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An understanding of biotic and abiotic factors which affect  the
metabolic rate, growth and survival of fishes can be applied to the practices
of fishery management and this can also be used as a means of assessing
the responses of the fishes to environmental conditions. In culture practices
there is a possibility of reducing the energy costs to a minimum and achieving
food‘ conversion to an optimum level. This can be carried out through an
understanding of environmental and biological factors which affect the meta-
bolic rate, with a view to reduce the demands on the system thereby in-
creasing the rate of production. The rate of metabolism is directly or
indirectly influenced by biotic (activity, weight, sex, age, oxygen  debt,
condition, starvation and diet) and abiotic factors (temperature, salinity,
oxygen, carbondioxide, ammonia, pH, photoperiod, season and pressure) and
among them ambient oxygen, temperature and activity exert the greatest

influence on metabolism.

Like other poikilotherms, fishes do not have a definite basal metabolic
rate. But it is possible to calculate the energy consumption very accurately
during the metabolic activity from the rate of oxygen consumption, independ-
ently of the size of the respiratory quotient. The metabolic rate or rate
of expending energy is of major importance because it affects the speed
of all metabolic processes and reflects the loss of energy of fish and con-

sequently their food requirements.

Studies on active metabolism are of great scientific and practical
interest and the active metabolic rate of fish is far more sensitive to the

availability of environmental oxygen. The metabolic rates can be estimated



from the subsequent measurements of oxygen consumption, carbondioxide
production and ammonia excretion. The oxygen consumption and the carbon
dioxide output are necessary for estimating respiratory exchange ratio or
respiratory quotient (R.Q.) which can be used to judge the anaerobic capa-
cities of fishes. The magnitude of the R.Qs over unity under low oxygen
conditions is indicative of the intensity of anaerobic metabolism. The
anaerobic abilities of many fishes are not known, because most of them
are not subjected to proper experimentation. Anaerobic metabolism and
its link with protein utilization can be calculated from the measurements
of R.Q. and ammonia quotient (A.Q.). Protein degradation is reflected

in the changes in A.Q. values.

The end product of protein metabolism is taken as ammonia and
its production is of use to fish under anaerobiosis. @ When the supply of
oxygen is not sufficient to meet the minimal energy demands of essential
functions, fishes suffocate in natural condition when their well oxygenated
water body is confronted with oxygen deficient water. In such conditions,
some fish seem to become more passive and some more active thereby
establishing a dichotomy in behaviour of fishes. Thus the decrease in ambient
oxygen from air saturation down to the asphyxial oxygen level can cause
different behavioural responses which have a major role in the survival

of the species.

Lates calcarifer (Bloch) commonly called as sea bass/bhetki/giant

perch/barramundi is one of the commercially important marine food fishes

which also thrives in brackish water and freshwater. It is widely distributed



in tropical and sub-tropical waters of the Indo-west Pacific (Katayama and
Taki, 1984). This large centropomid species with a 'delicate-flavoured'
flesh is a euryhaline, eurythermal, catadromous, highly predacious and protand-
rous hermaphrodite which grows to a comparatively large size. Young ones
spend most of their growing period in freshwater such as rivers, lakes ete.
which are connected to the sea but the adults migrate to the sea, where
the salinity range is 30 to 32%, for gonadal maturation. Subsequently they
spawn according to the lunar ecycle and the larvae migrate further upstream
for growth. The distribution pattern of different life stages is diverse in
various ecosystems such as coastal waters, estuaries, lagoons, brackish waters

and even in freshwater (Ghosh, 1973).

The giant perch is a carnivorous species and judging by its commercial
value, this may be cultured in brackish water impoundments by providing
trash fishes and uneconomic varieties of prawns as food. However, it is
very important to know the physiological peculiarities of a particular species
in order to develop a scientific basis for fish culture and management.

In regard to Lates calcarifer, the information available is scanty. So the

present investigation was undertaken to determine the physiological peculia-
rities of this species, in relation to different environmental factors and

to understand the manner in which they adapt themselves to different media.

Only the young ones of sea bass with total length ranging from 7
to 17 em were used for the present study because this is a critical stage
at which they will enter the estuary, and also because this is the optimum

or ideal size for stocking in culture programmes. In this species, all fishes



would be immature below a total length of 46 cm (Moore, 1979) and the

young ones would be more active and osmotically efficient than adults.

Though distributed throughout the coast, in India, sea bass does not
contribute much to the total fish landings except in certain areas in the
northeast like Chilka lake, Hooghly-Matlah estuary etc. Since the capture
fishery resources are limited, the alternative is to develop culture technology
for this species (Kuldeep, 1991). It is expected that the results of the
present investigation will throw some light on the metabolic adaptability
of the young ones of sea bass which has immense potential for application
in culture operations. Because of the relatively high market value, this
fish has become an attractive commodity of both large and small scale

aquaculture enterprises.

The details of the present study is descriptively documented in
different chapters beginning with the Preface and Introduction, moving through
Material and Methods, Results and Discussion, and finally coneluding in

a Summary followed by a Bibliography.



II. INTRODUCTION




Bioenergetic studies are of fundamental importance to the advance
of aquaculture. Most of the earlier studies were based on the measurements
of oxygen consumption, on the assumption that all fishes are obligate aerobes
and that a measure of oxygen consumption is always a measure of metabolic
rate (Fry, 1957; Kutty, 1966). Although anaerobic habitats had been recog-
nized for a very long time, the diverse nature of the metabolic adaptations
concerned with life under these conditions had been emphasized only quite
recently (Hochachka and Somero, 1973; Hochachka, 1980). Now it is clear
that a spectrum of organisms exist ranging from, the stable aerobic forms
with restricted capacities for oxygen debts to the facultative and obligate
anaerobes.  Investigations on the dissolved oxygen requirements of several
fishes have shown that most of the fishes have the ability to sustain complete

or partial lack of oxygen (Blazka, 1958; Peer Mohamed and Kutty, 1981).

A wealth of information has been contributed on the energy metabolism

of several species such as gold fish, Carassius auratus (Fry and Hart, 1948;

Beamish and Mookerjii, 1964; Smit, 1965; Kutty, 1968a,b; Smit et al.,, 1977;
Kutty and Peer Mohamed, 1975; and Peer Mohamed and Kutty, 1980); sockeye

salmon, Oncorhynchus nerka (Brett, 1962, 1964 and 1973); rainbow trout,

Salmo gairdneri (Rao, 1968; Kutty, 1968a,b, and Webb, 1971); mullet

Rhinomugil corsula (Peer Mohamed, 1974; Kutty and Peer Mohamed, 1975;

Peer Mohamed and Kutty, 1980; Sukumaran and Kutty, 1987); cichlid, Tilapia
mossambica (Karuppannan, 1972; Kutty and Peer Mohamed, 1975; Peer
Mohamed and Kutty, 1980 and 1981; and Peer Mohamed, 1981b); minor

carp, Puntius sarana (Peer Mohamed, 1974; Kutty and Peer Mohamed, 1975;




Peer Mohamed and Kutty, 1980); cray fish, Cherax destructor (Head and

Baldwin, 1986); and pumpkin seed, Lepomis gibbosus (Brett and Sutherland,

1964). But the information available on sea bass is inadequate. Hence
there is a need for documentation of such information on this eurythermal

species especially in view of its importance as a cultivable warm water

species.

For fish culture practices in ponds, pens and cages, sea bass is con-
sidered to be the most important species in view of its excellent quality
as a table fish. This p‘articular species was selected as the test animal
for the present study in order to understand its metabolic adaptability in
different environments - marine, brackish and freshwater.  Though consider-
able information had been accumulated on different aspects of this species
viz. distribution (Greenwood, 1976; Hiroshi Kohno et al., 1986; Kasim and
James, 1987); biology and ecoloy (Jhingran and Natarajan, 1969; De, 1971;
Patnaik and Jena, 1976; Nacario, 1985; Kungvankij and Suthemechaikal,
1986); age and growth (Ghosh, 1971; Ghosh and Roy, 1977; Saha et al.,
1978; Mukhopadhyay and Karmarkar, 1982; Reynolds and Moore, 1982; Davis
and Kirkwood, 1984; Kosutarak and Watanabe, 1984a); food and feeding
(Patnaik and Jena, 1976; Maneewong and Ruangpanit, 1977; Mukhopadhyay
and Karmarkar, 1981, 1982; Maneewongsa and Tattanon, 1982a; Chou, 1984;
Kosutarak, 1984; Davis, 1985b); culture (Arsjad, 1982; Aure, 1982; Awang,
1982; Pietersz, 1983; Banno and Amar, 1984; Young, 1985; Kungvankij et al.,
1986; James and Marichamy, 1987); production (Maneewong et al., 1977;
Maneewong et al., 1981; Sakaras and Sukbanteang, 1984; Kungvankij and

Suthenmechaikal, 1986); reproduction (Patnaik and Jena, 1976; Kowtal, 1977;



Moore, 1982; Davis, 1984, 1985a; Harvey and Nacario, 1985; and Kuldeep
Kumar, 1991); larval development (Ghosh, 1973; Patnaik and Jena, 1976;
Kowtal, 1977; Mukhopadhyay and Verghese, 1978; Ghosh and Pandit, 1979;
Moore, 1980, 1982; Barlow, 1981; Chan, 1982; Maneewongsa and Tattanon,
1982b; Moore and Reynolds, 1982; Russell and Garrett, 1983, 1985; Kosutarak
and Watanabe, 1984b; Kosutarak et al., 1984; Davis, 1985a; Hiroshi Kohno
et al.,, 1986); availability of the seed (Mukhopadhyay and Verghese, 1978;
Maneewong et al., 1984); acclimatization (Rajyalakshmi and Reddy, 1984);
pigmentation (Mukhopadhyay et al., 1983); migration pattern (Moore and
Reynolds, 1982); genetic variations (Khuda - Bukhsh, 1979; Shaklee and Salini,
1985); parasitic fauna (Ruangpan, 1982; Leong and Wong, 1986; Wong, 1986);
diseases (Limsuwan et al., 1983; Chao, 1984; Danayadol and Buranapanidgit,
1984; Danayadol et al., 1984; Bagarino and Kungvankij, 1986); sex inversion
(Moore, 1979); fecundity estimation (Davis, 1984); tag shedding (Davis and
Reid, 1982) ete., the present work appears to be the first record on energy

metabolism of this species.

Extensive studies were made on the dissolved oxygen requirements
of fishes belonging to temperate and subtropical waters (Doudoroff and
Shumway, 1970; Fry, 1971; Smit et al., 1971). However, very few attempts
have been made on tropical fishes, especially the influence of ambient oxygen
on their random activity (Hamsa and Kutty, 1972; Peer Mohamed, 1974
and 1981a,b; Peer Mohamed and Kutty, 1980 and 1981) despite the fact
that in nature they are often subjected to hypoxic (low ambient oxygen)

and anoxic (lack of oxygen) conditions at high temperatures. The influence



of low ambient oxygen on metabolism was described in goldfish and rainbow

trout (Kutty, 1968 a,b); in Tilapia mossambica (Kutty et al.,, 1971; Kutty,

1972); in some freshwater teleosts (Peer Mohamed and Kutty, 1980) and

in fry and fingerlings of Chanos chanos and Mugil cephalus (Usha Devi,

1987).

A glance through the literature reveals the difficulty and limitations
in the accurate measurements of total carbondioxide. Few workers had
used the gas extraction and measurement technique (Kutty, 1968a; Kutty
et al.,, 1971) but of late some physiologists have followed the distillation
and titration technique with the help of Maros-schulek's apparatus (Maros
et al., 1961; Kutty et al., 1971; Peer Mohamed, 1974 and 1982; Pecer Mohamed
and Kutty, 1983). For the present study, a direct titrimetric method was
employed as described by Stroganov in 1962 (Kutty, 1970, 1971; Usha Devi,
1987) and decarbonated water was used as the experimental medium as

described by Kutty (1968a) and Peer Mohamed (1974).

Knowledge of intermediary metabolism in fishes is fragmentary
(Gumbmann et al., 1958; Drummond and Black, 1960; Ekberg, 1962). Anaerobic
metabolism and its relation to protein utilization were studied in detail
from the simultaneous measurements of respiratory quotient and ammonia
quotient in different species by Kutty (1972), Karuppannan (1972), and Peer
Mohamed (1974). Detailed investigations have been carried out on the res-
piratory quotients of fishes (Provencal and Humboldt, 1809; Grehant, 1870;
Jolyet and Regnard, 1877 a,b; Knauthe, 1898; Zuntz, 1901; Bounhiol, 1905;

Gardner and Leetham, 1914; Gardner et al.,, 1922; Gardner and King, 1923;



?Bosworth et al., 1936) but the influence of ambient oxygen on respiratory
‘quotient and ammonia quotient was reported only by Kutty (1968a and 1972);
~Karuppannan (1972); Kutty et al. (1971); Kutty and Peer Mohamed (1975);
‘Peer Mohamed and Kutty (1981). Kutty (1968a,b) studied the changes of
respiratory quotient in relation to activity and duration of exercise in gold
fish and rainbow trout. Under high ambient oxygen concentrations, respiratory
quotient near unity is usually maintained by the fish indicating that it was
utilizing energy aerobically. The ammonia produced may be of advantage
to fish under anaerobiec condition (Prosser and Brown, 1961; Garcia Romeu
and Motais, 1966; Kutty, 1972; Karuppannan, 1972; and Peer Mohamed,
1987) in acid-base regulation and iono-osmotic regulation. From the measure-
ment of ammonia excreted by the fish, the involvement of protein in meta-

bolism was found out.

The water temperature has a determinant influence on the oxygen
demand of fish. Because of the scarcity of information on fish energetics
mainly under tropical conditions, high ambient temperatures of 30 and 35°C

were considered.

