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Abstract. The influence of ambient oxygen concentrations on random (spontaneous)
activity was tested in four freshwater tcleosts (mullet, Rhinomugil corsula, cichlid,
Tilapia mossambica, minor carp, Puntius sarana and goldfish, Carassius auratus)
at various ambient oxygen concentrations below air saturation at two temperatures
30 and 35° C. A modification of Fry's respirometer and fish activity counter was
used for the experiments. The initia! ambient oxygen gradually fell from air saturation to reach the asphyxial level (the concentration at which the fish begin to lose
equilibrium) by the depletion of oxygen due to the respiration of the fish itself.
Among the four spooies tested, only in Tilapia mossambica the random activity
decreased with decrease in ambient oxygen wkereas the other three species indicated a reverse trend. The differences in responses of random activity to ambient
oxygen may be due to a dichotomy in behavioural evolution and may bave a major
role in the survival of the species.
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1.

Introduction

Investigations on the dissolved oxygen requirements of fishes have b~on ~ontred
around temperate and sub-tropical fishes (Fry 1957, 1971 ; Doudoroff and Shumway 1970). Bohavioural ~hanges, especially that indicated by random (spontaneous) activity Of fishes exposed to various ambient oxygen conoontrations, are
important in studying energy utilisation and survival (Doudoroff and Shumway
1970). While there are several studios on the influence of ambient oxygen on
metabolism (Kutty 1968a, 1972; Kutty et al 1971a and others) and energy utilisation (Kutty 1972; K u t t y and Peer M o h a m e d 1975) the influence of ambient
oxygen on r a n d o m activity has been studied only in a few cases (Ameer H a m s a
and Kutty 1972; Peer M o h a m e d I974) booauso most of them are i~ot subjected
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to proper experimental study. This may be especially true of tropical fishes which
are more likely to be exposed to conditions of low ambient oxygen (hypoxia) and
complete lack of oxygen (anoxia) and high temperature. In Rhinomugil corsula, it
has been studied, how random activity and ambient oxygen would together influence
anaerobic energy utilisation and protein degradation. (Peer Mohamed 1974) Kutty
(1968a) has observed that a dearease in ambient oxygen correlates well with an increase in rartdom activity in goldfish and rainbow trout. This behaviour is in marked
contrast with that observed for Chanos chanos by Ameer Hamsa and Kutty (1972).
The difference in behaviour pattern of hypoxio exposure may have a special significance for survival (Ameer I-l~ms~ and Kutty 1972). In this context as well, the
present study on the influence of ambient oxygen on random activity in freshwater
teleosts will be of interest.
2.

2.1.

Materials and methods

Materials

Thirty-two mullet, Rhinomugil corsula (Hamilton) ranging in total length from
16.7 em to 19.3 om (mean: 17.5 era) and in weight from 33.9 g to 53.1 g (mean:
40.0 g) ; twenty ciohlid fish, Tilapia mossambica (Peters) ranging in total length from
12.1 cm to 17.3 em (mean : 14.8 cm) and in weight from 21.9 g to 64.6 g (mean :
39.6 g); nine minor carp, Puntius sarana (Cuvier and Valenciermes) ranging in
total length from 16.4 cm to 17.1 cm (mean: 16.7 cm) and in weight from 50.5 g
to 60.3 g (mean : 55.6 g) ; and nine goldfish, Carassius auratus (Linnaeus) ranging
in total length from 12.70m to 16-6cm (mean: 14-9cm) and in weight from
26.6 g to 62.1 g (mean : 54.5 g) were used in the present study. Except for goldfish all the species studied are among important food fishes of India.
Experimental fish were acclimated to f~eshwater at 30 + I ° C and 35 + I ° C
for at least 15 days before experimentation, and tested under acclimation temperature. Before experiments, the fish were starved for 36 hr (Fromm 1963;
Beamish 1964; Kutty 1972).
2.2.

Apparatus

A modification (Kutty et al 1971b) of Fry's respirometer (Fry and Hart 1948;
Smit 1965) was used for the present experiments. Mainly it consisted of two
units, an electronic count.or and a transparent 'Perspex' annular respirometer
having a capacity of 3 litres. When the fish moved it cut the light beams focussed
on photocells in the centre of the annulus and the event was recorded by the
electronic counter. The design of the respiromet~r was such that the diffusion
of gases into and out of water in the respirometer was miaimised (more details
of the apparatus are given in Kutty et al 1971b).
2.3.

Experimental procedure

Each experiment consisted of 3-8 runs each of 1 hr in duration, except the last
run in which the fish was allowed to reduce the ambient oxygen, until it was
asphyxiated (loss of equilibrium) when the respirometer remained closed. Deoarbo-
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nated water of controlled pH (Bosworth et al 1936; Kutty 1968a) was used for
the experiments as explained in Kutty et al (1971a). At the start of the experiment, initial water sample was collected and circulation of water through the
respirometer was cut off. After an interval of 1 hr final sample was collected.
The figure in the activity counter was recorded, immediately after each sampling.
After collecting the final sample of the first run, the respirometer was not flushed
but approximately 75 ml of decarbonated water was circulated once or twice
through the respirometer. The overall time for sampling and adding water was
2 min. To avoid using the correction factor for the initial oxygen cona~ntration
of second and consecutive runs, the above-mentioned procedure was followed.
Daring the last run, the final sample was collected only after the fish reached the
asphyxial level, as indicated by the beginning of equilibrium loss of the fish. Then
the respirometer was flushed with air-saturated decarbonated water to revive the
animal.
Dissolved oxygen was estimated by using the unmodified Winkler technique
(APHA 1955) and the size of the sample used for each determination was 50 ml.
The activity was counted by the difference between the initial and final figures
of the counter, noted after each sampling.

