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Introduction

Although much work has been carried out on the effect of temperature on
fish, very little has been done on their early larval stages. B rett (1956) gave a
brief account on the thermal requirements of fish and the effect of temperature
on their distribution. He pointed out the importance ofthe study of the thermal
requirements during the early stages of development. The present work deals
with the effect of high temperatures on larval salmonids, i. e., the early larval
stages just after hatching.

M aterial

The fish used in these experiments were the larvae of salmon (Salmo salar L.),
sea trout (Salmo trutta), and brown trout (Salmo trutta f.fario). The fish were
reared at the Dove Marine Laboratory, Cullercoats, North Shields, England.
Artificial fertilization was carried out either at the Laboratory or at the fish
hatcheries.

Methods and Apparatus

Experiments and acclimation were carried out in 6 litre glass tanks, 8-5"
long, 7" wide, and 15-5" high. Thermostatically controlled glass covered
electric heaters maintained temperatures within +0-5°C. The water was
continuously aerated by compressed air and occasionally changed either by
siphoning and replacing, or by introducing a continuous flow, or simply by
transferring the fishes to other tanks brought to the same temperature. Salmonid
larvae could live in such water for at least a fortnight without changing the
water and experiments showed that at 5°C these larvae survived for three days
(duration of experiment) at 3-5% oxygen saturation (Bishai, 1959). The fish
larvae used in all the experiments were reared at 5° to 6°C. Incubation of the
eggs took place at an average temperature of 7-5°C.

* Present address: Zoology Department, Faculty of Science, University of Khartoum,
Sudan.
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Effect of slow rise of temperature to upper lethal levels

Ten fish of each species (salmon, sea trout, and brown trout) were introduced
into the experimental tanks. The water was heated slowly from 6°C to the
desired temperature which lay between 20° to 30°C. The limit of 20°C was
chosen after preliminary experiments, which showed that the larvae of the
three species can live for at least one week at that temperature without any
apparent ill effects.

The rise of temperature from 6°C to the desired temperature took place in
4 to 6 hours, after which the temperature was kept constant. The time at which
the fish died was taken from when the desired temperature was reached.
Experiments were continued either until all fish were dead or until the experi-
ment has been running for 5 to 7 days.

Acclimation experiments

As pointed out by various authors (Huntsman, 1942; H art, 1947; Brett,
1956) acclimation increases the resistance of fish and so produces a higher
figure for the lethal temperature. Some acclimation experiments were carried
out on larvae in which the yolk-sac was not completely absorbed, as when the
fish reaches the fry stage other factors such as the availability of food will
affect the results. Consequently acclimation had to be limited to periods not
longer than 7 days. Larvae at 5°C were acclimated at 10°C and 20°C. They
were held at 10°C for five days, and at 20°C for five days (two days at 10°C,
two days at 15°C, and one day at 20°C). After acclimation fish were subjected
to high temperatures from 22°-26°C. Tests were performed at 1°C higher
temperature until two temperatures were found at one of which more than
half and at the other less than half of the species tested survived. The upper
lethal temperature is taken as the highest temperature that 50 % of the popula-
tion can withstand for 7 days (the duration of the experiment).

Experimental Results

(1) Slow heating without previous acclimation

The results of these experiments are shown in Table 1.

The results show that brown trout is the most resistant, salmon and sea
trout less so.

(i) Quick transfer to higher temperaturesfollowing varying conditions
of acclimation
The results are summarized in Table 2 which again shows that brown trout
is more resistant than salmon and sea trout. The median resistance time which
represents 50 % mortality increases with increase of acclimation temperature.

Discussion

The effect of high temperature on the survival of fish may be a direct one
by being lethal. The death of fish from heat stroke was observed in nature for
salmonids and other stream fishes by Huntsman (1942, 1946) and Bailey
(1955). Experiments showed that salmon (Salmo salar), sea trout (Salmo trutta),
and brown trout (Salmo trutta f.fario) alevins die if subjected to temperatures
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Table 1

Resistance of salmon, sea trout, and brown trout alevins
to high temperatures

Age: newly hatched larvae. Initial temperature 6°C (local tap water used). Fish brought
to the final temperature in 6 hours period. Maximum duration of experiment: 16 days
(384 hours).

Figures represent the time for 100% mortality in hours taken from
when the desired temperature was reached.