The activity of the fish also has a tremendous influence on metabolism.
Since the fishes are neither continuously resting nor persistently active,
it is necessary to determine the metabolic cost for intermediate levels
of some well defined activity (Brett, 1962). Behavioural changes, especially
those indicated by random (spontaneous) activity of fish exposed to different
ambient oxygen concentrations are important in studying energy utilization

and survival of the species (Doudoroff and Shumway, 1970; Peer Mohamed,

1987).
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Generally it is noted that although there are studies on respiratory
metabolism, locomotory metabolism, certain aspects of substrate utilisation
and end product accumulation and disposal, no detailed study has been carried
out on the total metabolism of fish with special reference to energy utili-
zation in relation to the activity of the fish except the contributions of
Kutty and Peer Mohamed (1975) and Sukumaran and Kutty (1987). The main
objective of this attempt is to obtain a comprehensive picture of energy

utilization of Lates calcarifer from the measurements of oxygen consumption,

carbondioxide output and ammonia excretion by exposing the fish to different
levels of oxygen (from air saturation down to asphyxial level), varying tem-

peratures (30 and 35°C) and salinities (30% , 15% and 0% ).



*
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II. MATERIAL AND METHODS ]
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a. Experimental fish

The sea bass, Lates calcarifer (Bloch) was chosen as the test fish

and, the young ones were subjected to the present study. The fish were
collected from brackish waters in and around Cochin - mainly from Puduvyppu
an island about 45 kilometres north of Kochi by road. The young fish
were captured during the periods extending from May to August and from

November to December.

221 fishes ranging in total length from 7.0 to 17.0 em and weighing
from 5.00 to 80.7 g were used. Details of the fish used for all the experi-

ments are given in Table 26.

b. Maintenance of fish-stock

Fish were initially maintained in 300 1 capacity rectangular fibre-
glass stock tanks in the laboratory for 10-15 days. Fish were reared in
the same salinity from which they were collected. The stoek tanks were
aerated continuously by compressed air through air diffusers to maintain
the dissolved oxygen concentration near air saturation. The salinity of

the water in the stock tanks were checked periodically and the water was

changed twice a week.

Fish were acclimatized to sea water (30%), brackish water (15%)
and freshwater (0%) by 'Drip method' (Plate 1). Five to ten young fish
were kept in a rectangular perspex holding tank (20 1 capacity) having an
outlet (3 mm) at the lower side. Polythene tube was fixed to the outlet

and arranged in such a way (inverted 'U' shape) that whenever the water
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level in the tank increased, the water above the tube bend flushed out
through the tube. Desired experimental medium (sea water/brackish water/
freshwater) was kept in another 70 1 capacity perspex rectangular tank
which was nearly 2 feet above the holding tank. The water from the upper
tank dripped to the holding tank through a rubber tube. The water drip
was regulated by an adjustable pinch-cock. Compressed air was bubbled
through air-diffusers in both the tanks to maintain the oxygen concentra-
tion near air saturation and to mix the experimental medium in the holding
tank. When the water dripped into the holding tank it mixed vigorously
and the excess water was flushed out as explained earlier. This method
was found suitable because of the gradual increase/decrease in salinity;
it could be easily adapted to by the fish since the change in salinity was

within the 'zone of tolerance' (Perry et al., 1984).

c. Acclimation

Healthy fish of similar size were transferred into the acclimation
tank (Plate 2 and 3) of 70 1 capacity containing sea water/brackish water
freshwater. Five to ten fish were kept in each tank for about a week
prior to the experiment. The acclimation tanks were provided with continuous
aeration through air diffusers in order to maintain the dissolved oxygen
concentration near air saturation. Since the toxicity of exereted ammonia
is well known (Black, 1957; Kawamoto, 1961; Burrows, 1964), a biological

filtering unit (Saeki, 1958; Kawai et al., 1965; Hirayama, 1974; Bower and
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Bidwell, 1978; Kutty et al., 1976; Karuppannan, 1972; Peer Mohamed, 1974;
and Usha Devi, 1987) used here, removed the suspended dirt and ammonia

excreted by the fish.

The temperature of the acclimation tank was controlled by thermo-
static relays (Jumo thermometer relays). Temperature change in the acecli-
mation tank was effected by a daily increase of 1°C, till the desired tem-
perature was reached (Fry, 1957; Beamish, 1964; Mukhopadhyay and Kar-
markar, 1981). All the experiments were done at the temperatures in which
the fish were acclimated. The acclimation tank was partitioned by using
an adjustable framed nylon netting so that fish to be experimented remained

separated from others (Plate 2 and 3).
d. Filtering unit

The filtering unit (Plate 4) used in the acclimation tank was made
up of two cylindrical perspex tubes of same length but of different dia-
meters. The narrow inner tube (3.0 cm in diameter and 30 c¢m in length)
was fixed inside the wider tube (9.0 cm in diameter and 30 cm in length)
by three small perspex stuts so as to keep the inner tube exactly in the
middle but 3.0 em lower than that of the upper end of the outer tube.
The inner tube was open on both the sides. The lower end of the annulus
so formed between the inner and the outer tube was covered by a porous

perspex sheet. Small holes (3 mm) were also made at the sides of the



PLATE 4

Diagrammatic representation of the biological filtering unit.
Water in the inner tube got lifted by air bubbles and spilled
out into the outer tube in which the water was filtered through
the gravel bed. The filtered water came out through the

holes present at the base of the unit.
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lower end of the outer tube for easy filtration. The whole unit stood on
three perspex legs. The Space between the inner and outer tubes was partly
(2/3) filled with gravel. This unit was kept in the middle of the acclimation
tank and the water level was maintained at a level 1-2 em below the upper
end of the inner tube. An air diffuser was kept at the base of the inner
tube, through which compressed air was passed. Water in the inner tube
was lifted by air bubbles and spilled out into the outer tube in which water
was filtered through the gravel bed. The filtered water was passed through
the holes present at the base of the unit. In due course (days) the gravel
bed developed ammonia fixing bacteria which could remove the ammonia
present in the water of the acelimation tank (Peer Mohamed, 1974; Kutty

et al., 1976; Usha Devi, 1987).

e. Feeding

Fish in the stock and acclimation tanks were fed ad libitum once
daily with prawn (live and dead) and other fishes ljke mullets and tilapia.
A preference for live prawn was noticed. This species is a highly predatory
column feeder which can turn cannibalistic when food is scarce, hence the

feeding schedule was carefully followed.

f. Experimental media and recirculation

For conducting the experiments three different media - sea water

(30%), brackish water (15%) and freshwater (0%) were used. Filtered sea
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water of 30%; sea water diluted to 15% by mixing with freshwater; and

dechlorinated tap water, were used as the three experimental media.

The determination of total carbon dioxide produced by the fish in
natural waters is very difficult as the amount of excreted ecarbondioxide
added to the waters is comparatively very little (Kutty, 1968a). In order
to get an accurate estimate of total carbondioxide, decarbonated experimental
medium (sea water, brackish water and freshwater) of controlled pH (Bosworth
et al., 1936; Kutty, 1968a; Peer Mohamed, 1974; Peer Mohamed and Kutty,
1980, 1981) was prepared as explained by Peer Mohamed (1974) and Peer

Mohamed and Kutty (1983).

Owing to the limited amount of decarbonated experimental medium,
the experimental system was so designed for circulation of the same water
throughout the experiment (Plate 5). A 300 1 capacity rectangular perspex
tank provided with a thermostatic relay for temperature control and aeration,
was used as overhead reservoir tank (10 feet high from ground level). The
water from the overhead reservoir flushed through the respirometer to a
50 1 capacity ecylindrical fibre glass reservoir tank, which was kept at the
ground level. Water from this reservoir was pumped up to the overhead
reservoir and the pumping was regulated by a constant level device (Aqua-
guard, Bombay) provided in the overhead reservoir. Compressed air was
bubbled in both the reservoirs to maintain oxygen concentration of the water

near air saturation.

g. Respirometer
The apparatus used for the present study (Plate 6 and 7) was a modi-

fication of the annular Fry's respirometer (Kutty et al.,, 1971) used by Peer
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respirometer could be watched through the viewing windows. A red bulb
was fitted inside, at the centre of the lid, which was kept "on"

throughout the experiment to monitor the activity of the fish.
h. Preparation of the fish for the experiment

Prior to the experiments the fish were kept in the acclimation tank
for about 7-10 days at the required temperature in the experimental medium
(sea water/brackish water/freshwater). The fish to be experimented were
kept within the partition (explained under 'Acclimation') and deprived of
food for 24 hours (Brett, 1964; Beamish, 1964; Kutty, 1966; Peer Mohamed,
1974; Kutty and Peer Mohamed, 1975; Peer Mohamed and Kutty, 1980,
1982;- Peer Mohamed et al., 1978; Sukumaran and Kutty, 1987) before the
experiment, in order to maintain the physiological conditions of the fish
almost uniform and to avoid contamination of the experimental medium
by excretory wastes. Then the fish was weighed, the total length was
measured and left in the respirometer overnight with continuous flushing
and recirculation of the experimental medium to avoid handling effect (Peer

Mohamed, 1981a).
i Experimental procedure

Three series of experiments were carried out to investigate the follow-
ing.

(i) Influence of random activity on the metabolic rates (oxygen con-
sumption, carbondioxide output and ammonia excretion) and quotients
(R.Q. and A.Q.) at high ambient oxygen (near air saturation).

(ii) Influence of hypoxia on metabolic rates, quotients and random activity.
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(iii) Metabolic rates, quotients and random activity during hypoxia and

recovery.

The experimental set-up (Plate 5) for the three series of experiments
is same (already described under 'Respirometer’). The experimental procedure
for these 3 series are similar in most respeets, except during the later
phase of the experiments.

(i) Influence of random activity on metabolic rates and quotients at
high ambient oxygen

Each experiment consisted of 5-7 runs of 1 hour duration, when

the respirometer remained closed.

At the start of the experiment, initial samples were collected and
the circulation of decarbonated water through the respirometer was cut
off. After an interval of ‘one hour, final samples were collected. In each
sampling time (initial and final of each run), three separate water samples
were collected for analyses of dissolved oxygen, total carbondioxide and
ammonia.  The size of each sample was 30 ml for dissolved oxygen, 100
ml for ecarbondioxide and 60 ml for ammonia (25 ml of water collected
first for rinsing the sample bottles was discarded). During sampling, care
was taken to compensate the volume of sampling water by allowing water
to flow into the respirometer. During the closure period, the random activity
of the fish was recorded by visual counts (Peer Mohamed et al., 1978; Hamsa

and Kutty, 1972; and Peer Mohamed and Gupta, 1983).

After collecting the final samples of the first run, the circulation

of water through the respirometer was opened for 30 minutes to flush the
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respired water from the respirometer as well as to bring the high ambient
oxygen near air saturation. Initial samples for the second run were collected
and followed by closure period of one hour, before the collection of the
final samples. The random activity of the fish was also recorded during

the closure period. Likewise the consecutive runs were made,

The concentration of oxygen, total carbondioxide and ammonia were
determined in the samples collected (initial and final samples of each run).
The activity of the fish observed by visual counts during the closure period
was also multiplied to record the value in counts per distance travelled

in one hour.

(ii) Influence of hypoxia on metabolic rates, quotients and random activity

The individual run of an experiment lasted for one hour in duration
as was followed in series (i) except the last run in which the fish was allowed

to reduce the ambient oxygen until it was asphyxiated.

The procedure followed was similar to that of the one described
in series (i) till the completion of the first run. After collecting the final
samples of the first run, the respirometer was not opened to the circulating
water for complete flushing. But approximately 215 ml of decarbonated
experimental medium was circulated once or twice through the respirometer
with the help of a separating funnel for mixing it with the 'respired' water
remaining unflushed in the respirometer. Then the initial samples of the
next run (as described under series (i) were collected. The overall time
taken for sampling and adding water was about 3 minutes. To avoid using

any correction factor for the initial oxygen content of second and consecutive
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runs, this procedure (Peer- Mohamed, 1974; Kutty and Peer Mohamed, 1975;
Peer Mohamed and Kutty, 1980, 1981) was followed by taking initial samples.
During the last run, the final samples were 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 by circulating the air

saturated decarbonated water to revive the fish.

The collected samples were analysed and random activity was cal-
culated as explained under series (i).

(iii) Metabolic rates, quotients and random activity during hypoxia and
recovery

Until the fish was asphyxiated the experiment was similar to that
of series (ii). Asphyxial oxygen concentration is the low lethal level of
oxygen, below which fish cannot survive (Peer Mohamed and Kutty, 1981).
Subsequent to the loss of equilibrium of the fish, they were revived by
flushing the respirometer with air saturated, decearbonated water and the
metabolic rates were determined for the next three to four hours as in
series (i), During this recovery period the respirometer was completely

flushed for 30 minutes between runs.

i) Methods of water analysis
(i) Dissolved oxygen
Oxygen was estimated by the modified Winkler's method as described

by Strickland and Parsons (1968). For each determination 30 ml of sample

was used.
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(ii) Total carbondioxide

Fifty ml of the samle (in duplicate) was analysed by the method
described by Stroganov (1962) and followed by Kutty (1970) and Usha Devi
(1987). By following this method - direct titrimetric method to measure
the free carbondioxide in the water; and addition of the conversion factor
calculable from simultaneous measurement of alkalinity - the total carbon
dioxide was estimated. The present method followed is quite adequate
for measurements of carbondioxide production in fish, as proved by Kutty

et al. (1971).

(iii) Ammonia

Immediately after collecting the samples, ammonia was determined
by the phenol - hypochlorite spectrophotometric method (Solarzano, 1969).
Methanol was used in place of ethyl aleohol to avoid high optical density.
The reagents were added subsequently to 60 ml of sample and kept at room

temperature for one hour. When a stable colour developed, optical density

was measured in a Spectrophotometer (Electronic Corporation of India, GS

865 D) at 640 p.



IV. RESULTS
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The experimental animals were young ones of Lates calcarifer accli-

mated to and tested at two different temperatures - 30 and 35°C - and

three different salinities - 30%, 15% and 0%.

The following experiments were carried out in each media at 30

and 35°C.

i) The influence of random activity on metabolic rates and quotients

at high ambient oxygen (near air saturation).

ii) The influence of ambient oxygen (from air saturation down to asphyxial

level) on metabolic rates, quotients and random activity.

iii) Metabolic rates, quotients and random activity during hypoxia and

recovery.

a) EXPERIMENTS IN SEA WATER

(i) Influence of random activity on metabolic rates and quotients at

high ambient oxygen at 30 and 35°C

Regression lines have been fitted (Fig.1 and 2) for pooled values
to show the trends of routine metabolic rates - oxygen consumption, carbon
dioxide production, ammonia excretion; and the two quotients - respiratory
quotient and ammonin quotient - against random netivity of nll fishes neeli-
mated to and tested at 30 and 35°C based on the regression equations (Fig.
1 and 2) at ambient oxygen concentration near air saturation. Mean values
of routine metabolism and random activity at 30 and 35°C and standard
metabolic rates and quotients (extrapolated values at 0 activity) are also
presented in Table 1. At 30°C the regression coefficient (r value) for all

parameters did not show any significant difference but at 35°C ammonia



Table 1. Mean routine and standard metabolic rates, quotients and random
activity of sea bass acclimated to and tested at 30 and 35°C
in sea water, brackish water and freshwater. Standard values
are estimates obtained by extrapolation of the regression lines

to zero activity through the plots shown in Figures 1-6.

