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The effects of rapid temperature decreases by five
freshwater fish species

By Dan A. Cincotra, Jay R, Staureer, Jr. and Craaries H. Hocurr
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Abstract

Instantaneous cold shock experiments were conducted on five species of
freshwater fish acclimated to two temperatures berween 24 and 36°C. The species,
lethal temperature, and acclimation temperatures were: Notemigonus crysolencas, 12°C
at both 30 and 25°C; Notropis analostanus, 6 and 12°C at 24 and 30°C, respectively;
Riinichtlys atratulus, 6°C at both 24 and 28 °C; Lepomis gibbosus, 12 and 18°C ar 30
and 36 °C, respectively; and Micropteras salmoides, 12 °C at both 30 and 36°C.

Introduction

The purpose of our study was to conduct acute cold shock tests on five
freshwater fish species: golden shiner (Notemigonus crysolescas), satinfin
shiner (MNotropis analostanus), blacknose dace (Rbinichthys atratulss) pump-
kinseed (Lepomis gibbosus) and largemouth bass (Micropterus salmoides) at var-
ious acclimation remperatures. An test range of 24—36°C was used to
simulate the “worst case” condition of elevated temperatures in a heated, in-
dustrial discharge (CivcoTTa et al. 1982).

Literature pertaining to ichthyofaunal cold shock (Becker et al. 1977 4
Coutant 1972) is relatively uncommon when compared to upper tolerance
and other temperature studies (Brown 1974 Hocurr e al. 1980; RicHarps et
al. 1977). Cold shock causes fish mortality due to rapid decreases in water
temperature under natural (Danserc & Swite 1970; GunTer 1941; Over-
sTREET 1974) or artificial (Asn et al, 1974; Camns 1972) conditions. Death
probably ensues from a loss of nervous, circulatory respiratory, and/or osmo-
regulatory functions (Fisuer 1958; Fry 1964).

Historically, lower incipent lethal temperatures were determined in
thermal resistance experiments to complete speciesspecific temperarure
polygons (Brerr 1944, 1952; Dounororr 1942, 1945; Fry 1947; Fry et al,
1942, 1946; Hart 1947, 1952). Upper acclimation temperatures in these
studies did nor usually exceed 25 °C. Current research in cold shock effects on
fish is to address impacts, prove compliance, or justify variance from feder-
ally-mandated environmental statutes (e, g, National Environmental Policy
Act of 1969 and Section 316 a, Federal Water Pollution Control Act of 1972).
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A review of federal thermal legislation was presented by Bruwcs & Jones
(1977). Recent acute cold shock investigations were conducted by Becker et
al. (1977 a), Couwrant (1974a), Merowim & Grer (1971), and Peressom &
SHuTsey (1976).

Material and methods

Instantaneous cold shock experiments were conducred ar the Appalachian En-
vironmental Laboratory (AEL), Frostburg, Maryland. Satinfin shiner (36.1—68.6 mm
SL), blacknose dace (29.5—62.7 mm SL) and pumpkinseed sunfish (28.0—44.5 mm SL)
were collected from the West Branch of Codorus Creek, York County, Pennsylvania.
Specimens were captured by seine and transported to the laboratory in 94.6 liter (1)
plastic barrels, Golden shiners (40.1—87.6 mm 5L) and largemouth bass (27.9—66.0
mm SL) were purchased ar a commercial fish hatchery in Pennsylvania and transported
in styrafoam coolers (50 fish per container), Water temperatures in all containers were
maintained at ambient 4+2°C. After a 24 h observation at AEL, fish that appeared dis-
eased or ill were discarded.

Acclimation procedures were initiated by transfer of test specimens to a 37.8 liter
or 75,7 liter aquarium located in a commercial walk-in refrigerator. Acclimation tem-
peratures were controlled by Supreme aguarium heaters. Continuous water aeration
and filtration were provided for all aguaria. Holding tanks were illuminated with Vi-
talites, and a Dayton timer maintained a photoperiod of 12h L:12h D. An activated
charcoal filter was used to remove impurities from the testing and holding water,
which was obtained through the Frostburg water supply. Fish were fed daily, except
on test days, 1o maintain stomach consistency,

Different acclimations were used for different species {Table 1), temperatures
often approached or exceeded the ultimate upper incipient lethal temperature of the
species. Fish were acclimated by raising or lowering water temperatures in holding
tanks at a rate of 1°C/day (Fry 1971). Adjustment ranges were small because test spe-
cies were acquired near the intended acclimation level. Onee the desired acelimation
was reached, fish were held at that temperature + 0.5°C for a minimum of 20 days
before testing.

