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Abstract: Fish  have  long  been  valued  as  excellent  indicator  of  water  quality.  Each type of fish has its

own  fatal  temperature,  the  temperature  at  which  it  will suffer heat death. Rapid temperature changes

produce  thermal  shock  or  stress.  In  the  present  study,  the  catfish  Mystus  gulio  (Hamilton)  was exposed

to different temperature treatments i.e. 20, 25, 28, 30 and 35°C and the behavioural, biochemical and

physiological   responses   were   observed   on   24,   48,   78   and   96   hrs   of   continuous   exposure. At

higher  temperature  of  exposure,  M.gulio  showed  an  increase  in  opercular  beats  and  the  number  of

visits to the surface per hour while the oxygen consumption rate, the time  taken  for  asphyxiation,  tissue

protein  and  tissue  glycogen showed a decrease. The amount of tissue glycogen in M.gulio after 24 hrs of

exposure to the temperatures, 20, 25, 28, 30 and 35°C were 3.25, 3.10, 2.85, 2.65 and 2.50 mg/g respectively.

The fish also exhibited the following behavioural changes, fast jerky movements, turning upside down,

restlessness and erratic movements. However, the fish in the room temperatures, i.e., 28°C did not show much

variation in their activities.
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INTRODUCTION

Environmental stress causes a variety of detectable

and recognizable behavioural changes in fish. The

behavioural  changes  constitute  an  index  to  measure

the toxicity of any toxicant. The behavioural and

physiological changes including the changes at cellular

level in several fish species under different experimental

and natural conditions were reported . Extensive and[1- 7]

intensive works have been done in physiological

mechanisms during thermal adaptation in poikilotherms

in relation to temperature compensation . Ventrilatory[2 ,8]

responses mainly serve to increase the total amount of

oxygen brought  into  contact with the gas exchange

surfaces  and  are  also  good  indicators  of  stress[9]

situation  in fish. With this background, an attempt is

made in this study on the rate of opercular activity,

asphyxiation and behaviour studies viz., swimming

behaviour, surfacing behaviour, respiratory behaviour and

tissue protein and glycogen contents in Mystus gulio

subjected to temperature stress.

MATERIALS AND METHODS

Mystus gulio, the long-whisker’s catfish belonging to

the family Bagridae, order Siluriformes, locally called

uppang keleethe  was chosen as an experimental animal.[10]

The fish of an average length of 21.81±1.98 cm and a

mean weight body weight of 40.73±2.03 were collected

from the Fisheries Department, Anaicut, Tamil Nadu and

were  transported  in  oxygenated  polyethylene bags to

the laboratory. The fish were regularly fed with chopped

earthworms and small pieces of fish adequately. The food

found unused by fish was cleared periodically from the

culture tank. During acclimatization period, the tank was

cleaned periodically to avoid infection of fish and sprayed

with 1% potassium permanganate to eliminate any

bacterial or fungal infection.

The experiments were carried out with the help of

small glass tanks of 15 litres (2’L×1.5’B×1.5’H) capacity

in which an iron wire gauge was used to cover the tanks

at the surface level of the water to avoid aerial respiration

and  jumping  away  of  fish  from  the  tanks.  To  provide
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proper supply of oxygen, an aerator was used. The fish

were  divided  into  five batches with 10 numbers each.

The first two batches were exposed to lower temperatures

i.e.  at  20°C  and  25°C.  The  third batch was maintained

at room temperature at 28°C. The  fourth  and  fifth

batches were subjected to higher temperatures i.e. at 30°C

and 35°C.

Preliminary observations for a period of 24, 48, 72

and 96 hrs were made to have an idea of the behavioural

patterns of the experimental animals. The behavioural

patterns were studied into the following categories viz.,

swimming behaviour, surfacing behaviour and respiratory

behaviour, including opercular movements and rate of

oxygen consumption and asphyxiation period were

recorded with respect to different temperatures. The level

of protein and glycogen in the tissues of fish in each set of

experiment were also analysed using standard methods.