SEA WATER
Parameters
30°C 35°C
Routine (Mean Standard Routine (Mean Standard
+ SD) + SD)

O2 84.55 + 46.51 47.86 90.02 + 48.71 120.23
CO2 156.22 + 103.49 288.40 158.86 + 92.40 151.36
NH3 15.58 + 17.72 12.59 7.20 £ 10.62 79.43
R.Q. 2.26 + 1.64 4.57 1.92 + 1.15 0
A.Q. 0.31 + 0.42 - 3.16 .10 + 0.16 - 1.58
Activity 35.98 + 22.58 - 39.93 £+ 22.71 -

BRACKISH WATER

Parameters

30°C 35°C
Routine (Mean Standard Routine (Mean  Standard
+ SD) t SD)
O2 105.49+ 71.98 69.18 111.70 + 69.27 91.20
CO2 195.84 + 139.56 125.89 243.48 + 143.07 181.97
NH3 9.76 + 14.32 3.16 15.24 + 26.94 4.57
R.Q. 1.96 £+  1.21 2.04 2.21+  1.28 1.70
A.Q. 0.12+ 0.16 ~ 1.40 0.25+ 0.47 - 3.16
Activity 24.19+ 20.71 - 24.27+ 19.05 -
FRESHWATER
Parameters 30°C 3500
Routine (Mean Standard Routine (Mean Standard
+ SD) + SD) .
O2 74.84 + 41.15 53.70 130.05 + 28.24 107.15
CO2 122.84 + 54.82 45.71 261.36 £ 125.23 208.93
NH3 8.31+ 5.59 5.25 20.61+ 12,02 30.20
R.Q 1.93+ 0.99 1.66 .96+ 0.75 1.82
A.Q. 0.16 + 0.17 - 2.14 0.17+  0.12 - 2.75

Activity 23.17+ 13.93 - 53.00 £ 25.06 -




FIGURE 1

Regression lines fitted for oxygen consumption, carbon dioxide pro-
duction, ammonia excretion, R.Q. and A.Q. in relation to random

activity of Lates calcarifer acclimated to and tested in air saturated

sea water at 30°C. Data obtained are mean values observed for
22 fishes. The lines showing the trends, are according to the regre-
ssion equations given for the pooled data for all the fishes, in each
case. The details of fishes used (Fish No.L, to Lzz) are given in

Table 26. Correlation coefficient or 'r' values are also given.
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FIGURE 2

Regression lines fitted for metabolic rates and quotients in relation
to random activity of sea bass acclimated to and tested in air satu-
rated sea water at 35°C. The lines drawn, to show the trends, are
based on the regression equations presented in the figure itself. The
data obtained are mean values obtained for 17 fishes and the details
of fishes used (Fish No.L,; to L61) are given in Table 26. Correlation

coefficient of each parameter is also presented.
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excretion and R.Q. showed significant difference at 1% level and A.Q. at

2% level.

The high and low rates of ambient oxygen in sea water observed

were found to be 7.10 ml/l and 1.67 ml/l at 30°C and 4.67 ml/l and 2.57

ml/l at 35°C. The respective high and low values for oxygen consumption,

carbondioxide produection, ammonia excretion, R.Q., A.Q. and random activity

at 30°C and 35°C are also presented in Table 2.

(i) Influence of ambient oxygen. (from air saturation down to asphyxial
level) on metabolic rates, quotients and random activity at 30 and
35°C
Oxygen consumption, carbondioxide production, ammonia excretion,

their corresponding quotients (R.Q. and A.Q.) and random activity of Lates

calcarifer (acclimation and test at 30 and 35°C) subjected to a hypoxic
phase until the fish was asphyxiated are graphically shown in figures 7 and

8 based on the mean values presented in the Tables 3 and 4.
Metabolism

The change in metabolic rates refers to the corresponding changes
in oxygen consumption, carbondioxide production and ammonia excretion.
These changes at both temperatures resemble one another. Oxygen consump-
tion was found to increase from 42.57 mg/kg/hr to 91.12 mg/kg/hr and
further decline to 66.60 mg/kg/hr at 30°C.  When the temperature was
increased, there was a corresponding increase in oxygen consumption first
from 46.34 mg/kg/hr to 93.20 mg/kg/hr and again to 118.65 mg/kg/hr with

a drop in between to 72.93 nig/kg/hr. Carbondioxide production and ammonia



Table 2.

Measurements of oxygen consumption, carbon dioxide production, ammonia excretion, res-

piratory quotient (R.Q), ammonia quotient (A.Q.) and random activity in sea bass at' high'

and 'low' ambient oxygen at 30 and 35°C in sea water.

The 'high' oxygen refers to mean

.ambient oxygen concentration near air saturation and 'low' oxygen refers to lowest mean

ambient oxygen concentration tested.

is also given.

Each value is the mean of 15 determinations. S.D

30°C

High oxygen

Low oxygen

High oxygen

Low oxygen

Mean of mean ambient
oxygen (ml/1)

Mean rate of oxygen
consumption (mg/kg/hr)

Mean rate of carbon dioxide
production (mg/kg/hr)

Mean rate of ammonia
excretion (mg/kg/hr)

Mean respiratory
quotient (R.Q.)

Mean ammonia
quotient (A.Q.)

Mean random
activity (e/hr)

7.10(15) + 2.09

58.73(15) + 39.84

218.19(15) + 91.14

436.59(15) + 313.01

6.67(15) + 5.94

12.59(15) + 13.95

27.6(15) +  20.47

1.67(15)+  0.54

72.69(15) + 41.94

240.29(15) +£139.47

405.50(15) +315.61

3.96(15) + 2.26

6.78(15) + 5.37

28(15) + 21.27

4.67(15) +  0.71
111.61(15) + 43.82
106.35(15)  47.32

622.65(15) + 865.81

1.01(15)

H

0.51
6.41(15) £+ 9.17

9.14(15) + 7.43

2.57(15) + 0.61

92.15(15) + 46.52

229.00(15) + 112.46

319.15(15) + 340.64

2.92(15)

H

1.42

4.55(15) + 2.68

16.57(15) + 12.40




Table 3.

Oxygen consumption, carbon dioxide production, ammonia excretion, R.Q., A.Q.
and random activity in relation to ambient oxygen below air saturation in sea
bass acclimated to and tested at 30°C in sea water. Each value given is the
average of groups of data pertaining to 10 determinations (except the last group,
22 determinations) after processing a total of 139 determinations in ascending
order of mean ambient oxygen to facilitate the analysis. Mean ambient oxygen
is the average of initial and final oxygen concentrations of an experimental
run which was determined from samples of water withdrawn from the respiro-
meter at the beginning and the end of the run. Each run in an experiment

lasted for 60 minutes. S.D. is also given.

Mean ambient  Mean rate of oxygen Mean of carbon Mean rate of Mean respiratory Mean ammonia Mean random
oxygen consumption dioxide produc- ammonia ex- quotient quotient activity
(mi/1) ( mg/kg/hr ) tion cretion (R.Q) (A.Q) ( counts/hour)
(mg/kg/hr ) (mg/kg/hr)
1.22 £ 0.18 42.57 + 23.29 110.38 £ 50.39 9.03 + 7.27 3.37 + 2.02 0.33 + 0.42 32.69 + 17.77
1.72 £ 0.1 71.06 £ 35.04 149.11+ 115.28 19.31 + 31.08 2.04 + 0.99 0.39 + 0.60 50.25 t+ 26.57
2.01 £ 0.09 67.88 £ 30.36 166.41+ 137.80 16.96 + 19.34 2.23 + 1.67 0.31 + 0.42 42.08 + 24.42
2.28 £ 0.1 91.12 £ 30.45 247.26 £ 122.75 25.13 + 16.47 3.09 + 2.08 0.31 + 0.23 44.00 £ 29.16
2.63 = 0.09 83.43 + 51.05 93.72+ 71.82 11.65 + 10.28 1.43 = 1.07 0.17 + 0.16 29.19 + 14.35
3.03 + 0.14 88.65 + 46.81 118.98 +  80.47 11.40 £ 12.18 1.46 £ 0.95 0.29 t 0.46 35.00 1 24.07
3.56 £ 0.13 135.39+ 53.41 191.53 + 138.88 10.29 + 8.37 1.85 t 1.71 0.11 = 0.14 30.92 t+ 14.48
3.87 = 0.08 95.10 = 47.07 144.88 £+ 98.22 11.91 = 15.18 1.90 £ 1.44 0.17 £ 0.20 29.39 £ 15.24
4.31 £ 0.22 86.89 + 48.54 195.36 £+ 111.11 18.96 + 19.23 2.60 + 1.28 0.39 £ 0.45 22.62 + 17.82
6.38 t 2.02 66.60 £ 36.40 164.81+ 97.44 13.51 + 9.84 2.91 + 1.67 0.38 + 0.45 28.46 t 18.37




Table 4. Metabolie rates, quotients and random activity in relation to low ambient oxygen
below air saturation in sea bass acclimated to and tested at 35°C in sea water.
Each value is the mean of groups of data pertaining to 11 determinations (except
the last group, 18 determinations) after arranging the total of 117 determinations
in the ascending order of mean ambient oxygen to facilitate the analysis. Each

run lasted for 60 minutes. S.D. is also given.

Mean ambient Mean rate of oxygen Mean of carbon Mean rate of Mean respiratory  Mean ammonia  Mean random
oxygen{ml/l) consumption{ mg/kg/hr) dioxide product- ammonia ex- quotient (R.Q.) quotient (A.Q.)  activity.
ion( mg/kg/hr) eretion. ( counts/hour)

( mg/kg/hr)

1.14 £ 0.18 46.34 = 22.01 118.30 £ 114.59 3.88 + 5.65 2.15 + 1.81 0.07 £ 0.10 43.09 £ 14.95
1.69 + 0.14 72.61 + 19.26 209.31 £ 104.40 5.95 + 6.60 2.78 £ 1.05 0.07 = 0.07 18.18 + 16.60
1.93 + 0.06 91.69 t 33.02 227.02 £126.00 8.50 + 6.65 2.75 + 1.23 0.10 £ 0.07 37.90 + 22.60
2.10 = 0.05 93.20 t 40.03 235.94 £ 105.39 11.26 + 17.63 2.54 £ 0.77 0.11 ¢ 0.15 45,18 ¢+ 22,32
2.30 + 0.08 86.31 + 39.68 169.31 = 83.72 8.03 + 7.90 2.32 £ 2.07 0.14 + 0.21 50.73 + 23.75
2.52 £ 0.07 77.40  37.34 160.42 =+ 69.09 4.03 + 3.24 2.60 £ 2.32 0.06 + 0.20 32.73 + 19.46
2.80 = 0.14 72.93 + 28.03 219.74 + 51.74 3.81 £ 2.50 3.38 + 1.35 0.06 £ 0.07 42.00 £ 16.13
3.36 £ 0.17 103.28 + 46.01 161.60 + 109.01 5.78 + 8.04 1.62 £ 1.15 0.07 + 0.10 24,00 ¢+ 24.48
3.80 £ 0.10 135.56 + 79.60 156.38 + 83.26 11.79 £ 11.54 1.38 = 0.90 0.18 1+ 0.26 9.00 £ 2,71
4.56 £ 0.69 118.65 + 37.82 119.88 + 68.81 19.86 +22.79 1.08 + 0.57 0.21 ¢+ 0.25 8.41 ¢+ 6.77




FIGURE 7

Trends pertaining to oxygen consumption, carbon dioxide production,
ammonia excretion, R.Q., A.Q. and random activity in relation
to ambient oxygen below air saturation in sea bass acclimated
to and tested at 30°C in sea water based on Table 3. Ambient
oxygen in the respirometer was reduced by the respiration of the
fish itself. The experiment was terminated when the test fish
lost its equilibrium. The number of fishes used are 15 and their
details are given in Table 26 (Fish No.L

to L,,).
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FIGURE 8

Trends pertaining to metabolic rates, quotients and random activity
in relation to ambient oxygen below air saturation, in sea bass
acelimated to and tested at 35°C in sea water based on the Table

4. The details of fishes used are (15 fishes - L., to L76) given

62
in Table 26.
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excretion showed similar trends at both temperatures.  Carbondioxide rose
to 247.26 mg/kg/hr from 110.38 mg/kg/hr then decreased to 144.88 mg/kg/hr
and again escalated to 164.81 mg/kg/hr at 30°C. Similarly when the temper-
ature was increased to 35°C the carbondixode production also exhibited a
rise from 118.30 mg/kg/hr to 235.94 mg/kg/hr and then decreased to about
119.88 mg/kg/hr.  The trend in ammonia excretion showed an increase in
the beginning from 9.03 mg/kg/hr to 19.31 mg/kg/hr and then declined to
11.91 mg/kg/hr and further rose to 13.51 mg/kg/hr at 30°C. Whereas at
35°C it first increased from 3.88 mg/kg/hr to 11.26 mg/kg/hr, then decreased

to 3.81 mg/kg/hr and again rose to 19.86 mg/kg/hr.
Metabolic quotients

In 30%, the quotients showed a marked difference at 30 and 35°C.
At 30°C, R.Q. first decreased from 3.37 to about 1.43 and then increased
to 2.97 but at 35°C, it initially increased from 2.15 to 3.38 and then decrea-
sed to about 1.08 showing a counter trend. All the R.Q. values at 30 and
35°C were above unity. R.Q. trend line resembles the trend given for

Puntius sarana at 30°C by Peer Mohamed (1974). A.Q. values at 30°C showed

a rise from 0.33 to 0.39 initially.  The final value was 0.38 with an in
between decrease of about 0.11. The trend resembles the curve in

Rhinomugil corsula (Kutty and Peer Mohamed, 1975) at 30°C. At 35°C

the A.Q. first increased from 0.07 to 0.14 and finally to 0.21 with an in

between decrease of only about 0.06.
Activity

Trend lines for activity at both the temperatures were similar. With

the increase in ambient oxygen, activity first increased from 32.69 counts/
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hour to 50.25 counts/hour at 30°C and then declined to about 28.46 counts/
hour whereas at 35°C it first increased from 43.09 counts/hour to 48.18
counts/hour.  Activity, however, declined considerably to a low of 8.41 counts/

hour towards the end of the experiment at 35°C.
Asphyxial oxygen

In sea water the mean asphyxial oxygen was found to be 1.17 ml/l
at 30°C and 1.45 ml/l at 35°C (Table 5). The high and low asphyxial oxygen
observed was 2.5 ml/l (Fish weight, 33.04 g) and 0.5 ml/l (Fish weight,

43.35 g) at 30°C and 2.4 ml/l (Fish weight, 38.10 g) and 0.9 ml/l (Fish

weight, 34.33 g) at 35°C.