3.

Results

The influence of ambient oxygen on random activity in R. corsula, T. mossambica,
P. sarana and C. auratus acclimated to and tested at 30 and 35° C are graphically

shown in figures 1 and 2 respectively.
In R. corsula there is striking similarity in the patterns of data obtained for
fish at 30 and 35° C. In both temperatures random activity remained steady
(about 12 eounts/hr) between 6 and 3 mg O2/1 and subsequently there was an
increase in random activity with decrease in ambient oxygen, the maximum activity
(40 counts/hr) being at the lowest mean level of oxygen tested (1.0 mg O2/1). The
levels of activity of 30 and 35° C at different ambient oxygen concentrations ar~
about equal. The activity patterns show that a decrease in ambient oxygen
correlates well with an increase in random activity. In T. mossambica, the random
activity in relation to ambient oxygen decreased with decrease in ambient oxygen
at both 30 and 35° C, the trend for decrease being clearer at 35 ° C. As in other
species described above, the trend lines of activity in P. sarana at both temperatures are similar. At 30°C the general trend of activity during high ambient
oxygen (air saturation) is almost double that of 35 ° C. The maximum mean
random activity recorded was 117 counts/hr during hypoxic phase at 30 ° C. At
both temperatures random activity increased with decrease of ambient oxygen,
as in R. corsula. At high ambient oxygen (5 mg O2/1), in C. auratus, the random
activity was high and decreased slightly with decrease of ambient oxygen and
again increased at 2-3 mg O2/1 and decreased again, but none of these changes in
activity is significant (figure 1 D), at 30 ° C. At 35 ° C th0 activity increased with
decrease of ambient oxygen and the highest activity (about 40 counts/hr) was
observed at the lower level of ambient oxygen (below 1 mg OJl).
P. (B)--3
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Figure 1. Random activity in relation to ambient oxygen below air saturation
in mullet, (A) Rhinomugil corsula, cichlid fish, (B) Tilapia mossambica, minor carp,
(C) Puntius sarana and. goldfish, (D) Carassiusauratus acclimated to and tested at
30° C. Ambient oxygen was reduced by the respiration of the fish itself. The
experiment was terminated when the test fish lost its equilibrium (asphyxiation). Each
value plotted is a mean ( + S.E.) of 10 determinations. Standard error is not
indicated if it faUs within the area of the symbol shown in the figure.

4. Discussion
It was pointed out that a m o n g the four species tested T. mossambica alone showed
decrease in r a n d o m activity on exposure to low oxygen, whereas the other three
species indicated the raverse trend, in c o m m o n with the activity-ambient oxygen
trends described earlier for goldfish and rainbow trout by Kutty (1968a). Ameer
I-Iamsa and Kutty (1972) studied r a n d o m activity of five marine teleosts and
observed that in four species the activity inoreased with the decrease in ambient
oxygen. The milkfish, Chanos chanos, displayed lower activity at the lower oxygen
concentrations. This difference in behaviour on hypoxie exposure may have a
special significance for survival (Ameer H a m s a and Kutty t972). In one case,
increased activity induced by hypoxia might allow the fish to move out of the
hypoxie environment to more oxygenated waters, as in the case of mullet,
Puntius and goldfish and the four marine teleosts reported by Ameer H a m s a and
Kutty (1972). In the other, decrease in activity under hypoxio exposure, though
it may not lead the fish to escape, would allow it to conserve energy. With some
toleranea to low oxygen, the limited source of oxygen and energy concerned might
be of value, in survival. Th0 latter group is exemplified by 7". mossambica (present
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Figure 2. Randomactivityin relation to ambient oxygenin (A) Rhinomugil corsula
(B) Tilapia mossambica, (C)Puntius sarana and (D) Carassius auratus acclimated
to and tested at 35° C. See legend to figure 1 for further explanation.

study) and the milkfish, C. chanos (Ameer Hamsa and Kutty 1972). These differences in responses of random activity to ambient oxygen may have resulted due
to a dichotomy in behavioural evolution and may have a major role in the survival
of the species.
Changes in random a~tivity of mullet, R. corsula, under the hypoxic phase
(decline of oxygen until asphyxial concentration is reached)and recovery (in
water near air saturation) was also demonstrated recently (Kutty and Peer
Mohamed 1975) and the random activity curves are almost mirror-imaging the
curves of ambient oxygen changes with time of experiment. In T. mossambica
random activity, which was reduced under hypoxia, increased immediately on
exposure of fish to water near air-saturation (Peer Mohamed 1974).
The observations made may have been influenced by the specific experimental
techniqu~ employed. Ideally dissolved oxygen should have been stripped gradually from the inflow water in a continuous flow system as was done in low oxygen
experiments on actively swimming fish (Ku~y 1968b). It is, however, believed
that since the experimental conditions for all the species tested are identical, the
results obtained are acceptable, especially in view of the repeatability of the results
and agreement of the results with other, though non-quantifed, observations
during the rearing and handtJng of the fishes studied presently.
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