RESULTS AND DISCUSSION

During the course of experiment, observations were

made  to  know how the animal reacts to the thermal

stress. Temperature is one of the most fundamental

environmental stressors, altering almost all biological

processes through its action on basic chemical reactions

supporting physiological processes. In the present study,

the opercular beats increased with the increasing

temperature (Table 1). The initial increase in opercular

movement to the temperature variations in the medium

was a primary response to sudden stress. Similar

conditions were reported during the exposure of Channa

striatus to a carbamate pesticide  and the opercular beats[11]

increased with the increasing concentrations of fertilizer

in  Oreochromis  mossambicus .  Oxygen consumption[12]

of thermal treated fish showed an initial increase with

lower temperatures and a decrease with the increasing

temperatures (Table 1). The reduced oxygen consumption

could be attributed to gill damage or to hypochronic

microcytic anemia . Reduced oxygen consumption at[13]

higher temperature could also arise as a result of

respiratory inhibitory factors that come into play  in[14]

Mystus gulio under heavy metal pollutions.

Oxygen consumption and opercular activity of the

fish were thermal stress dependents. The initial increase

of oxygen uptake is probably to meet energy demand

during early periods of exposure, which was followed by

gradual decrease in oxygen up taking during the later

period of exposure, which may be due to onset of stress.

In order to meet the increased demand for oxygen by the

tissues, opercular activity is enhanced but this too has a

limit beyond which the activity stops resulting in the

death of the animal.

Table 1: Effects of tem perature on opercular beats and oxygen

consumption of M.gulio

Period of  Opercular Oxygen

Sl. Temp. of exposure beats consumption

No. water (°C) (hrs) (No./min.) (mg/g/h)

1 20 24 120.20±0.24 0.96±0.07

48 117.60±0.21 0.96±0.06

72 117.00±.0.17 0.99±0.08

96 114.40±0.25 0.99±0.04

2 25 24 132.60 ±0.27 0.97±0.07

48 132.60±0.19 0.96±0.08

72 134.20±0.24 0.91±0.08

96 135.00±0.17 0.91±0.07

3 28 24 125.20±0.25 0.97±0.07

48 124.00±0.20 0.97±0.04

72 124.60±0.25 0.98±0.05

96 125.00±0.29 0.93±0.08

4 30 24 141.40±0.29 0.81± 0.04

48 137.20±0.23 0.87±0.07

72 136.20±0.29 0.88±0.02

96 134.60±0.25 0.89± 0.03

5 35 24 210.40±0.76 0.50±0.06

48 216.60±0.88 0.43±0.03

72 213.60±0.88 042±0.02

96 216.40±0.82 0.41±0.08

(Each value represents the mean ± SEM)

Table 2: Effect of temperature on surface visits and asphyxiation of M.

gulio 

Period of  Visits to the Time taken

Temp. of exposure surface for

S. No water (°C) (hrs) (No./hr) asphyxiation(hrs)

1 20 24 16.08±0.18 178.80± 0.57

48 16.00±0.22 177.00± 0.43

72 14.60±0.21 177.60± 0.42

96 13.80±0.18 176.00± 0.40

2 25 24 14.80±0.36 182.00± 0.67

48 12.60±0.29 181.00± 0.69

72 13.00±0.34 180.20± 0.58

96 12.20±0.38 177.60± 0.62

3 28 24 14.60±0.33 189.00± 0.57

48 14.40±0.33 191.00± 0.49

72 14.80±0.32 189.20± 0.39

96 15.40±0.21 190.80± 0.41

4 30 24 18.60±0.58 126.60± 0.69

48 17.80±0.60 124.60± 0.78

72 19.60±0.59 122.60± 0.65

96 19.40±0.59 125.40± 0.60

5 35 24 26.80±0.41 91.00± 0.49

48 27.20±0.38 89.20± 0.45

72 27.80±0.35 90.80± 0.39

96 27.60±0.37 90.80± 0.41

(Each value represents the mean±SEM)