(iii) Metabolic rates, quotients and random actlivity during hypoxia and
recovery at 30 and 35°C
Results from hypoxia and recovery experiments relating to oxygen
consumption, carbondioxide production, ammonia excretion, R.Q., A.Q. and
activity at 30 and 35°C are presented in Tables 6 and 7 and the graphical

representations are shown in Figures 13 and 14.

Metabolism

The trends of ambient oxygen during hypoxia and recovery at 30
and 35°C are similar and this is in agreement with the trends of ambient

oxygen in Rhinomugil corsula (Kutty and Peer Mohamed, 1975), Tilapia

mossambica (Peer Mohamed and Kutty, 1981) and Mystus armatus (Sukumaran

and Kutty, 1977). During hypoxia, ambient oxygen was found to decrease

from 2.84 ml/l to 1.88 mil/l and from 4.06 mi/l to 2.62 mil/l at 30



Table 5. Asphyxial oxygen concentrations (the concentration at which the fish loses its equilibrium) and the time taken
for asphyxia of sea bass acclimated to and tested at 30 and 35°C in sea water, brackish water and fresh-
water. The values in brackets indicate the number of determinations. Details of fish are given in Table 26.
SEA WATER BRACKISH WATER FRESH-WATER
30°C 35°C 30°C 35°C 30°C 35°c

Fish Asphyxial Time taken Fish Asphyxial Time taken Fish Asphyxial Time taken Fish Asphyxial Time taken Fish Asphyxial

Time taken Fish Asphyxial Time taken

No. oxygen for asphy- No- oxygen for asphy- No oxygen for asphyx- No- oxygen for asphyx- No» oxygen for asphy- No- oxygen for asphyxia
(ml/ly xia (After (mif}) xia (after ™i/1) ia (after (ml1/1) ia (after {mi/1) xia (after (mi/1) (after closure
closure closure closure closure closure closure for
for last for last for last for last for last last run)
run)Min. run)Min. run)Min. run) Min. run) Min. Min.
L30 0.8 27 Lé62 1.3 22 L127 1.3 40 L147 15 7 L177 3.0 25 L207 1.0 20
L31 0.9 52 L63 L4 12 L128 2.6 50 L1148 1.3 25 L178 3.0 20 L208 0.8 13
L32 2.1 25 Leu 1.5 23 Lll6 2.2 28 L149 0.8 8 L179 3.1 21 L209 1.4 13
L33 1.4 10 Lé65 1.8 20 L117 1.2 20 L150 0.8 7 L180 0.5 23 1210 0.6 25
L34 L4 7 L66 1.5 23 L1138 1.2 25 L151 a3 20 L181 0.8 23 L2t1 1.7 15
L35 0.8 20 Le67 1.8 15 L119 1.7 25 L152 2.1 25 L1382 1.2 10 L212 0.7 9
L36 0.5 17 L68 2.4 22 L120 1.9 23 L153 2.0 28 L183 L.4 7 L213 1.9 7
L37 1.l 30 L69 1.3 18 L1221 1.6 35 L1i54 2.4 28 L184 1.5 11 L214 2.1 8
L38 1.4 25 L70 2.1 28 L122 2.0 50 Li55 3.0 23 L185 1.7 7 L215 2.5 8
L39 0.9 15 L71 1.7 13 L123 1.5 55 Li56 2.7 20 L186 1.6 18 L216 0.7 7
L40 0.9 7 L72 0.9 L1 L124 0.7 53 L157 2.7 15 L187 1.6 10 L217 2.1 8
L4l 0.8 4 L73 1.2 8 L125 19 45 L158 1.1 12 1188 1.4 13 L218 1.9 3
L42 0.9 14 L74 1.0 15 L126 1.2 36 L159 1.0 8 L189 0.8 10 L219 2.2 15
L43 .1 11 L75 0.9 18 Li0l 1.0 17 L160 0.9 14 L190 0.7 7 L220 2.3 16
L44 2.5 25 L76 1.0 8 L102 1.0 21 Llel 0.9 6 L191 0.8 6 1221 2.1 5




Table 6.

Oxygen consumption, carbon dioxide production, ammonia excretion, R.Q., A.Q.
and random activity subjected to hypoxia (reducing ambient oxygen concentration
in the closed respirometer by the respiration of the fish itself until it loses its
equilibrium) and subsequent recovery in air-saturated water. The fishes were
acclimated to and tested at 30°C in sea water. Each value shown is a mean
of 15 determinations in each case (except the last run, 10 determinations) of
the total of 70 determinations arranged as per the sequential order of runs (5)
in hours in experiments for 15 fishes to facilitate the analysis. Each run in
an experiment lasted for 60 minutes except the last run during which the fish

lost its equilibrium. S.D. is also given.

Experimental Mean ambient Mean rate of Mean rate of Mean rate of Mean res- Mean ammonia Mean random "

runs oxygen. oxygen con- carbon di- ammonia ex- piratory quotient activity. X

(in hours) (ml/1) sumption. oxide produc-  cretion. quotient (A.Q.) (counts/hour) g

( mg/kg/hr ) tion. ( mg/kg/hr) (R.Q.) ‘ o

( mg/kg/hr) =

I 2.84 0.94 92.80 + 48.88 149.28 + 116.77 6.99+ 5.24 1.65 £ 0.86 0.09 £ 0.07 21.29 11.81 } .;ﬁj

g

11 1.89 0.54 67.94 + 39.62 173.12 £ 145.60 17.26 + 12.53 2.71+ 1.80 0.35 + 0.40 28.70 16.53 ; =
M1 2.47 1.22 83.28 £ 39.55 179.11+ 118.05 11.94¢ 9.10 2.48 £ 1.47 0.18+£0.12 32.43 16.77 |
!

v 2.72 1.01 80.47 + 49.00 182.39 + 148.55 15.15 +£12.43 2.17 + 1.31 0.24 £ 0.22 34.43 22.29 : o

(V)

b3

\% 3.13 0.99 79.67 £ 29.48 203.40 + 148.25 17.40 £17.53 2.58 £ 1.36 0.26 £ 0.16 36.60 17.10 § E
]




Table 7.

Metabolic rates, quotients and random activity subjected to hypoxia and subsequent
recovery in air saturated water. The fishes were acclimated to and tested at
35°C in sea water. Each value is a mean of 15 determinations (except the last
run, 7 determinations) of the total of 67 observétions arranged in the sequential
order of runs in hours in experiments for 15 fishes to facilitate the analysis. Each
run lasted for 60 minutes except the last run where fish lost its equilibrium. S.D.

is also given.

Experimental

Mean ambient

Mean rate of Mean rate of Mean rate of Mean res- Mean ammonia Mean random

runs oxygen. oxygen con- carbon di- ammonia ex- piratory quotient activity. g

(in hours) (ml/l) sumption. oxide produe- cretion. quotient (A.Q.) (counts/hour) 3

(mg/kg/hr) tion. (mg/kg/hr) (R.Q.) E

(mg/kg/hr) e

| 4.06 £ 1.01 101.33 + 35.04 127.02 £+ 96.76 7.22+ 5.68 1.27+ 0.82 0.17t 0.06 10.36 + 7.78 g «

A

i g

I 2.62 + 0.64 91.78 t 45.24 237.53 £ 109.34 21.30+ 21.72 2.99+ 1.35 0.22+ 0.19 18.43 + 11.37 } _-.?
HI 3.55+0.79 91.50 £ 55.03 142,73+ 62.73 9.47+ 5.48 2.01: 1.06 .11+ 0.05 10.31 +  6.63 |§

b g

v 3.51+0.64 92.67 + 38.21 187.07 £ 109.83 12.20+ 5.04 2.16+ 1.16 0.12 + 0.04 16.43 + 10.68 : %)

]

\ 3.99 + 0.42 89.07 £ 27.14 289.83 £+ 83.70 15.48+ 8.81 3.44+ 0.97 0.17+ 0.1 30.67 + 15.48 1} ~
]




FIGURE 13

Trends pertaining to oxygen consumption, carbon dioxide production,
ammonia excretion, their corresponding quotients (R.Q. and A.Q.)
and random activity of sea bass subjected to hypoxia (reducing
ambient oxygen concentration in the closed respirometer by the
respiration of the fish itself until the fish loses its equilibrium)
and subsequent recovery in air saturated water. Acclimation of
the fish and test at 30°C in sea water. The end of the hypoxic
phase is indicated by the vertical line cutting across the curves
fitted through the mean values based on Table 6. Each point
shown is a mean of 15 observations in each case. The details

of fishes used (15 fishes - Fish No.L,, to L44) are given in Table
26.
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FIGURE 14

Trends pertaining to metabolic rates, quotients and random activity
of sea bass subjected to hypoxia and subsequent recovery. Accli-
mation and test at 35°C in sea water. Plotted values are based

on Table 7. The details of fishes used are (Fish No.L to L,,.)

62 76
given in Table 26.



F o b & ¢ i+ h & « ) @ S S & A F &
BRRUKVR2LRgERT T T QRERY 3283832888 ¢F
noy/sunod : 1u/6x/6w 1y /6% [Guw 1y |G B hw

ALIALDY ov 0-d NOILZ40X3 EHN NOIIDNO0dd 200 NOLLAANSNOD %0 N39AX0 INTIBWY




26

and 35°C respectively. However, during recovery the parameter increased
from 2.47 mil/l to 3.13 ml/l and 3.55 mil/l to 3.99 ml/l at 30 and 35°C res-
pectively. Oxygen consumption showed a decreasing trend from 92.80 mg/kg/
hr to 67.94 mg/kg/hr and 101.33 mg/kg/hr to 91.78 mg/kg/hr at 30 and
35°C respectively. The decrease in the availability of oxygen during hypoxia

compared well with the hypoxic econdition in Rhinomugil corsula (Peer

Mohamed, 1974) at both the temperatures. However, during recovery it
shot up first from 67.94 mg/kg/hr to 83.28 mg/kg/hr at 30°C and from
91.78 mg/kg/hr to 92.67 mg/kg/hr at 35°C with a minor decline towards
the end of the experiment, in both the cases, to 79.67 mg/kg/hr and 89.07
mg/kg/hr respectively. Oxygen consumption during recovery at 30 and 35°C

is comparable with that of Tilapia mossambica at the same temperatures

(Peer Mohamed, 1974). These trends also resemble that of Tilapia mossambica

at 30 and 35°C (Peer Mohamed and Kutty, 1981).

Carbondioxide production was initially high ('Prehypoxic' value) and
was in the range of 149.28 mg/kg/hr to 173.12 mg/kg/hr at 30°C and 127.52
mg/kg/hr to 237.53 mg/kg/hr at 35°C showing a compensatory anaerobic
mechanism for the supply of energy during periods of reduction in oxygen
consumption. Again carbondioxide production rose to 203.40 mg/kg/hr
and 289.83 mg/kg/hr respectively during recovery. Carbondioxide production
at 30 and 35°C in hypoxic condition compares well with the same condition

in Tilapia mossambica at 30°C (Peer Mohamed, 1974). Besides, the hypoxic

condition at both temperatures also relate well with that of Tilapia

mossambica (Peer Mohamed and Kutty, 1981). The rate of ammonia excretion
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escalated during hypoxia (from 6.99 mg/kg/hr to 17.26 mg/kg/hr at 30°C
and 7.22 mg/kg/hr to 21.30 mg/kg/hr at 35°C) and recovery (from 11.94
mg/kg/hr to 17.40 mg/kg/hr at 30°C and 9.47 mg/kg/hr to 15.48 mg/kg/hr
at 35°C). The increasing trend of ammonia excretion at 30°C in hypoxic
condition is in agreement with the report given by Kutty and Peer Mohamed

(1975) in the case of Rhinomugil corsula at 30 and 35°C. The trend at

35°C also agrees with that for Rhinomugil corsula (Kutty and Peer Mohamed,

1975) and Tilapia mossambica (Peer Mohamed and Kutty, 1981) at 35°C.

Metabolic quotients

R.Q. and A.Q. showed an increasing trend at 30°C during hypoxia

as in Rhinomugil corsula (Kutty and Peer Mohamed, 1975). The trends at

35°C also resemble the hypoxic condition of Rhinomugil corsula (Kutty and

Peer Mohamed, 1975) and Tilapia mossambica (Peer Mohamed and Kutty,

1981) at 30 and 35°C. The R.Q. shot up during hypoxia and recovery -
from 1.65 to 2.71 at 30°C and from 1.27 to 2.99 at 35°C during hypoxia,
and from 2.48 to 2.58 at 30°C and 2.01 to 3.44 at 35°C during recovery
- with a slight fall in the middle of the recovery phase at 30°C. The A.Q.
values showed a sharper increase during hypoxia at both the temperatures
from 0.09 to 0.35 and from 0.17 to 0.22 indicating that the relative protein
utilization during hypoxia is higher at 30°C than at 35°C. It again increased
from 0.11 to 0.17 during recovery at 35°C but at 30°C it first increased
from 0.18 to 0.24 and then decreased to about 0.20 at the fifth hour. All

the values of A.Q. are below unity.
Activity
During hypoxia an increase in random activity correlates well with

a decrease in ambient oxygen at both the temperatures as in Rhinomugil
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corsula (Kutty and Peer Mohamed, 1975). It increased from 21.29 counts/
hour to 28.70 counts/hour at 30°C and from 10.36 counts/hour to 18.43
counts/hour at 35°C till the fish experienced asphyxia.  During recovery

also the aectivity increased from 32.43 counts/hourto 36.60 counts/hour and

10.31 counts/hour to 30.67 counts/hour respeetively.
b) EXPERIMENTS IN BRACKISH WATER

i) Influence of random activity on metabolic rales and quotients at
high ambient oxygen at 30 and 35°C
Plots of routine oxygen consumption, carbondioxide production, ammonia
excretion and R.Q. and A.Q. against random activity based on regression

equations of metabolic rates and quotients of Lates calcarifer acclimated

to and tested at 30°C at ambient oxygen concentration near air saturation

are shown in Fig.3. Similar plots of Lates calearifer acclimated to and

tested at 35°C are given in Fig.4. Mean values of routine metabolic rates,
quotients and activity at 30 and 35°C (Table 1) and their corresponding
standard metabolic rates (Table 1) have also been presented. Regression
coefficients of oxygen consumption, earbondioxide production, ammonia excre-
tion and their corresponding quotients showed no significant difference at
30 and 35°C except the ammonia excretion at 35°C which showed significant

difference at 5% level.