Temperature, °C
Species 28 26 25 24 23 22 20
15 144 192 216 No mortality
15 144 180 288  No mortality
15 144 200 384 No mortality

Salmo salar
Salmo trutta
Salmo trutta f.fario

W NN
~N W W

Figures represent the time for 50% mortality in hours.
Temperature, °C

Species 28 26 25 24 23 22 20
Salmo salar 1 2 10 65 120 188  No mortality
Salmo trutta 1 2 8 17 96 168  No mortality
Salmo trutta f. fario 1 5 12 65 144 288 No mortality
Table 2

Resistance of salmon, sea trout, and brown trout alevins
to high temperatures
Age: 30 days after hatching (yolk-sac partly absorbed). Alevins transferred directly from

rearing tanks to the experimental tanks (local tap water used). Duration of experiment:
7 days (168 hours).

Acclimation Time in hours for 50% mortality and 100%
temp. mortality (in parentheses) at different temperatures
Fish °C 26 2 24 22
Salmon.... 5 . 1(1-5 2 (19 3(24) 6(30) *
10 1(5) 2(10) 12 (30) * .
20 10 §12) 12 (14) 48 (144) * *
Sea trout......... 5 - 1(1-5) 17 (62) 24 (96) 24 (125) *
10 1(10)  3(12) 48 (72) * *
20 7(29) 14 (35) 60 (144) * * :
Brown trout .. 5 - 1(3) 62 (86) 100 (126) 130 (’:) .
10 12 (15) 24 (48) 72 (94) * . :
20 24 (144) 36 (168) 86 (168) *

* indicates that 50 % or 100 % mortality was not reached before the end of the experiment.

higher than 25°C. The upper lethal limit of temperature of salmonid alevins
reared at 5° to 6°C and heated slowly was barely above 23°C. Embody (1921)
found that trout lived at 25°C for 10 days and at 26-7°C for three days. Rushton
(1929) observed that 80% of salmon and brown trout fry died at temperatures
not higher than 25°C. M cGonigle (1932) found that brook trout fingerlings
die at 29°C ifheated slowly. B re tt (1952) working on salmonids (Oncorhynchus)
found that the upper lethal temperature of the fry acclimated at 5°C was
2T2°C-22'9°C. Moreover many investigators pointed out that young fish have
a greater heat tolerance than do the adults (Huntsman, 1942; Hart, 1952,
1954; Bailey, 1955, etc.).

2%
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Acclimation of salmon, sea trout, and brown trout increases their resistance
to high temperatures. The upper lethal temperature for salmon reared at
5°-6°C was 22°C but when acclimated at 10°C and 20°C it was 23°C. The
results of acclimation experiments are summarized in Table 3.

Table 3

Upper lethal temperatures (°C) of salmonid alevins at different
acclimation temperatures

Upper lethal temperature (50 % living for 7 days)
o o

Acclimation temperature 5°-6°C 10°C 20°C
Salmo salar.........eveiveevciviniicennnn, 22 23 23
Salmo trutta........... 22 23 23
Salmo trutta £.fario........cceeceveeeenenne. 22-5 23 23

This table shows that by raising the acclimation temperature by 15°C (from
5°-20°C) there is a 1°C rise in the upper lethal temperature. Fry, Brett, and
Clawson (1942) working with goldfish, found that for every 3°C rise in
acclimation temperature the upper lethal temperature rose by about 1°C.
Yearling speckled trout (Salvelinus fontinalis) showed a smaller change; a 7°C
rise in acclimation was required to produce 1°C change in the upper lethal
temperature (Fry, Hart, and W alker, 1946). This increase in the resistance
to high temperatures after acclimation has been observed by many investigators
(Hathaway, 1928; Sumner and Doudoroff, 1938; Brett, 1941, 1944, 1946,
1952, 1956; Fry, Brett & Clawson, 1942; Fry, Hart, and W alker, 1946;
Hart, 1947, 1952).

The results of these experiments show that brown trout alevins are the most
resistant to temperature changes as compared to both salmon and sea trout.
Thus migratory fish seem to have less resistance to high temperatures than is
indicated by lake or stream-dwelling ones. Fry, Hart, and W alker (1946)
and B rett (1952, 1956) pointed out that sea migratory forms (Oncorhynchus)
have considerably less resistance to low temperature than is indicated by lake
or stream-dwelling char (Salvelinus fontinalis).
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Summary

L. The upper lethal temperature for salmon, sea trout, and brown trout
alevins reared at 5°-6°C when heated slowly was 23°C. At 24°C, 50% lived for
5 days and at 20°C they could live without ill effects and without any mortality
for at least 16 days.
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2. Experiments showed that brown trout and sea trout are more resistant
to high temperatures than salmon.

3. Acclimation to higher temperatures increases the upper temperature
tolerance. The resistance of salmonid alevins with the yolk-sac appeared not
to change with age.
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