ 0.5°2C). The relationship between preference
temperature and acclimation temperature was best explained by the model: P =
1,152 A —0.017 A® 4 7.03, where P is equal to the preference temperature and A
the acclimation temperature. The final temperature preferendum was determined
1w be 253 °C.

Introduction

Within the last decade, fishery scientists have directed much efforr
toward the behavior of fishes as it is influenced by temperarre (Courant,
1977). Federal legislation mandates that behavioral aspects be investigated
to effectively understand the ethological reactions of fishes toward thermal
effluents. Impact studies utilizing these guidelines foeus upon a number of
thermally related parameters (i.c., temperature preference, temperature
avoidance, thermal shock, growth) 1o establish criteria which protect species
exposed to thermal additions. Because poikilothermic metabelism is controll-
ed by temperature (Brown, 1946; Barowin, 1957; BrerT, 1970), selection
of temperatures which allow optimal physiological performance assists in
the successful establishment of stable, healthy fish popularions. A review of
the literature concerning physiological parameters manifests the relationship
between selected temperatures and optimal physiological performance, Op-
timal temperatures for metabolic activity (BrETT, 1956), cruising speed
(Fry & HarT, 1948}, appetite (Noggs, 1963), growth (Ecological Analysts,
1978), and other physiological processes (see BreTT, 1971) are consistently
similar to the final preferred temperature in a number of fish species. GirFr
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(1977) noted that utilization of this preference-physiology relationship
would reduce time and expense needed to predict temperatures for optimal
physiological processes, since preference tests are of significantly shorter
duration than experiments historically used to abtain physiological data.

Traditionally, the vast majority of temperature related investigations
examined the important sport or commercial fishes such as rainbow trout
(McCauLey et al, 1977), brook trour (Fercusow, 1958; CHerry et al,
1975), various salmonid species (BreTT, 1952; HurLey & Wooparr, 1968),
smallmouth bass (Rrymorns & Casterumn, 1976), and yellow perch
{(Baraws & Tuse, 1973; Rrurrer & Herpewporr, 1974). Girr (1977)
noted that knowledge of thermal criteria of forage fishes is severely lacking.
This paucity of knowledge concerning requirements of the prey species can
reduce the overall ecological understanding of sport and commercial fishes,
for these ichthyofauna frequently occupy areas which are not at their final
temperature preferenda, but at the preferenda of the prey fishes (Fam-
pangs, Corrmnes & Smoes, 1971; Nenwr & Macnuson, 1974),

This study investigated the thermal preference of the northern redbelly
dace (Phoxinues eos, CopE), which can be an important forage fish (Scorr &
Crossman, 1973). The northern redbelly dace occurs from Nova Scotia
south to Pennsylvania, west to Colorado and British Columbia (Scorr &
Crossman, 1973}, Establishment of the final selected temperature for this
species will provide insight into the behavior and physiological aspects of
this species.

Methods and materials

Worthern redbelly dace were collected from Spratt Creek (tributary of
Thunder Bay System, Lake Huron), Alpena County, Michigan, on & September,
1978, Ten to 15 fish were placed in 2 liter double lined plastic bags, which were
filled with 200 ml of water and inflated with pure O, Fish were shipped in in-
sulated containers via air express to the Appalachian Environmental Labaratory,
Frostburg, Maryland.

Fish were acclimated to 6, 12, 18, 24, 30, and 33°C (% 0.5°C) at a rawe
which did not exceed 1°C/day. Fish were held at the acclimation temperature
for a minimum of five days prior to testing, Constant aeration in holding aquaria
maintained oxygen levels above 90 percent air-saturarion. Tests were conducted
from mid-Seprember through MNovember with photoperiod mimicing the natural
cyele for this time of year. Vita-lites (flourescent lights emitting wavelengths equal
to those of solar radiadon) illuminated helding and testing arcas. Fish were fed
daily on all days except for days of testing.