It is observed that the high and low rates of ambient oxygen were
4.5 ml/l and 2.18 ml/l at 30°C and 5.17 ml/l and 2.40 ml/l1 at 35°C. This
is presented in Table 8. The related oxygen consumption, carbondioxide

production, ammonia excretion, R.Q., A.Q. and activity at 30 and 35°C



FIGURE 3

Regression lines fitted for metabolic rates and quotients in
relation to random activity of sea bass aecclimated to and
tested in air saturated brackish water at 30°C. The lines
fitted, as per equations presented, are to show the trend lines
and are calculated for pooled data for all fishes in each case.
The details of fishes (22 fishes - Fish No.L77 to L98) used

are given in Table 26. 'r' value for parameter is also given.
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FIGURE 14

Regression fines fitted for metabolic rates and quotients in relation
to random activity of sea bass acclimated to and tested in air
saturated brackish water at 35°C. The lines drawn, based on the
regression equations, to show the trends and calculated for the
pooled data for all fishes in each case, are given. The details
of fishes (17 fishes) used (Fish No. L, o4 toO L146) are shown in

Table 26. Correlation coefficients are also given.
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Table 8. Measurements of metabolic rates, quotients and random activityin sea bass at

and 'low' ambient oxygen at 30 and 35°C in brackish water.

to mean ambient oxygen concentration near air saturation and

to lowest mean ambient oxygen concentration tested.

determinations. S.D is also given.

The '

Each value is the mean

"high'

high' oxygen refers

'low' oxygen refers
of 15

30°C 35°C

High oxygen Low oxygen High oxygen Low oxygen
Mean of mean ambient
oxygen (ml/1) 4.58(15) + 0.59 2.18(15) + 0.70 5.17(15) + 1.10 2.40(15) ¢t 0.83
Mean rate of oxygen
consumption (mg/kg/hr) 64.11(15) £ 40.54 166.69(15) + 199.37 ,217.01(15) + 151.69 161.81(15) + 109.88
Mean rate of carbon dioxide
production (mg/kg/hr) 221.74(15) + 113.14 414.70(15) + 344.84 257.09(15) + 61.88 369.93(15) t 150.21
Mean rate of ammonia
excretion (mg/kg/hr) 198.25(15) + 251.62 706.29(15) + 547.48 626.04(15) t 598.12 909.91(15) + 682.26
Mean respiratory
quotients (R.Q.) 5.89(15) + 5.34 4.96(15) + 3.54 2.82(15) + 3.46 3.69(15) + 3.03
Mean ammonia
quotients (A.Q) 9.92(15) + 25.86 16.02(15) + 26.11 4.28(15) + 3.70 9.01(15) + 11.77
Mean random
uetivity {c/hr) 16.67(15) | 16.71 21.2(15) ] 11.66 13.85(15) 1 10.79 27.73(15) 17.82
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estimated at high and low ambient oxygen rates are also given in Table

8.

(ii) Influence of ambient oxygen (from air saturation down to asphyxial
level) on metabolic rates, quotients and random activity at 30 and
35°C
Table 9 and 10 present the data regarding the influence of ambient

oxygen on metabolic rates, quotients and random activity of Lates calcarifer

acclimated to and tested at 30 and 35°C and these are graphically shown

in Figures 9 and 10 respectively.
Metabolism

With an increase in the ambient oxygen, the tolal oxygen consumption
showed a corresponding increase from 47.28 mg/kg/hr to 217.02 mg/kg/hr
at 35°C. But at 30°C it first increased from 85.11 mg/kg/hr to 166.82
mg/kg/hr and then decreased to 84.98 mg/kg/br. Oxygen consumption trend

resembles that of Mystus armatus (Sukumaran and Kutty, 1977) at 30°C.

Carbondioxide output increased initially for both 30 and 35°C from 298.59
mg/kg/hr to 580.53 mg/kg/hr and from 121.98 mg/kg/hr to 306.70 mg/kg/hr
and then decreased to 170.08 mg/kg/hr and 210.71 mg/kg/hr respectively.
A further increase in carbondioxide output to 230.13 mg/kg/hr was noticed
at 35°C with no corresponding increase at 30°C. Trend at 35°C is similar

to the work done by Kutty and Peer Mohamed (1975) in Rhinomugil corsula

at 30°C. At 30°C ammonia excretion showed a decreasing trend as in the

case of Puntius sarana at 30°C (Peer Mohamed, 1974). The value declined

from 30.72 mg/kg/hr to 7.91 mg/kg/hr with an increase in ambient oxygen.



Table 9.

Oxygen consumption,

carbon dioxide production,

ammonia excretion,

R.Q.,

A.Q. and

random activity in relation to low ambient oxygen concentration below air saturation

in sea bass acclimated to and tested at 30°C in brackish water. Each value is the average

of groups of data pertaining to 23 determinations (except the last group, 24 deter-

minations) after processing a total of 231 determinations tabulated in an ascending

order of mean ambient oxygen to facilitate the analysis.

S.D. is also given.

Each run lasted for 60 minutes.

Mean ambient

Mean rate of oxygen - Mean of carbon

Mean rate of

Mean respiratory Mean ammonia

Mean random

oxygen consumption dioxide produc- ammonia ex- quotient quotient activity
(ml1/1) ( mg/kg/hr ) tion cretion (R.Q) (A.Q) (counts/hour)
(mg/kg/hr ) (mg/kg/hr )

1.43 1 0.24 85.11+ 97.04 298.59 + 293.28 30.72+ 23.76 4.26 + 3.18 0.78 + 1.11 23.09 + 19.73
1.94 + 0.12 168.60 + 184.39 580.53 + 484.71 25.92+ 27.36 3.83 + 2.69 0.22 t 0.27 29.91 + 22.30
2.26 + 0.07 136.16 + 146.70 349.69+ 415.97 18.95+ 18.48 2.28 + 1.31 0.68 + 1.90 23.27 + 18.96
2.46 + 0.06 135.54 t 111.82 444.94 + 423.71 17.46 = 20.87 3.56 + 3.03 0.15 £ 0.17 26.48 + 22.57
2.67 + 0.06 159.45+ 122,01 387.71+ 331.82 18.69t 24.54 2.81+ 1.81 0.14 £ 0.17 25,30 + 17.47
2.84 = 0.06 158.11+ 126.59 247.57 + 253.04 18.58 £ 23.58 1.78 + 1.05 0.18 + 0.23 22,78 + 20.89
3.02 £ 0.05 166.82 + 150.41 376.89 + 364.70 15.05 + 21.55 2.18 + 0.84 0.20 + 0.47 21.43 + 12.18
3.27 + 0.09 148.68 + 92.44 388.54 + 372.60 15.30+ 22.30 2.54 + 1.59 0.22 £ 0.43 26,18 = 17.03
3.53 £ 0.11 90.55+ 66.98 216.14 £ 251.65 9.81+ 11.72 2.76 £ 2.16 0.12 = 0.11 22.46 t 16.43
4.30 + 0.59 84.98+ 60.23 170.08 £+ 124.59 791+ 9.74 2.02 £ 1.05 0.25 t 0.67 15.09 + 16.08




Table 10.

Metabolic rates, quotients and random activity in relation to low ambient
oxygen concentration below air saturation in sea bass acclimated to and tested
at 35°C in brackish water. Each value is the mean of 15 determinations after
arranging the total of 150 determinations in the ascending order of mean
ambient oxygen to facilitate the analysis. Each run inan experiment lasted

for 60 minutes. S.D. is also given.

Mean ambient Mean rate of oxygen Mean of carbon  Mean rate of Mean respiratory Mean ammonia Mean random
oxygen . consumption. dioxide produc- ammonia ex- quotient quotient activity.
(ml1/1 ) (mg/kg/hr) tion. cretion. (R.Q) (A.Q) ( counts/hour)
( mg/kg/hr) (mg/kg/hr )

1.25 ¢ 0.2‘2 47.28 25.64 121.98 £ 122.45 27.96 £ 64.00 2.34 = 2.04 0.68 + 1.06 22.80 £ 15.56
1.69 = 0.08 104.91 63.94 306.70 + 181.19 14.09 + 11.45 2.96 + 1.23 0.21 + 0.23 34,20+ 19.11
1.91 £ 0.06 104.91 72.06 280.73 + 206.75 10.75+ 9.59 2.57 t 1.59 0.20 £ 0.29 27.64 ¢ 19.21
2,07 = 0.05 115.87 48.30 269.92 + 128.15 13.77 £ 11.02 2.22 * 0.86 0.12 = 0.12 22.92 + 19.67
2.29 + 0.09 163.74 98.96 243.47 £ 146.95 11.26 £ 11.52 1.67 + 0.83 0.16 t 0.28 20.79 + 18.69
2.52 £ 0.06 142.17 75.63 291.61+ 109.71 15.95 + 15.83 2.33 £ 1.16 0.15 t 0.18 30.46 + 22.64
2.74 = 0.10 112.82 64.87 210.71 + 147.38 22.44 £+ 40.96 1.85 + 1.12 0.32 = 0.62 22.15¢ 16.46
3.13 £ 0.13 121.03 74.02 220.94 £ 111.82 15.87 + 16.27 2.20 £ 1.12 0.22 + 0.36 23.29+ 22.45
3.57 £ 0.17 143.24 97.54 277.14 + 158.99 24.88 + 28.20 2.09 + 0.90 0.19 + 0.21 16.92 + 12.63
5.18 + 1.1 217.02 151.68 230.13 + 102.81 19.23 + 17.13 1.53 + 1.26 0.12 t 0.11 13.85+ 10.79




FIGURE 9

Trends pertaining to oxygen consumption, carbon dioxide production,
ammonia excretion, R.Q., A.Q. and random activity in relation
to ambient oxygen below air saturation in sea bass acclimated
to and tested at 30°C in brackish water. Values plotted are based
on Table 9. The details of fishes used (Fish No.L9 to L are

9 127
given in Table 26).
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FIGURE 10

Trends pertaining to metabolic rates, quotients and random activity
in relation to ambient oxygen below air saturation in sea bass
acclimated to and tested at 35°C in brackish water based on Table
10. The details of fishes used (15 fishes - Fish No.L,,. to L161)

are given in Table 26.
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However, at 35°C the ammonia values showed an initial deeclining trend

from 27.96 mg/kg/hr to 11.26 mg/kg/hr and later rose to 19.23 mg/kg/hr.

Metabolie quotients

R.Q. at both the temperatﬁres showed a declining trend as in gold
fish at 30 and 35°C (Peer Mohamed, 1974). It declined from 4.26 to 2.02
at 30°C but at 35°C there was an initial increase from 2.34 to 2.96 and
then a drop to 1.53. At both 30 and 35°C the trend obtained for A.Q.
values in this experiment were comparable to that observed for Rhinomugil
corsula (Kutty and Peer Mohamed, 1975). The trend in A.Q. obtained

for Mystus armatus at a temperature of 30°C also compares well with the

current values for Lates calcarifer at the same temperature. The A.Q.

values declined from 0.78 to 0.25 and 0.68 to 0.12 at 30 and 35°C res-

pectively.
Activity

Activity showed a similar trend at both the temperatures (30 and 35°C)
with a rise in the beginning from 23.09 counts/hour to 29.91 counts/hour

and from 22.80 counts/hour to 34.20 counts/hour respectively and a fall

at the end to 15.09 counts/hour and 13.85 counts/hour respectively.
Asphyxial oxygen

The mean asphyxial oxygen (Table 5) was 1.53 ml/l at 30°C and
1.60 ml/l at 35°C in brackish water. The highest and lowest rates of oxygen
during asphyxia were 2.6 ml/l (Fish weight, 38.69 g) and 0.7 ml/l (Fish weight,

15.70 g) at 30°C and 3.0 ml/l (Fish weight, 24.35 g) and 0.8 ml/l (Fish

weight, 25.34 g) at 35°C.
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(iii) Metabolic rates, quotients and random activity during hypoxia and

recovery at 30 and 35°C

Figure 15 shows graphically the oxygen consumption, carbondioxide
production, ammonia execretion, R.Q., A.Q. and random activity of Lates
calearifer (acclimation and test at 30°C) subjected to a hypoxic phase until
the fish was ésphyxiated in a closed respirometer and a subsequent recovery
phase (in air saturated water). Similar values obtained for the fish accli-
mated to and tested at 35°C are given in Fig.16. The Tables 11 and 12
explain the mean values obtained for metabolism and random activity under

hypoxia and recovery.
Metabolism

Mean ambient oxygen declined from 3.36 ml/l to 2.38 ml/l and from
3.54 ml/l to 3.11 mi/l during hypoxia at 30 and 35°C respectively but it
again increased to 3.55 ml/l at the 5th hour during recovery. The hypoxic

condition at 30°C compared well with hypoxic condition in Rhinomugil corsula

(Kutty and Peer Mohamed, 1975), in Tilapia mossambica (Peer Mohamed

and Kutty, 1981) and also in Mystus armatus (Sukumaran and Kutty, 1977).

Similarly the hypoxic condition at 35°C agrees well with the same condition

in Tilapia mossambica (Peer Mohamed and Kutty, 1981) and the recovery

condition with that of Rhinomugil corsula (Kutty and Peer Mohamed, 1975).