Two groups of ten fish for each species and rest condition were acelimated to the
two highest acclimation temperatures. These individuals were then transferred 10
tanks which held water at the desired test temperature (Table 1). After each rest all fish
were discarded. Thus, naive fish were used for each experiment, including control
tests. Observations were made every minute for the first 10 min, every 10th min for
the first 100 min, every 100th min for the first 1,000 min, every 1,000th min for the for
10,000 min, The temperature at which 50 percent or greater mortality (LTsg) occurred
during a 10,000 min (ca. 7 days) period was considered the cold shock temperature. Be-
cause of the “all or none” response, no attempt was made to interpolate LTsg from the
data, An organism was declared “dead”™ when gill and muscular movement ceased, and
proding with a glass rod produced no response.

Results and discussion

Results of the abrupt cold shock experiments are summarized in Table 1.
The following species accounts for each species review the literature and note
existing comparable data with regard to acclimation temperatures,
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Table 1. Percent mortality at each acclimation temperature and exposure time period
(1 = 10 min; 2 = 100; 3 = 1,000; 4 = 10,000). The asterisk (*) indicates the time and
highest cold shock temperature where = 50 percent mortality occurred in 10,000 min

(LT s0)-
Species Acchmation  Time Test shock temperatures (°C)
temperature  period ¢ 18 24 28 30 35 36
(*C) (Min]
Cyprinidae
Golden shiner 30 1 75 6 00 - - -
2 100 g 00 -0 - =
3 100 0 o o -0 - -
4 100 65* 10 0 - 0 = =
35 1 100 0 b & - 0 o -
2 100 5 00 -0 0 -
3 100 5 15 0 - 0 5 =
4 100 100 30 0 - 0 25 -~
Sarinfin shiner 24 1 5 0 o 9 - o - o
2 BO V] O 0 = - -
3 95 o o090 - - - -
4 100 0 0 0 - - = =
30 1 0 0 0 0 - 0 - -
2 "] 5 0 0 -0 = =
3 w2 o0 0 -0 - -
4 100 6 0 0 -0 - -
Blacknose dace 24 i a B 6= == =
2 0 g o0 - - - =
3 5 Q g o0 - = = -
4 90* 0 0 0 = = = =
28 1 D 0 B 0 o == =
2 35 0 0 0 0 = = -
3 90 0 0 0 0 - = -
4 00 26 © 0 0 = - =
Centrarchidae
Pumpkinseed 30 1 75 60 0 0 = o - =
3 100 o 00 -0 - =
3 100 10 0 0 -0 - -
4 100 * 0 0 - 0 = =
36 1 100 10 00 =0 = o
2 100 15 5 0 -0 - 0
3 100 100 40 0 - 0 - O
4 100 100 55*0 - 0 - 0
Largemouth bass 30 1 0 0O 00 — obie =
2 100 0 0 0 -0 = -
3 100 0 0 0 -0 - -
4 100 9%* 0 5 - 0 - -
36 i 100 0 0 0 =0 - o
2 0 1w 4 ¢ -0 - 0
3 100 100 30 0 - 0 - 0
4 100 100* 40 5 - 0 - @

1 = control test



532 Dan A. Cincotta, Jay R. Stauffer, Jr. and Charles H. Hocutt

Golden shiner — Fish acclimated to 30 and 35 °C exhibited over 50 per-
cent mortality when exposed to 12°C, Brerr (1944) demonstrated a 3.4°C
lower incipient lethal temperature (i.e, LTs) for the golden shiner ac-
climated to 21 °C. Hagrt (1952) listed a lower incipient lethal temperature of
11.2 °C when this species was acclimated to 30.

Satinfin shiner — When acclimated to 24 and 30°C, lethal cold shock
temperatures were 6 and 12°C, respectively. No other published instan-
taneous cold shock data are known for this species.

