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THERMAL SHOCK TOLERANCES
OF SIX FISHES AND ONE INVERTEBRATE
FROM THE PACIFIC NORTHWEST

The purpose of this study was to ascertain the temperatures at which
selected estuarine fishes from the Pacific Northwest and one of their po-
tential food organisms would be incapacitated and killed after entering
the thermal plume of an industrial cooling system. This information aids
in impact evaluation of thermal discharges, especially where they act as
barriers or entrapments.

Some fish are known not to avoid heated effluents during migration
(Young and Gibson, 1973), and others may be affected when a sweeping plume
impinges on their habitat or territory. The rate of change and magnitude
of the temperature may be high enough to overcome thermal resistance and
produce shock. Thermally shocked fish become vulnerable prey for other
fish and birds (Coutant, 1973; Young and Gibson, 1973).

Adams (1969, cited from DesVoigne, 1970) feels that experiments ex-
posing organisms to rapid temperature elevation better resemble conditions
at operating thermal plants than do 24 to 96-hour tolerance tests. Our
report presents equilibrium loss and thermal death as endpoints for dif-

ferent rates of temperature increase of six fishes and one invertebrate.

Materials and Methods

The species tested were shiner perch, Cymatogaster aggregata; coho

salmon, Onchorhynchus kisutch; Pacific sandiance, Ammodytes hexapterus:

threespine stickleback, Gasterosteous aculeatus; silverspotted sculpin,







Blepsias cirrhosus; Pacific staghorn sculpin, Leptocottus armatus; and the

mysid, Mysis oculata. A1l species were collected from Sequim Bay, Washing-

ton, except coho salmon, which were obtained from a local hatchery. They
were held for at least two weeks in flow-through aquaria at ambient water
temperature (10-11°C, 30°/,, salinity) before testing. A second group of stickle-
backs was held at 20°C for two weeks. The Critical Thermal Maximum method
was used for determinations. Endpoints were obtained by placing an individual
organism in a 2,000 ml volumetric flask containing 1,000 mi of sea water from
its holding tank (sandlance and mysids were tested in 500 ml of water). The
flask was then placed in a heating mantle that was controlled by a voltage
reqgulator. The voltage requlator, turned to a predetermined setting, provided
a given rate of temperature increase. Temperature increase was monitored at
one minute intervals with a stem thermometer. Constant aeration was provided
to maintain thorough mixing and even temperature distribution in the flask.
Equilibrium loss (EL) and death (D) were recorded as the temperature at which
the organism became disoriented and the temperature at which opercular movement
ceased, respectively. The length and weight of each organism was measured at
the conclusion of testing.

The null hypothesis that no differences exist between mean temperatures
for equilibrium loss or death for different rates of temperature increase,
allowing for possible effects of length and weight, was tested by analysis

of covariance.



.



Results and Discussion

The rates of temperature increase with corresponding mean weight,
mean length, and adjusted EL are given in Table 1. F values are included
from analysis of covariance between treatments. Table 2 lists similar data
for adjusted D's. Stickleback acclimated at 20°C, shiner perch, coho salmon,
and Pacific sandlance, showed a treatment effect with 95% confidence for EL.
Sticklebacks at both acclimations, shiner perch, and coho salmon, showed a
treatment effect with 95% confidencae for D. No significant differences were
found in others. The adjusted ELs were consistently a few degrees lower than
the corresponding Ds. No EL was exhibited in mysids.

The boundary of a thermal plume may constitute a sharp temperature
differential, especially near the plant outlet or where the plume forms a
surface layer over cooler water. Fish passing through such a boundary will
experience degrees of temperature increase depending on both their swimming
speed and the extent of the differential. If the change is rapid and the &T
substantial, they will suffer thermal shock. This generally results, first,

in a loss of equilibrium often called heat coma and, eventually, in thermal

death if the exposure is prolonged, or if the temperature continues to increase.

We continued the temperature increases through equilibrium loss to the
point of thermal death because a fish's momentum may carry it through a
gradient to the thermal death point after the EL is reached. Many of the
menhaden observed by Young and Gibson (1973) swimming into an effluent were
thus affected. Some fish, especially the heavier species that have a smaller
surface to volume ratio, showed a treatment effect where faster rates of

temperature increase resulted in accordingly higher EL and D values. This






phenomenon results from a time lag between attaining a given environmental
temperature and a corresponding deep body temperature. Most individuals

exhibited the behavioral response, heat coma, at temperatures one to four
degrees below their thermal death point. Some showed no symptoms of heat
stress until they reached D; thus, the smaller number of tests for some EL

determinations. Mysids underwent no obvious heat coma.
We could find 1ittle information on upper lethal temperatures for most of

the species tested, particularly any involving shock. Jordon and Garside (1972)
presented LD50's (time to DS50 was not given) of 25.74°C and 27.60°C for

G. aculeatus acclimated at 10°C and 20°C, respectively, in 30°/,, sea water.

Our tests show similarly that heat shock is dependent on acclimation temperature.