In the recovery phase of 30°C mean ambient oxygen rose to 3.09 ml/] at
the 4th hour and then decreased to 2.88 mi/l.  Oxygen consumption showed

a decreasing trend as in Rhinomugil corsula (Kutty and Peer Mohamed,

1975) declining from 171.73 mg/kg/hr to 142.20 mg/kg/hr at 30°C but it



Table 11. Rates of oxygen consumption, carbon dioxide production, ammonia excretion, R.Q.,
A.Q. and random activity in sea bass acclimated to and tested at 30°C during hypoxia
and recovery in brackish water. The values shown are means (+ S.D) of 15 deter-
minations in each case (except the last two runs, 14 and 8 determinations respecti-
vely) of the total of 67 determinations arranged in the sequential order of runs
in hours in experiments for 15 fishes to facilitate the analysis. Each run lasted

for 60 minutes except the last run where the fish lost its equilibrium.

Experimental Mean ambient Mean rate of Mean rate of Mean rate of Mean res- Mean ammonia Mean random

[47]
runs oxygen. oxygen con-  carbon di- ammonia ex-  piratory quotient activity. _5::
(in hours) ( mi/1) sumption. oxide produc- cretion. quotient (A.Q.) ( counts/hour ) g
( mg/kg/hr) tion. ( mg/kg/hr) (R.Q) >
(mg/kg/hr )

I 3.36 171.73 331.89 25.97 2.06 0.45 10.00 1}
+ 1.23 + 195.55 + 358.73 + 19.79 + 0.63 "+ 0.85 + 8.94 1} }j
i o
I 2.38 142.20 369.44 27.05 3.61 0.94 18.31 1 S
+ 0.70 + 188.55 + 350.44 + 21.04 + 2.02 + 2.27 $15.27 4 F

1 2.61 175.64 426.44 38.65 3.05 0.86 13.14 4

+ 0.92 + 153.17 + 401.54 + 41.16 + 2.86 + 2.04 + 8.55 g

v 3.09 131.65 427.19 19.15 3.52 1.40 14.17
+ 1.20 + 102.30 + 488.63 + 22.69 + 2.73 +2.92 + 9.44 1} g
i 2
v 2.88 132.72 391.85 28.37 2.65 0.24 17.25 4 9
L 9.96 1 78.40 t 444.58 93,89 L 1.95 L 0.22 Lisois b 2




Table 12.

Metabolic rates, quotients and random activity in sea bass acclimated to and

tested at 35°C during hypoxia and recovery in brackish water.

Each wvalue

is

the average of 15 determinations (except the last two runs, 14 and 8 determina-

tions respectively) of the total of 67 determinations arranged in the sequential

order of runs in hours in experiments for 15 fishes to facilitate the analysis.

Each run lasted for 60 minutes except the last run where the fish lost its equili-

brium. S.D. is also given.

Experimental Mean ambient Mean rate of Mean rate of Mean rate of Mean res- Mean ammonia Mean random
runs oxygen oxygen con- carbon di- ammonia ex- piratory quotient activity g
(in hours) (ml/1) sumption oxide produc- cretion quotient (A.Q) (counts/hour)y
(mg/kg/hr) tion ( mg/kg/hr) (R.Q) £
(mg/kg/hr) =
I 3.54 165.79 182.79 16.61 1.31 0.10 10.40 §
+ 1.67 + 128.70 116.42 14.13 0.62 + 0.07 10.67 4
i %
11 3.11 173.35 319.07 26.43 2.60 0.25 28.40 | é
+ 1.49 +  127.74 154.57 38.90 1.81 + 0.59 16.48 g o
11 3.39 176.78 215.05 21.93 1.36 0.22 26.69 |
t 1.65 12017 181.86 29.14 (.85 +0.34 1341
]
v 3.06 119.95 207.16 16.83 1.54 0.15 21.82 ’ >
+ 0.95 * 84.67 179.47 19.86 0.89 £ 0.12 11.64 g g
@]
o
\ 3.55 129.57 343.83 22.39 2.67 0.19 19.00 g §
+ 1.65 + 97.58 190.11 22.95 0.89 + 0.11 12.00 )




FIGURE 15

Trends pertaining to metabolic rates, quotients and random activity
of sea bass subjected to acclimation and test at 30°C in brackish
water during hypoxia and recovery based on Table 11. The details

of fishes used (Fish No.Lgg to L127) given in Table 26.
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FIGURE 16

Trends pertaining to metabolic rates, quotients and random activity
of sea bass subjected to acclimation and test at 35°C in brackish
water during hypoxia and recovery based on Table 12. The details

of fishes used (Fish No.L147 to L161) are given in Table 26.
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increased from 165.79 mg/kg/hr to 176.39 mg/kg/hr at 35°C. In recovery
phase, at both the temperatures, it dropped first from 175.64 mg/kg/hr to
131.65 mg/kg/hr and from 176.78 mg/kg/hr to 119.95 mg/kg/hr respectively
and then rose to 132.72 mg/kg/hr and 129.57 mg/kg/hr.  This rise is an
indication of repayment of oxygen debt. Carbondioxide output was found
to be increasing from 331.89 mg/kg/hr to 369.44 mg/kg/hr during hypoxia
and decreasing from 426.44 mg/kg/hr to 391.85 mg/kg/hr  during recovery

phase at 30°C. This trend is similar to that for Tilapia mossambica at

the same temperature, as reported by Peer Mohamed and Kutty (1981).
When the temperature was increased to 35°C carbondioxide production in-
creased from 182.79 mg/kg/hr to 319.09 mg/kg/hr during hypoxia, and during
recovery decreased from 215.05 mg/kg/hr to 207.16 mg/kg/hr  and again

increased to 343.83 mg/kg/hr at the fifth hour.

Ammonia excretion rose from 25.97 mg/kg/hr to 27.05 mg/kg/hr
at 30°C and from 16.61 mg/kg/hr to 26.43 mg/kg/hr at 35°C during hypoxia.

As in the case of sea water, these trends resemble that for Rhinomugil

corsula (Kutty and Peer Mohamed, 1975) at both temperatures. This also

agrees well with the hypoxie condition in Tilapia mossambica (Peer Mohamed

and Kutty, 1981) at 35°C. During recovery it showed a decrease from 38.65
mg/kg/hr to 19.15 mg/kg/hr and from 21.93 mg/kg/hr to 16.83 mg/kg/hr

respectively, and again rose to 28.37 mg/kg/hr and 22.39 mg/kg/hr during

the fifth hour.
Metabolic quotients
Quotients (R.Q. and A.Q.) showed an increasing trend during hypoxia

at both temperatures. R.Q. increased from 2.06 to 3.61 at 30°C and from
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1.31 to 2.60 at 35°C, while A.Q. rose from 0.45 to 0.94 at 30°C and 0.10
to 0.25 at 35°C. During recovery the R.Q. increased first from 3.05 to
3.52 and then declined to 2.65 at the fifth hour; and A.Q. declined from
0.86 to 0.24 at the fifth hour (both at 30°C). At 35°C the R.Q. increased
from 1.36 to 2.67 but A.Q. decreased from 0.22 to (.19. R.Q. at  30°C

appeared to be similar to that of Rhinomugil corsula (Kutty and Peer

Mohamed, 1975) and Tilapia mossambica (Peer Mohamed and Kutty, 1981) at

the same temperature. Both R.Q. and A.Q. at 35°C compare well with

the results for Tilapia mossambica at 35°C (Kutty and Peer Mohamed, 1975;

Peer Mohamed and Kutty, 1981).
Activity

At 30°C during hypoxia, the fish showed trends similar to that of

Rhinomugil corsula (Kutty and Peer Mohamed, 1975). At 30°C activity

first increased from 10 counts/hour to 18.31 counts/hour during hypoxia,
and it rose from 13.14 counts/hour to 17.25 counts/hour during recovery.
However, at 35°C, although activity increased from 10.40 counts/hour to
28.40 counts/hour during hypoxia, it deeclined from 26.29 counts/hour to
19 counts/hour during recovery. The trend for 35°C in recovery phase is

quite similar to that in Rhinomugil corsula (Kutty and Peer Mohamed, 1975)

at 30°C.
C) EXPERIMENTS IN FRESHWATER

(i) Influence of random activity on metabolic rates and quotients at

high ambient oxygen at 30 and 35°C
Regression lines fitted for plots of metabolic rates and quotients

against random activity to show the trends at 30 and 35°C at ambient
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oxygen concentration near air saturation are as shown in Figures 5 and
6. Average or mean values of routine and standard metabolic rates (extra-
polated values to 0 activity), and random activity are included in Table
1. Regression equations of the same at 30 and 35°C are also shown in
Figures 5 and 6. 'r' value or regression coefficient of carbondioxide pro-
duction at 30°C was found to be significantly different at 1% level and
A.Q. at 35°C was found to be significantly different at 5% level. All others

did not show any significant difference.

The high rates of ambient oxygen in freshwater were found to be
4.26 ml/1 and 4.15 ml/l at 30 and 35°C. Corresponding low rates were
1.88 ml/l and 1.89 ml/l. The related rates of oxygen consumption, carbon
dioxide production, ammonia excretion, R.Q., A.Q. and activity observed
at high and low rates of ambient oxygen at both temperatures are presented
in Table 13.
(ii) Influence of ambient oxygen (from air saturation down to asphyxial

level) on metabolic rates, quotients and random activity at 30 and
35°C

Trend lines of results for Lates calcarifer acclimated to 30 and

35°C and held under hypoxic condition are shown in Figures 11 and 12.
The corresponding data are given in Tables 14 and 15. There is striking
similarity in the patterns of data obtained for fish at both the temperatures.
Metabolism

Oxygen consumption was found to be increasing from 39.07 mg/kg/hr

to 91.17 mg/kg/hr at 30°C and from 35.40 mg/kg/hr to 113.05 mg/kg/hr



Table 13.

Measurements of metabolic rates,

'high' and 'low' ambient oxygen at 30 and 35°C in freshwater.

quotients and random activity in sea bass at

The 'high' oxygen

refers to mean ambient oxygen concentration near air saturation and 'low' oxygen

refers to lowest mean ambient oxygen concentration tested.

mean of 15 determinations.

S.D. is also given.

Each value

is the

30°C 35°C

High oxygen Low oxygen High oxygen Low oxygen
Mean of mean ambient
oxygen (ml/1) 4.26(15) t 0.44 1.88(15) + 0.49 4.15(15) + 0.40 1.89(15) ¢ 0.53
Mean rate of oxygen
consumption (mg/kg/hr) 88.33(15) + 30.34 51.52(15) = 14.66 119.18(15) + 29.35 37.76(15) =  28.29
Mean rate of carbon
dioxide production
(mg/kg/hr) 168.87(15) t 70.56 268.45(15) + 97.43 275.25(15) + 96.18 302.84(15) +  72.93
Mean rate of ammonia
excretion (mg/kg/hr) 317.37(15) + 174.17 389.51(15) + 325.16 862.55(15) + 567.56 846.57(15) + 412.48
Mean respiratory
quotient (R.Q.) 2.62(15) + 0.91 5.45(15) = 1.83 2.36(15) = 0.81 12.73(15) + 9.93
Mean ammonia quotient
(A.Q.) 3.22(15) + 2.58 8.11(15) = 6.13 7.91(15) + 5.37 33.99(15) + 28.08
Mean random activity
(e/hr) 32.8(15) + 17.19 17.33(15) + 20.69 46.93(15) + 19.42 15.2(15) +  15.82




Table 14. Rates of oxygen consumption, carbon dioxide production, ammonia excretion, respiratory
quotient, ammonia gquotient and random activity in relation to mean ambient oxygen
below air saturation in sea bass acclimated to and tested at 30°C in freshwater.
Each value is the average of groups of data pertaining to 10 determinations (except
the last group, 9 determinations) after arranging the total of 99 determinations in
the ascending order of mean ambient oxygen to facilitate the analysis. Each run

in an experiment lasted for 60 minutes. S.D. is also given.

Mean ambient Mean rate of oxygen Mean of carbon Mean rate of Mean respiratory Mean ammonia  Mean random
oxygen consumption dioxide produc- ammonia ex- quotient quotient activity
(ml/1) (mg/kg/hr ) tion cretion (R.Q) (A.Q.) (counts/hour)
(mg/kg/hr) ( mg/kg/hr )
1.49 t 0.28 39.07 £ 17.99 189.09 + 92.16 10.69 £ 5.56 4.82 + 2.32 0.35+ 0.26 34.65 + 18.92
2.06 £ 0.13 41.88 £ 17.02 177.00 £ 156.88 17.88 £ 17.40 3.70 + 2.33 0.48 + 0.40 28.56 £ 25.95
2.32 =+ 0.06 70.71+ 29.44 187.09 + 101.21 17.74 £ 19.49 2.79+ 1.51 0.30 £ 0.35 24.35 +19.89
2.58 t 0.10 55.31+ 21.98 131.91 =+ 76.02 9.88+ 17.07 2.61+ 1.37 0.19+ 0.13 26.40 + 15.57
2.86 = 0.07 88.73 £ 35.00 139.16 = 86.23 9.98+ 9.71 1.73 + 1.12 0.15 ¢ 0.20 23.00 +12.19
3.03 + 0.06 71.03 £ 19.43 131.98 + 47.36 7.83+ 3.90 1.99+ 0.99 0.11+ 0.07 23.60 +17.23
3.32 = 0.11 102.61+ 59.49 129.44 + 48.04 9.10 £ 5.57 1.61+ 1.12 0.10 + 0.07 20.60 + 13.03
3.59 = 0.07 105.77 £ 56.67 173.32 + 81.46 10.24 + 11.82 1.84+ 0.87 0.12+ 0.17 32.00 + 16.88
3.79 = 0.07 87.27 + 19.53 182.28 + 45.48 13.78 £+ 13.16 2.22 ¢ 0.74 0.16 £ 0.15 38.20 + 13.77

4.54 t 0.35 91.17+ 35.16 160.24 + 82.96 8.00+ 4.11 1.87+ 0.89 0.10 £ 0.07 26.22 +15.11




Table 15. Metabolic rates, quotients and random activity in relation to mean ambient oxygen
below air saturation in sea bass acclimated to and tested at 35°C in freshwater.
Each value is the average of groups of data pertaining to 7 determinations (except
the last group, 13 determinations) after arranging the total of 76 determinations
in the ascending order of mean ambient oxygen to facilitate the analysis. Each

run lasted for 60 minutes. S.D. is also given.