Blacknose dace — When acclimated to 24 and 28 °C, lethal cold shock
temperatures for B. atratulus were 6°C. Hart (1947) indicated thar this spe-
cies had a lower incipient lethal temperatures of 2.2 and 5°C, when ac-
climated to 20 and 25 °C, respectively.

Pumpkinseed — When acclimated to 30 and 36°C, temperatures at
which 50 percent or more mortality occurred in 10,000 min were 12 and
18°C, respectively. Becrer et al. (1977 a) demonstrated an LTs of 123 C
when pumpkinseeds were acclimated to 30°C, Pererson & Suursey (1976)
indicated that specimens collected in 13—27 °*C waters could withstand cold
shock temperatures of 7—11°C with no significant mortalities.
Largemouth bass — Specimens acclimated to 30 and 36 °C exhibited
over 50 percent mortality when exposed to 12°C. Pererson & SHUTsky
(1976) concluded that largemouth bass could tolerate 8.5 and 8.0°C abrupt
temperature declines with no mortalities when acclimated to 24.5 and 27 °C,
respectively. Hart (1952) found only a 0.3 °C difference in lower lethal tem-
peratures for northern and southern subspecies of M. salmoides (5.2 °C the for
northern, 5.5°C for the southern) when the fish were acclimated o 20°C,
but a 1.3C difference (10.5 and 11.8°C, respectively) when they were ac-
climated to 30°C.,

General discussion

Maortalities of ichthyofauna near thermal discharges have been a problem
in recent decades (Becker et al. 1977 b). Ambient discharge temperatures asso-
ciated with cold winter temperatures in the receiving water body and abrupt
potential for cold shock mortalitics. Based on knowledge that fishes may not
totally acclimate to the highest effluent temperature (Ketso 1976; Nenw &
Macnuson 1974; Seicareinnr 1975), occasional movements away from the
elevated temperature arca may play a role in preventing many kills, Abrupt
effluent shutdowns can cause fish mortality,

Actual losses associated with thermal shutdowns are difficult to estimate,
Estimate may be fairly accurate when species-specific data from the same geo-
graphic region are employed (Becker et al. 1977 b). Cold shock mortality pre-
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dictions, however, may be influenced by indirect factors such as suscepribility
to impingement or entrainment (Hocutr 1973), predation (Courtant 1974 a),
discase (Dounororr 1942), asphixiation in bottom waters (Pernossy & Mac-
nuson 1973), and death via secondary shock from lower cold water layers
(Becker et al. 1977a). Coutant (1974b, 1977) offered guidance in power
plant siting, design, and operation that would minimize fish loss from cold
shock, Furthermore, Becker et al. (1977 b) discussed the problem of predict-
ing the effects of cold shock and proposed a model to estimate temperature
declines in thermal plumes originating from suddenly terminated off-shore
discharges.

Matrur et al. (1981) recently discussed statistical similarities relative to
thermal behavior data for geographically separated popularions of the same
species of fish and among species within a family. Although no comparison
has been demonstrated for species in regard to lethal tolerance levels, Brunes
& Jomnes (1977) suggested such a correlation for cold shock events. They con-
structed a nomograph, summarizing data for 20 species of frehswater fish and
suggested it could be used as a replacement for species-specific information
covering all “warm water and cold water species.” Civoorra et al. (1982) dis-
cussed the restricted merit of this approach in thermal impact evaluations,
and indicated caution when such an application is used.

We did not attempt to isolate the “exact” lower incipient lethal tempera-
tures in this study. As discussed by Fry (1947), this classical value (where 50 %
mortality is achieved) is ordinarily derived from time mortality curves or a
dosage mortality methodology. Our data provide safe, economical, and expe-
dient ecological winter evaluations for artificially heated waters (e.g., Civ
coTTa et al, 1982; Peremson & Scuurtsky 1976). Recently, Becker et al
(1977a, b) indicated that, although mortality might be underestimated,
gradual shock information or ““Critical Thermal Minimum™ data (see CowLes
& BocarT 1944) could be urilized for realistic fish kill predictions. To offset
underestimations, they suggested a “safety factor” be incorporated to provide
a more accurate assessment, The abrupt cold shock tests we performed
provide an overestimation of mortalities and, hence, have a margin of safety
automatically incorporated into the experiment.
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