Brett (1952) tested the resistance times of young coho salmon acclimated
at various temperatures in fresh water. Extrapolation of his data shows a
resistance time of about 10 minutes at 27.5°C. Coutant (1970), though he did
not specify the acclimation temperature, found juvenile coho from the Columbia
River to resist 29.3°C for 10 minutes and 30°C for less than 3 minutes, 3 times
less tolerant than adults at the latter temperature. Comparison of these
observations with ours is difficult because of differences in test conditions,
size of fish, and salinity of the water.

Mysids, though a minor food of juveniie coho salmon (Manzer, 1969), are
important in the diet of other estuarine fishes (Hair, 1971). Hair, while

investigating thermal shock in Neomysis awatschensis, found 87°F (30.6°C) to

be a death point regardless of acclimation temperature. This value corresponds

well with ours for Mysis oculata.







For each species, we attempted to use animals of similar size. However,
since differences in size may affect resistance times, the mean ELs and Ds
were adjusted for length and weight. These values may stand only for the sizes

of organisms tested.
Conclusions

As our population grows, the Pacific Northwest will depend on increasing
use of industries using sea water cooling systems. The information contained
here will add to the knowledge of the biological impacts of their impingement
on the relatively unpolluted coastal zone, an area that contributes to a

large part of the local economy.






Table 1. Treatments with corresponding number of tests, mean weight and length, and adjusted EL for each species
tested. Asterisked F-values for analyses of covariance indicate with 95% confidence that the null
hypothesis is rejected. Degrees of freedom are K-1 and N-K-2 where K=number of treatments,N=total
number of tests, and 2=number of covariates.

Treatment Number Mean Mean Adjusted
Species (°C increase/min.) of tests Weight {g) Length (mm). EL(°C) F-value
Cymatogaster aggregata 0.5 10 3.93 66 27.3 6.075*
1.0 10 4.56 70 28.3
2.0 5 6.60 76 29.2 10.457*
6.0 10 6.89 74 31.2
Oncorhynchus kisutch 2.0 5 13.9 112 29.2 24.168*
(juveniles) 6.0 10 13.0 105 31.0
Ammodytes hexapterus 2.0 5 0.68 65 25.5 5.828*
o 10.0 10 0.73 64 26.6
Blepsias cirrhosus 2.0 5 0.99 53 25.0 0.888
6.0 10 1.06 52 25.8
Leptocottus armatus 2.0 4 2.61 64 . 28.4 2.599
6.0 9 1.85 57 A
Gasterosteus aculeatus 2.0 4 3.72 78 30.4 1.216
(70°C acclimation) 6.0 4 3.08 71 3.4
Gasterosteus aculeatus 2.0 5 3.07 74 3.5 15.494%
(20°C acclimation) 6.0 7 3.06 74 34.3
Mysis oculata 2.0 5 0.041 15 - -
7.0 10 0.032 17 - -







Table 2. Treatments with corresponding number of tests, mean weight and length, and adjusted D for each species
tested. Asterisked F-values for analyses of covariance indicate with 95% confidence that the null
hypothesis is rejected. Degrees of freedom are K-1 and N-K-2 where K=number of treatments, N=total
number of tests, and 2=number of covariates.

Treatment Number Mean Mean . Adjusted
Species {°C increase/min.) of tests Weight (g) Length (mm) D(°C) F-value
Cymatogaster aggregata 0.5 10 3.93 66 29.4 115.882*
1.0 10 4.56 70 31.1
2.0 5 6.60 76 30.7 94 .844*
6.0 10 6.89 74 33.6
Oncorhynchus kisutch 2.0 5 13.9 112 30.1 151.120*
{juveniles) 6.0 10 13.0 105 31.8
Ammodytes hexapterus 2.0 5 0.68 65 27.8 3.797
~ 10.0 10 0.73 65 28.9
Blepsias cirrhosus 2.0 5 0.99 53 27.7 0.160
6.0 10 1.06 52 27.9
Leptocottus armatus 2.0 5 2.42 62 32.5 0.224
6.0 10 1.87 57 32.2
Gasterosteus aculeatus 2.0 5 3.92 79 32.0 11.867*
{10°C acclimation) 6.0 10 3.79 73 33.0
Gasterosteus aculeatus 2.0 5 3.07 74 34.9 17.451*
“{20°C acclimation) 6.0 9 3.18 75 35.8
Mysis oculata 2.0 5 0.041 15 30.1 0.139
7.0 10 0.032 17 29.9
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