Mean ambient Mean rate of oxygen Mean of carbon Mean rate of Mean respiratory Mean ammonia Mean random
oxygen consumption dioxide produc- ammonia ex- quotient quotient activity
(ml/l) (mg/kg/hr) tion cretion (R.Q) (A.Q.) (counts/hour)
(mg/kg/hr) (mg/kg/hr )

1.33 0.37 35.40 + 19.31 192.49 + 140.84 29.81 + 14.52 5.73 = 3.32 1.06 + 0.70 59.43 + 11.06
2.15 0.18 56.69 * 57.59 144.37 £ 131.51 30.92 + 14.57 3.29 = 2.81 1.21+ 1.08 50.71+ 17.58
2.53 0.13 62.41 = 24.30 153.27 + 48.81 17.27 + 4.48 2.61 = 0.74 0.32+ 0.14 40.57 + 18.09
2.86 0.09 120.57 + 43.82 249.80 + 118.06 24.17 ¢t 8.93 2.28 + 1.34 0.26 + 0.24 50.57 £ 20.29
3.16 0.09 134.91 £ 26.57 255.91+ 122.87 21.36 £+ 14.93 1.86 + 0.66 0.17+ 0.13 59.43 £ 37.43
3.39 0.09 147.76 £ 23.09 276.41+ 162.14 16.42 £ 8.78 1.86 + 0.90 0.12t 0.08 55.14 ¢+ 30.50
3.58 0.03 143.02 + 46.70 262.39 £ 151.80 12.22 + 8.74 1.84 + 0.79 0.09 + 0.06 43.71+ 15.64
3.68 0.02 136.17 + 19.03 277.86 4 73.81 13.82 + 8.42 2.05 + 0.45 0.10 + 0.06 18.86 ¢+ 22.00
3.77 0.04 135.40 = 20.33 292.23 £ 89.39 11.95 4 5.76 2.15 + 0.55 0.09 + 0.05 58.86 + 30.98
4.21 0.40 113.05 = 25.68 211.38 £ 115.19 27.27 + 15.16 1.84 = 0.93 0.26 £ 0.15 44,92+ 19.35




FIGURE 5

Regression lines fitted for metabolic rates and quotients in relation
to random activity of sea bass acclimated to and tested in air
saturated freshwater at 30°C. Each value plotted is ’a mean of
observations obtained for 15 fishes. The lines fitted are based
on the regression equations to show the trends. 'r' value for each

parameter is also given. The details of fishes (15 fishes - fish

No.L,e, to L176) are given in Table 26.
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FIGURE 6

Regression lines fitted for metabolic rates and quotients in relation
to random activity of sea bass acclimated to and tested in air
saturated freshwater at 35°C, based on the equations given, are
presented to show the trend lines. Each value plotted is the mean
of observations obtained for 15 fishes. The details of fishes (15
fishes - fish No. L to L,..) are given in Table 26. Correlation

192 206

coefficient ('r' value) for each parameter is also given.
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FIGURE 11

Trends pertaining to metabolic rates, quotients and random activity
in relation to ambient oxygen below air saturation, in sea bass
acclimated to and tested at 30°C in freshwater based on Table
,14' The details of fishes used (15 fishes - Fish No.L,,, to L191)

are shown in Table 26.
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FIGURE 12

Trends pertaining to metabolic rates, quotients and random activity
in relation to ambient oxygen below air saturation, in sea bass
acclimated to and tested at 35°C in freshwater based on Table
15.  The details of fishes used (15 fishes - Fish No.L207 to L221)

are given in Table 26.



120,
1001
080
0601
040
02¢¢
301
3007
2504
100
1504
1004

anoy Jsyuncd

NOILLIHIX T EHN NOLLINA0¥d 200 NOILdWNSNOD 20

AMBIENT OXYGEN (mift)




35

at 35°C.  Carbondioxide production showed a decreasing trend from 189.09
mg/kg/hr to 160.24 mg/kg/hr at 30°C whereas in the same medium at 35°C
it showed an increase from 192.49 mg/kg/hr to 292.23 mg/kg/hr and then
dropped down to 211.38 mg/kg/hr. Ammonia excretion was found to be
deviating from a maximum of 10.69 mg/kg/hr to a minimum of 8.00 mg/kg/hr
based on varying ambient oxygen. As the ambient oxygen increased, the
ammonia excretion increased first from 10.69 mg/kg/hr to 17.88 mg/kg/hr
and then decreased to 7.83 mg/kg/hr and further rose to 8 mg/kg/hr at
30°C in freshwater. When the temperature was increased to 35°C ammonia
excretion was observed to decrease from 29.81 mg/kg/hr to 12.22 mg/kg/hr

with a further increase to 27.27 mg/kg/hr.
Metabolic quotients

The trend at 30 and 35°C in R.Q. was in accordance with the trend
in carbondioxide production. R.Q. also resembles the trend in Rhinomugil
corsula (at 30 and 35°C) (Kutty and Peer Mohamed, 1975). It showed a
decrease from 4.82 to 1.87 with the increase of ambient oxygen at 30°C
and at 35°C this was found to decrease from 5.73 to 1.84. An alternate
increase and decrease was shown by the A.Q. values at 30 and 35°C. At
30°C it first increased from 0.35 to 0.48 and then decrcased to a minimum
of 0.10. At 35°C and 0% salinity an increase was observed from 1.06 to

1.21. A.Q. then dropped to 0.09 from 0.32 and further rose to 0.26.
Activity

Activity showed an alternate decrease and increase from 34.65 counts/

hour to 23 counts/hour and from 23.60 counts/hour to 38.20 counts/hour
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respectively and again declined to 26.22 counts/hour at 30°C. A similar
decreasing trend was also observed at 35°C from 99.43 counts/per hour
to 40.57 counts/hour followed by an increase to 58.86 counts/hour and a

further drop to 44.92 counts/hour.
Asphyxial oxygen

A value of 1.54 ml/l at 30°C and 1.60 ml/] at 35°C (Table 5) were
observed as the mean values of asphyxial oxygen in freshwater. The maximum
and minimum rates detected were 3.1 ml/l1 (Fish weight, 30.00 g) and 0.5
ml/1 (Fish weight, 34.20 g) at 30°C. The corresponding rates at 35°C were

2.5 ml/l (Fish weight, 40.34 g) and 0.6 ml/1 (Fish weight, 40.22 g).

(iii) Metabolic rates, quotients and random activity during hypoxia and
recovery at 30 and 35°C

Mean values of metabolism and random activity of the test species
at 30 and 35°C are summarised in Tables 16 and 17.  The graphical represent-

ation of the same are presented in Figures 17 and 18.
Metabolism

As in the case of both sea water and brackish water, mean ambient
oxygen showed a decreasing trend which resembles the trend in Rhinomugil
corsula at 30 and 35°C during hypoxia. Mean ambient oxygen dropped during
hypoxia, from 3.46 mil/l to 1.84 ml/l1 and from 3.34 ml/l to 1.89 ml/]l at
both temperatures respectively but during recovery at 30°C first it increased
from 3.25 ml/1 to 3.42 ml/l and then slightly declined to about 3.34 ml/l.

At 35°C, it showed an opposite trend by decreasing from 3.66 ml/l to



Table 16.

Metabolic rates, quotients and random activity in sea bass acclimated to and

tested at 30°C in freshwater during hypoxia and recovery.

Each value is the

average of 15 determinations (except the last run, 13 determinations) of the total

of 73 determinations after arranging them in sequential order of runs in hours

in experiments for 15 fishes to facilitate the analysis.

minutes except the last run where the fish lost its equilibrium.

Each run lasted for 60

S.D. is also given.

Experimental Mean ambient Mean rate of Mean rate of Mean rate of Mean res- Mean ammonia Mean random
runs oxygen oxygen con- carbon di- ammonia ex-  piratory quotient activity #
(in hours) (mi/l) sumption oxide produc- cretion quotient (A.Q.) ( counts/hour) g
(mg/kg/hr) tion ( mg/kg/hr) (R.Q) 0
(mg/kg/hr) e
I 3.46 101.63 198.18 14.90 2.12 0.19 29.87 § ©
t 0.61 £ 40.75 + 87.68 13.47 0.71 0.22 t 16.81 } =
£
! =
I1 1.84 54.50 266.94 23.31 5.14 0.46 40.07 §
t0.47 £ 14.45 t  94.35 18.34 1.86 0.38 t 17.86 |
1 3.25 91.49 166.03 10.59 2.33 0.14 38.27 4
t 0.95 t 41.37 t 62.12 10.77 1.74 0.15 t 18.45 z
ﬁ >
v 3.42 89.41 173.27 18.82 1.96 0.29 By b g
1 0.89 t29.19 t70.81 20.12 0.67 0.46 L 19.86 : >
O
b=
\Y 3.34 79.37 219.74 22.04 2.81 0.30 49.9 d
t 0.48 t 17.34 t 49.86 20.43 .52 0.34 £ 20.45 g




Table 17. . . - . .
17 Metabolic rates, quotients and random activity in sea bass acclimated to and tested

at 35°C in freshwater during hpoxia and recovery. Each value is the average of 15
determinations of the total of 75 determinations arranged in the sequential order
of runs in hours in experiments for 15 fishes to facilitate the analysis. Each run
lasted for 60 minutes except the last run where the fish last its equilibrium. S.D.

Is also given.

fjﬁ:“memal Mein dmbient Mean rate of Mean rate of Mean rate of Mean res-  Mean ammonia Mean random
(in hours) (r?{ge“ oxygen con-  carbon di- ammonia ex-  piratory quotient (A.Q) activity s
) sumption oxide produc- eretion quotient ( counts/hour) g
( mg/kg/hr) (mg/kg/hr)  (mg/kg/hr) (R.Q.) g
I
L ol 115.14 178.03 14.32 1.71 0.17 3813 1 _
-84 + 48.49 + 63.63 + 10.22 + 0.90 + 0.19 + 18.46 | 2
b8
i bz
+ 8‘89 37.76 147.62 29.18 4.20 1.12 56.33 1§
-33 + 28.29 +124.19 + 13.79 + 2.91 + 0.84 t 13.86 |
I
s 8-66 143.75 217.45 16.22 1.59 0.11 41.07 §
97 t 30.87 t 52.32 £ 11.04 t+ 0.51 +  0.07 + 18.33 |
]
v 3.3 {
1 g 126.05 220.92 21.43 1.89 0.22 43.07 § >
-68 t 47.38 + 83.87 + 11.19 + 0.83 + 0.22 t 1442 ¢
P38
v 3.5 f é
+ o 119.70 266.68 27.03 2.38 0.24 47.47
+53 + 31.73 + 65.87 + 15.83 + 0.84 + 0.15 t 11.58




FIGURE 17

Trends pertaining to oxygen consumption, carbon dioxide production,
ammonia excretion, R.Q., A.Q. and random activity of sea bass
acclimated to and tested at 30°C in freshwater during hypoxia
and recovery based on Table 16. The details of fishes used (Fish

No.L ., to L191) are given in Table 26.
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FIGURE 18

Trends pertaining to metabolic rates, quotients and random activity
of sea bass acclimated to and tested at 35°C in freshwater during
hypoxia and recovery based on Table 17. The details of fishes

used are (Fish No.L207 to L221) given in Table 26.
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‘Table 26. Details of fish used for experiments. Each fish is given a

code number. 'L' denotes Lates calcarifer.

Fish No. Fish length  Fish weight Fish No. Fish length  Fish weight

cm g cm g

L4 8.70 7.68 L oq 12.10 27.55
Lo 9.50 7.42 L o4 12.15 25.64
Ly 9.60 7.30 Los s  12.00 28.09
Ly, 9.65 12.62 L 96 12.10 27.20
L 9.67 12.00 L o7 13.30 31.70
Lg 9.65 11.65 L g 11.80 29.38
Lq 9.70 12.54 L 9g 12.90 28.54
Lg 11.80 32.61 L 30 12.80 28.60
Lg 11.85 30.80 L 4, 13.50 34.07
L 1o 11.90 32.45 L g9 13.30 33.98
Ly 11.95 33.34 L 43 13.20 31.78
L9 11.80 31.45 L g4 13.40 34.88
L3 11.85 32.10 L g5 13.30 32.68
L 14 11.80 32.33 L 36 15.00 43.35
L1s 11.95 34.61 L 3, 13.00 32.92
L1g 11.80 33.78 L g 13.20 32.10
L 17 11.80 31.50 L a4 15.00 46.19
Lig 11.90 32.63 L 40 13.40 35.00
L1g 12.00 26.26 L 13.50 38.14
Lgg 12.10 27.43 L 49 13.30 32.86
Lo1 12.10 25.80 L 43 13.40 33.81

Lgg 12.05 24.32 L g4 13.40 33.04




Table 26. contd.

Fish No. Fish length Fish weight  Fish No.  Fish length Fish weight
cm g cm g
L 45 11.90 32.95 L 68 15.00 38.10
L 46 11.95 30.80 L 69 13.20 32.33
L 47 11.90 32.40 L 70 13.50 34.29
L 48 11.80 31.33 L 71 15.20 45.52
L 49 11.85 32.10 L 79 13.70 34.33
L 50 11.90 31.70 L 73 13.60 38.01
L, 13.20 32.60 L74 13.70 35.20
L g 13.25 30.50 L 75 13.70 34.21
L 53 13.20 31.20 L 76 13.80 39.24
L54 13.30 29.90 L77 10.80 15.98
L55 12.20 23.77 L78 10.90 14.43
L 56 13.30 33.96 L 79 7.00 5.77
L 57 15.20 44.80 L 80 15.30 45.89
Leg 13.50 35.10 L81 13.70 31.94
L 59 13.50 34.90 L82 13.80 28.95
L 60 13.10 30.52 L83 13.70 24.35
L61 11.80 28.86 L84 12.00 16.85
L62 13.30 32.02 Lg5 12.20 18.85
L63 15.10 44.14 L86 12.10 19.78
Lea 13.30 31.01 L87 15.40 41.05
L65 15.00 41.80 L88 15.50 40.93
L66 13.20 33.40 L89 14.45 40.80
L67 15.00 40.20 L90 10.50 19.98




Table 26.

contd.

