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Abstract

HUBENOVA, T. and A. ZAIKOV, 2012. Investigation on the thermal shock in pike (Esox lucius L.) fi ngerlings. Bulg. J. Agric. 
Sci., Supplement 1: 114–117

The object of the present study was to investigate the infl uence of thermal shock over pike (Esox lucius L.) fi ngerlings un-
der laboratory conditions. The experiment was carried out with 360 pike fi ngerlings (mean body weight 2.12 g, lim 1.56–3.20 
g) by using three different initial water temperatures – 3°C, 13°C, and 28°C. Visually the thermal shock was express only by 
transferring fi sh from 28° to 3°C (variant 2) and from 13 °C to 3°C (variant 3). In the conditions of the experiments, no mortal-
ity was registered in any of the variants, probably due to the relatively short infl uence of the thermal shock.
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Introduction

The water temperature in the natural habitat of the fi sh-
es varies widely. It is one of the most important physical 
factors that infl uence greatly their life cycle, distribution 
and abundance of the populations etc. (Scannell, 1992; 
Richadson et al., 1994). In most cases, changes in the wa-
ter temperature regime due to daily and seasonal weather 
changes are made gradually and are not a problem for the 
survival of the individuals when they are within their tem-
perature tolerance. In cases where temperature changes 
are rapid and sudden, fi sh change their behavior and show 
various signs of thermal stress, which sometimes leads to 
lethal end.

Elliot (1981) describes three stages of stress respons-
es of fi sh during temperature changes. The fi rst outward 
signs of stress are not readily feeding, a sudden increase in 
the activity and collisions in navigation, impaired balance, 
back and/or site swimming etc. In the second stage, the 
fi sh are calm, weak, sometimes with sudden quick move-
ments, often followed by back swimming, sometimes 
with color change, often with an increase in the respira-

tory movements. The fi sh recover fast from those two 
phases after transferring into fresh water rich in oxygen 
and a suitable temperature. In the third phase, the fi sh stop 
all movements except those of operculum’s and pectoral 
fi ns, and then die (Elliot, 1981). 

Pike (Esox lucius L.) is a widespread species that oc-
curs on three continents (Crossman, 1996). A prerequisite 
for this is its adaptability to several environmental factors. 
Szczepkowski (2006) defi nes the pike as easily adaptable 
to life in water bodies with different temperature regimes 
Data on pike’s temperature tolerance are relatively lim-
ited, especially in a sudden shock changes in the tempera-
ture. Ash et al. (1974) reported for a lethal end in pike, 
subjected to a cold shock at temperature changes from 
21.8°C to 4.9°C. According to Casselman (1978) pike 
survives in water temperature of 0.1°C but only after slow 
and gradual seasonal cooling. The author reported about 
lethal temperature of 29.4°C for juvenile pike, but under 
natural conditions, they can tolerate higher levels. 

The aim of this study is to trace the infl uence of 
shock change of water temperature on the survival of 
pike fi ngerlings under laboratory conditions. 
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Material and Methods

For all experiments a total of 360 pike fi ngerlings 
with an average body weight of 2 g and body length of 
7 cm (Table 1) were used. 

The experiments were conducted in three vari-
ants. In the first experiment the initial water tem-
perature were the fish were held was 3°C and the 
fish were placed in tanks at a temperature of 8, 13, 
18, 23 and 28 degrees (Table 2). In the second ex-
periment the initial temperature was 28°C, and the 
water in the experimental tanks, were the fish was 
placed, was in every tank with 5 degrees lower than 
in the previous one (Table 3). In the third experi-
ment the initial water temperature was 13°C and the 
pike fingerlings were placed in experimental tanks 
with lower (8 and 3°C) and higher temperature (18, 
23, 28°C) (Table 4). Before starting the experi- ments, the fish were held for 24 hours at the initial 

for each experiment temperature, respectively 3, 28 
and 13°C. 

All experiments were conducted with 10 pike in a 
double repetition for each temperature. Fish were trans-
ferred to the experimental tanks carefully, at minimum 
stress. The survival rate was monitored for a period of 
24 hours.

In all experimental tanks the amount of dissolved 
oxygen in the water was at optimum level  , ranging 
from 6.12 to 7.94 mg/l. 

After placing the fi sh from the initial tanks into the 
experimental tanks, the different water temperatures in 
them gradually fall in line with that of the air over a 
period of 8 hours (Figure 1). 