A horizontal trough, as described by Harn, Hocurr & Staurrer (1978)
was used to conduct the preference tests. This trough was patterned after that
described by Merormv & Gier (1971) and made of aluminum, coated with a non-
toxic epoxy paint, Heat lamps, positioned beneath the trough and set at increasing
intensities, were used to create a temperature gradient within the apparatus. Water
3—8 °C below the acclimation temperature was introduced at one cnd of the
trough to insure the presence of temperatures below the acclimation temperarure.
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Low flow and varying heat lamp intensities created a heterothermal gradient of
approximately 16 °C. Observations indicated thar this gradient was sufficient
gince fish newver remained at the extremes of the gradient. Additionally, previous
studies at our laboratory showed that the presence of a thermal gradient throughout
a wide portion of the respective species’ biokinetic range often caused mortalicy
due to exposure to temperatures beyond the upper lethal limits of the species at
the respective acclimation temperatures. The entire trough was enclosed to minimize
external stimuli.

Twenty-two numbered thermistors equally spaced along the length of the
trough monitored the temperatures within the unit. The position of the fish re-
lative to these thermistors was monitored via overhead mirrors. Whenever a speci-
men was observed between probes, the temperature of the probe nearest the fish's
head was taken as the temperature selected ac that time since MurLier (1977}
showed that the thermal history of the head of the fish determines its preferred
temperature.

The six fish individually tested at each acclimation temperature were sacri-
ficed upon completion of their respective trials. Specimens were introduced in the
trough at their acelimation temperature. After an initial 40-minute orientation
period, the water temperature in the vicinity of the fish was recorded each minute
for 20 minutes. The mean of the 20 observations was deemed the preferred tem-
perature for that parricular test (STaverer et al., 1976).

The relationship between preferred temperature (P} and acclimation tempera-
ture (A) was explored via the following medels:

P=agA+fP=aA +ceA*+f;andP=aA+ oA+ x A+ £,

A stepwise regression procedure was used to determine the model which
described the highest percentage of variance in preferred temperature due to ac-
climation temperature. The selected model was then solved for the point where
P = A 1o determine the final temperature preference as conceived by Fry (1947).

Results and discussion

Morthern redbelly dace preferred temperatures higher than their ac-
climation temperature berween 6 and 18 °C. At 24 °C acclimation tempera-
ture they preferred 24 °C, and at acclimation temperatures of 30 and 33 °C
their preferred temperature was lower than their acclimation temperature
(Fig. 1). Stepwise regression analysis indicated that the data were best ex-
plained by the quadratic equation:

P= 1152 A — 0017 A* + 7.03,

which explained 53 percent of the variability of the raw data (N = 720).
Solving this equation for the point at which P = A, yielded a final tem-
perature preferendum of 25.3 °C,

Additional information concerning thermal behavior of the northern
redbelly dace could not be found. TyLer (1966) reported that this species
exhibited 50 percent mortality when specimens acclimated to 24 °C were
exposed to 33 °C during summer conditions. When we attempred to ac-
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Fig. 1. Relationship berween temperature preference and acclimation tempera-
ture for the northern redbelly dace, Phoxinus eos (Core) (P = preference tempera-
ture; A = acclimation temperature; A = 1 observation; B = 2 ghservations; etz.)

climate fish to temperatures above 33 °C (at a rate of 0.5 °C/day), all
specimens died.

Tyrer (1966) also demonstrated that dace had higher lethal tempera-
tures when collected during the summer than during the winter, even when
acclimated to the same remperatures. A similar phenomena has been re-
ported by MeLpriM & Girr (1971) in relation to preference responses for
some species. They found that fish exhibited a higher temperature pre-
ference when collected during falling temperature (autumn) conditions than
when collected during rising temperature (spring) conditions, However,
when CHERRY et al. (1977) increased the acclimation period in the labora-
tory, no differences between responses during rising and falling tempera-
ture regimes could be discerned for six of nine species. Fish for these ex-
periments were all collected during the fall, and the same acclimation pro-
cedures were used as described by Cuerry et al. (1977).
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Zusammenfassung

IMe Temperatur-Priferenz von Phoxinks eos wurde aufgrund eines horizon-
talen Thermalgradienten untersucht. Die Fische wurden im Spratt Creek (Michigan
State) gefangen und per Flugzeug zum Appalachen-Umwelt-Laboratorium in
Frostburg, Maryland, transportiert, wo die Einrichtungen zur Akklimarisation der
Fische an 6, 12, 18, 24, 30 und 33 °C (X 0,5 “C) vorhanden sind., Die Bezichung
zwischen Temperatue-Priferenz () und Akklimatisations-Temperatur (A) ent-
sprach der Gleichung: P = 1,152 A—0,017 A® + 7,03, Die von den Fischen be-
vorzugre Endtemperatur berrug 25,3 °C.
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