Fish, which depend mainly on gill breathing, do not

asphyxiate for any length of time if kept submerged. On

the other hand, air-breathing fish, particularly the obligate

air-breathers  show  distress  when  prevented  from

gulping air . The time taken for asphyxiation varies with[15]

different genera of fish primarily due to environmental

conditions of the water used . In the present study the[16 ,17]

time  taken  for asphyxiation varies in relation to different
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Table 3: The total protein content and total glycogen content of

muscles of M.gulio exposed to various temperatures.

Period of Protein Glycogen

Sl. Temp.of exposure content content

No. water (°C) (hrs) (mg /g) (mg /g)

1 20 24 23.50±0.13 3.25±0.12

48 22.10±0.10 3.10±0.09

72 21.10±0.08 2.90±0.08

96 19.75±0.09 2.50±0.13

2 25 24 22.25±0.14 3.10±0.11

48 21.75±0.16 2.95±0.10

72 20.25±0.10 2.35±0.09

96 19.25±0.08 1.90±0.08

3 28 24 22.00±0.12 2.85±0.11

48 21.25±0.08 2.50±0.13

72 20.50±0.11 2.65±0.13

96 20.25±0.10 2.25±0.12

4 30 24 21.50±0.09 2.65±0.13

48 20.40±0.12 2.35±0.15

72 1810±0.08 1.70±0.14

96 15.25±0.06 1.50±0.16

5 35 24 20.20±0.10 2.50±0.15

48 19.50±0.07 1.95±0.13

72 16.50±0.12 1.15±0.16

96 15.25±0.07 0.50±0.10

(Each value represents the mean±SEM)

temperature exposures (Table 2). It is therefore clear that

asphyxiation is influenced by several environmental

factors in M.gulio.

The species of fish behave differently in different

temperatures. In the present study, immediately after

transfer to the higher temperatures, the fish became

hypersensitive and showed a rapid rate of opercular

movement  accompanied by occasional gulping of air.

The higher the temperature, the more  pronounced  was

this behaviour. M.gulio exhibited fast jerky movements,

turning upside down, restlessness and erratic movements.

After several minutes of exposure the fish lost their

equilibrium. They were suspended with complete

cessation of movements.

M.gulio is a facultative air breathing fish, which

surfaces  periodically  to  acquire  atmospheric  oxygen.

The surfacing behaviour of M.gulio is altered by

environmental stress. In the present study M.gulio

exhibited an increasing rate of surfacing with an

increasing  temperature  (Table  2).  Such  surfacing might

be to procure a definite proportion of its oxygen

requirements from the atmosphere . It was noted that in[18]

lower  temperature the fish was able to maintain its

normal swimming activities. As the temperature

increased, a change in the swimming behaviour and

opercular activity was noticed. On introduction to higher

temperature medium the fish showed an abnormal

behaviour, it swam rapidly and tried to escape from the

medium, jumping again and again, often surfacing and

darting movements were also observed. Such a fish

exhibited restlessness. Such behavioural changes may be

due to osmotic which affects the nervous system .[19]

The glycogen content was observed in the decreasing

order with increasing temperatures and with more

exposure periods the glycogen content was found to be

declining (Table 3). Because of the stress, the fish makes

suitable adjustments for which the stored energy is

utilized. This may be the reason for the decreased amount

of glycogen content . Similar to glycogen, the protein[20]

content in the muscle of M.gulio was also decreased with

increasing temperatures. Even with the same temperature,

longer exposure resulted in decreased amount of protein

content, which indicates that the tissue protein undergoes

proteolysis. In conclusion, it is very clear from the

observations, that the temperature variation affects the

activities and biochemical constituents of muscle of the

catfish, M.gulio.
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