Table 1
Body length (cm) and weight (g) of the used experi-
mental pike fi ngerlings

Body length Body weight 
(TL, cm) (BW, g)

x 7.12 2.12
SD 0.59 0.51
CV,% 8.40 24.15
lim 6.3–8.3 1.56–3.20

Table 2
Initial and experimental water temperature and 
temperature differences in variant 1
Tank 
№

Water temperature Temperature 
differenceInitial

 temperature
Experimental  
temperature

1 3 3 0
2 3 8 5
3 3 13 10
4 3 18 15
5 3 23 20
6 3 28 25

Table 3
Initial and experimental water temperature and 
temperature differences in variant 2
Tank 
№

Water temperature Temperature 
differenceInitial 

temperature
Experimental 
temperature

1 28 28 0
2 28 23 5
3 28 18 10
4 28 13 15
5 28 8 20
6 28 3 25

Table 4
Initial and experimental water temperature and 
temperature differences in variant 3
Tank № Water temperature Temperature 

differenceInitial
temperature

Experimental 
temperature

1 13 13 0
2 13 18 5
3 13 23 10
4 13 28 15
5 13 8 5
6 13 3 10
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Results and Discussion

The results from the experiments show that in all 
variants there was no mortality in the framework of 
the studied shock temperature differences. Visually 
the fi sh alter their behavior only in the variants with 
the greatest difference between initial and experi-
mental temperature. 

In the fi rst experiment (Table 2) when keeping 
the fi sh at an initial temperature of 3°C the pike fi n-
gerlings were less active, and some individuals lie 
on the side. After transferring the fi sh in the experi-
mental tanks – with temperature change from 3°C 
to respectively 8, 13, 18, 23 and 28 °C, an increased 
activity was registered, but there were no any other 
abnormal reactions visible. After 24 hours all the fi sh 
are alive with normal behavior and normal swim-
ming activity.

In the second experiment (Table 3) with tempera-
ture change from 28°C to respectively 28, 23, 18, 13 
and 3°C, after placing the fi sh into the experimental 
tanks, the fi sh have a normal swimming activity with 
exception of the fi shes in tank 6, where the water 
temperature was 3°C and the difference between the 
water in the initial and experimental tank was 25°C. 
Immediately after their transfer into the low tem-
perature water (3°C) they made   sudden movements 
that gradually subside. Pike turn laterally and lie on 
the tank bottom. The fi sh move only their operculum 
(phase 3 according to Elliot, 1981). With the gradual 

increase of the water temperature in the experimen-
tal tanks in line with that of the air the fi sh rise from 
the bottom and begin to swim in horizontal position.

In the third experiment (Table 4) the initial water 
temperature was 13°C. When placed fi ngerlings into 
experimental tanks at higher temperatures (18, 23, 
28°C) there was no visible change in their behav-
ior. However, when transferring pike into tanks with 
lower temperatures a visually stress response was 
seen in tank 6, where the water temperature was 3°C. 
After placing the fi sh in these tanks, they made   sud-
den movements that gradually subside.  After 1–2 
min pike turn laterally and lie on the bottom. The 
fi sh move only their operculum ((phase 3 according 
to Elliot, 1981). Like fi shes from the second experi-
ment placed at 3°C too, with a gradual increase in 
water temperature pike rise from bottom, take their 
normal position and after 24 hours they recover 
completely without any losses.

The results obtained show that during all experi-
ments no mortality in the studied temperature dif-
ferences was observed. The reasons for this may be 
related on the one hand with the minimum handling 
stress (except thermal), to which fi sh are exposed. 
Manipulation with fi sh before their transffer into the 
experimental tanks is minimized. On the other hand, 
the stress effect of the temperature is limited in time 
because the water temperature in the experimental 
tanks was gradually increased or decreased in the 
different varians under the infl uence of the air tem-
perature in the laboratory, so under the conditions of 
the conducted experiments, the duration of the effect 
from the thermal shock is relatively short. 

Conclusions

Under the conditions of the conducted experiments 
pike fi ngerlings are able to tolerate high temperature 
differences in the range from 3°C to 28°C and from 
28°C to 3°C. Visually the thermal shock was express 
only by transferring fi sh from 28°C to 3°C (variant 2) 
and from 13°C to 3°C (variant 3). Although the pike 
fi ngerlings undergo a certain stress, which change their 
behavior, in any of the carried experiment mortality 
was registered. 
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Fig. 1. Water temperature dynamics after transferring 
fi sh into experimental tanks
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