Fish Fish length  Fish weight  Fish No. Fish length  Fish weight
No. cm g cm g
L g4 14.70 33.30 L 114 13.00 27.74
L g9 14.60 33.25 L yis 13.50 24.32
L gg 15.70 33.34 L6 14.10 40.88
L 94 11.40 15.13 L 117 13.20 36.80
L 95 11.45 13.77 L 118 14.70 46.17
L 96 11.40 16.92 L 119 15.00 45.98
L 97 14.20 37.26 L 120 16.90 66.28
L 98 14.10 34.77 L 121 11.00 18.02
L 99 10.90 5.80 L 129 11.10 17.70
L 100 11.10 5.792 L 123 13.80 32.89
L101 11.10 4.68 L 124 11.10 15.70
L 109 11.05 5.80 L 195 10.50 11.60
L 103 10.90 15.59 L 126 10.30 23.46
L 104 7.32 7.90 L 197 13.30 30.10
L 105 8.10 6.37 L 198 14.30 38.69
L 106 8.00 6.60 L 129 11.20 19.88
L 107 8.05 6.00 L 130 11.25 19.59
L 108 7.80 7.15 L 131 14.20 35.89
L 109 9.60 12.98 L 139 14.30 35.89
L 110 10.00 9.07 L 133 11.90 20.00
L111 10.30 13.17 L 134 11.30 18.27
L 119 12.00 12.72 L 135 11.40 18.20
L 113 11.40 18.62 L 136 11.70 20.39




Table 26. contd.

Fish Fish length Fish weight Fish No.  Fish length  Fish weight
No. em g cm g

L 137 13.50 28.89 L 160 12.20 24.74
L 138 11.80 22.90 L 161 12.00 26.09
L 139 11.90 23.60 L 169 16.10 49.54
L 140 13.00 20.12 L 163 16.20 61.54
L 141 13.10 28.39 L 164 17.00 80.65
L 142 13.20 26.31 L 165 16.00 59.40
L 143 12.80 19.70 L 166 16.20 60.43
L 144 12.90 18.85 L 167 16.10 41.54
L 145 11.10 21.29 L 168 16.20 60.42
L 146 12.30 27.60 L 169 16.25 59.10
L 147 13.30 24.31 L 170 15.90 62.00
L 148 12.40 28.19 L 171 15.80 60.00
L 149 12.30 26.46 L 179 16.00 59.30
L 150 12.20 25.42 L 173 15.90 61.12
L 151 12.30 25.34 L 174 15.80 61.04
L 159 11.50 22.54 L 175 16.10 58.82
L 153 11.80 22.50 L 176 15.90 59.25
L 154 10.30 15.62 L 177 14.50 35.00
L 155 12.40 24.35 L 178 14.40 33.80
L 156 11.90 21.59 L 179 13.20 30.00
L 157 12.00 21.23 L 180 14.20 34.20
L 158 12.00 25.66 L 181 14.30 34.00
L 12.10 23.81 L 14.80 58.20

159 182




Table 26. contd.

Fish Fish length  Fish weight Fish No. Fish length Fish weight
No. cm g cm g
L g3 14.60 56.92 L 507 14.70 38.00
L 184 14.80 60.00 L 208 13.80 33.00
L g5 14.70 55.40 L 509 14.80 41.00
L 186 14.80 60.23 L 210 14.70 40.22
L 187 14.60 58.41 L 911 14.80 41.43
L 188 14.70 46.64 L 9219 14.90 42.00
L 189 14.60 57.92 L 213 14.00 37.61
L 190 14.80 61.29 L 514 14.70 39.00
L 191 14.80 60.83 L 915 14.80 40.34
L 199 14.30 33.71 L 916 14.10 38.00
L 193 14.60 36.20 L 947 14.60 57.04
L 194 14.50 34.70 L 918 14.80 42.84
L 495 13.70 31.12 L 949 14.70 38.39
L 196 14.70 36.51 L 990 14.90 43.82
L 197 14.00 37.52 L 991 14.70 39.26
L 93 14.70 39.10

L 199 14.80 40.21

L 900 14.10 37.90

L 901 14.80 39.80

Logo 14.60 57.01

Logs 14.70 40.32

Loos 14.80 38.14

Logs 14.70 36.58

L2os 14.70 39.18
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3.33 ml/l and then increasing to about 3.57 ml/l during recovery. Hypoxia

at 30°C is quite similar to that of Tilapia mossambica (Peer Mohamed,

1974; Peer Mohamed and Kutty, 1981) and Mystus armatus at the same

temperature (Sukumaran and Kutty, 1977). IHypoxia at 35°C also is similar

to that of hypoxia in Tilapia mossambica at 35°C (Peer Mohamed, 1974

and Peer Mohamed and Kutty, 1981).

Oxygen consumption at both the temperatures declined in a similar
pattern to the values for sea water. This was also the case for Rhinomugil
corsula as reported by Kutty and Peer Mohamed, 1975. During hypoxia
oxygen consumption declined from 101.63 mg/kg/hr to 54.50 mg/kg/hr and
115.14 mg/kg/hr to 37.76 mg/kg/hr at 30 and 35°C; and during recovery
from 91.49 mg/kg/hr to 79.37 mg/kg/hr and from 143.75 mg/kg/hr to 119.70

mg/kg/hr respectively. Hypoxia at 30°C resembles that of Tilapia mossambica

(Peer Mohamed and Kutty, 1981) and recovery at 30°C resembles the pattern

for Tilapia mossambica (Peer Mohamed and Kutty, 1981) as well as Mystus

armatus (Sukumaran and Kutty, 1977). Hypoxia at 35°C is similar to that

of Rhinomugil corsula (Kutty and Peer  Mohamed, 1975) and Tilapia

mossambica (Peer Mohamed and Kutty, 1981) and the recovery compares

well with that of Tilapia mossambica (Kutty and Peer Mohamed, 1975).

The trend in carbondioxide production at 30°C showed an increase
from 198.18 mg/kg/hr to 266.94 mg/kg/hr during hypoxia. This resembles

the hypoxic phase in Tilapia mossambica (Peer Mohamed and Kutty, 1981).

But when the temperature was raised to 35°C it showed a decrease from

178.03 mg/kg/hr to 147.62 mg/kg/hr; whereas in recovery phase at 30°C
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it increased from 166.03 mg/kg/hr to 219.74 mg/kg/hr and at 35°C from

217.45 mg/kg/hr to 266.68 mg/kg/hr.

As in sea water, ammonia excretion showed an increasing trend in

hypoxia which resembles the trend in Rhinomugil corsula at both the tem-

peratures. Ammonia exerction shot up from 14.90 mg/kg/br to 23.31 mg/kg/hr
at 30°C and from 14.32 mg/kg/hr to 29.18 mg/kg/hr at 35°C during hypoxia
and it also showed a similar trend in recovery metabolism by increasing
from 10.59 mg/kg/hr to 22.04 mg/kg/hr at 30°C and from 16.22 mg/kg/hr
to 27.03 mg/kg/hr at 35°C. Hypoxia at 35°C compares well with the results

for Tilapia mossambica (Peer Mohamed and Kutty, 1981).

Metabolic quotients

With an increase in the carbondioxide output at 30°C the R.Q. also
showed a corresponding increase from 2.12 to 5.14 during hypoxia whereas
in recovery phase it first decreased from 2.33 to 1.96 and again increased
to 2.81 at the fifth hour. When the temperature was increased to 35°C
R.Q. showed an increase from 1.71 to 4.20 during hypoxic phase and from
1.59 to 2.38 during recovery phase. In all the treatments at 30 and 35°C
the trend in A.Q. also showed a corresponding increase from 0.19 to 0.46
at 30°C and from 0.17 to 1.12 at 35°C with the increase of ammonia ex-
cretion.  During recovery it showed an increase from 0.14 to 0.30 at 30°C
and from 0.11 to 0.24 at 35°C. R.Q. at 30 and 35°C during hypexia

resembles values for Tilapia mossambica (Peer Mohamed, 1974; Peer Mohamed

and Kutty, 1981) and the R.Q. at 30°C during recovery resembles that of
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Tilapia mossambica (Peer Mohamed and Kutty, 1981). Similarly A.Q. at

30°C during recovery resembles that of Tilapia mossambica (Peer Mohamed

and Kutty, 1981) and A.Q. at 30°C during hypoxia resembles values obtained

for Mystus armatus (Sukumaran and Kutty, 1977) and at 35°C it agrees

well with the results for Rhinomugil corsula (Kutty and Peer Mohamed,

1975).
Activity

In freshwater, activity showed a similar increasing trend during hypoxia
and recovery at both the temperatures, as in sea water and brackish water.
At 30°C during hypoxia, activity showed an increase from 28.87 counts/hour
to 40.07 counts/hour and during recovery it showed an inecrease from 38.27
counts/hour to 49.92 counts/hour. But when the temperature was changed
to 35°C the aectivity also increased from 38.13 counts/hour to 56.33 counts/
hour during hypoxia and 41.07 counts/hour to 47.47 counts/hour during reco-
very. The increasing trend in hypoxic phase at both the temperatures and
the increasing trend in recovery phase at 35°C are in agreement with the

results for Rhinomugil corsula (Kutty and Peer Mohamed, 1975).  Activity

at 35°C also resembles that of Tilapia mossambica (Peer Mohamed and

Kutty, 1981).

d. Statistical analysis
To test the differences between means of different environments,
temperature levels and experiments, analysis of variance was carried out

for each study character using the following model:

Yijkl = praitbj+ck+[ab] ij + [ac] ik + [be] jk#e ijkl where
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Y ijkl is the 1 th observation value of the study character of the k th experi-

ment at the j th temperature level in the i th environment.

[i = 142,83 ; j=1,2 ; k=1,2,3]

u = overall mean

ai = effect of i th environment

bj = effect of j th temperature level

¢ k = effect of k th experiment

(ab)ij= interaction-effect of environment and temperature
(ac)ik = interaction-effect of environment and experiment

(be)jk= interaction-effect of temperature and experiment
eijkl = random error component
The results of ANOVA are summarized in Tables 18 a to 18 g.
Analysis of variance (Table 18a) showed that mean ambient oxygen
was found to be significantly different at 1% level between the experiments
and the interaction of temperature to experiment. Environment, temperature

and the interactions between them were not significant.

The average oxygen consumption (Table 18b) was found to be signi-
ficantly different between environments and so also among temperature

levels. llowever among experiments there was no significant difference.

The effects of environments and its (carbondioxide production) inter-
action with environment and the interaction of temperature with experi-

ment were found to be significant which indicates that mean carbondioxide

production (Table 18c) was significantly different between environments.

The ammonia excreted (Table 18d) by the fish was  significantly



Table 18a. Analysis of Variance :

ANOVA

Mean ambient oxygen

Source Degree of  Sum of Mean sum of

freedom squares squares F
Environment 2 2.39 1.19 1.45 NS
Temperature 1 0.90 0.90 1.08 NS
Experiment 2 14.76 7.38 8.84 *k
Environment by
temperature 2 0.01 0.005 0.01 NS
Environment by
Experiment 4 6.58 1.64 1.97 NS
Temperature by
Experiment 2 17.69 8.85 10.60 *ok
Within cells 277 231.25 0.83

NOTE: ** Indicates significance at 1% level

NS indicates Non-significance



Table 18b.

Analysis of variance

ANOVA

Oxygen consumption

Source Degree of Sum of Mean sum of F
squares squares

Environment 132779.93 66389.97 16.86  **

Temperature 19005.84 19005.84 4.83  **

Experiment 12570.20 6285.10 1.60 NS

Environment by

temperature 7155.56 3577.78 0.90 NS

Environment by

Experiment 61981.20 15495.30 3.94

Temperature by

Experiment 2744.25 1372.12 0.35 NS

Within cells 1090521.30 3936.90

NOTE :

indicates Non-significance

indicates significance at 5% level

indicates significance at 1% level



Table 18c.  Analysis of Variance : ANOVA

Carbon dioxide production

Source Degree of Sum of Mean sum of F
freedom squares squares

Environment 2 470899.90 233449.95 12.64 **

Temperature 1 796.27 796.27 0.04 NS

Experiment 2 42570.95 21285.48 1.14 NS

Environment by

temperature 2 152005.57 76002.78 4.08 *

Environment by

experiment 4 95395.27 23848.82 1.28 NS

Temperature by

experiment 2 163547.08 81773.54 4.39 *

Within cells 277 9159170.50 18625.16

NOTE : * indicates significance at 5% level

** indicates significance at 1% level

NS indicates Non-significance



Table 18d. Analysis of Variance : ANOVA

Ammonia Excretion

Source Degree of Sum of Mean sum of F
freedom squares squares

Environment 2 2784.43 1392.21 6.98 **

Temperature 1 29.15 29.15 0.15 NS

Experiment 2 1272.55 636.28 3.19 *

Environment by

Temperature 2 1794.07 897.04 4.50 *

Environment by

Experiment 4 3506.73 876.68 4.40 **

Temperature by _

Experiment 2 1491.35 745.67 3.74 *

Within cells 277 55230.64 199.39

NOTE : * indicates significance at 5% level
**  indicates significance at 1% level

NS indicates Non-significance



Table 18e.  Analysis of Variance

ANOVA

R.Q. (Respiratory Quotient)

Source Degree of Sum of Mean sum of F
freedom squares squares

Environment 2 10844.80 5422.40 1.09 NS

Temperature 1 6049.95 6049.95 1.22 NS

Experiment 2 10724.84 5362.42 1.08 NS

Environment by

Temperature 2 10316.82 9158.41 1.04 NS

Environment by

Experiment 4 23838.32 5959.58 1.20 NS

Temperature by

Experiment 2 11555.05 9777.52 1.16 NS

Within cells 277 1379274.89 4979.33

NOTE : NS indicates Non-significance



Table 18f. Analysis of Variance : ANOVA

A.Q. (Ammonia Quotient)

Source Degree of Sum of Mean sum of F
freedom squares squares

Environment 2 1.58 0.79 2.24 NS

Temperature 1 1.09 1.09 3.10 NS

Experiment 2 0.79 0.39 1.12 NS

Environment by

Temperature 2 2.12 1.06 3.00 NS

Environment by

experiment 4 4.30 1.08 3.04 *

Temperature by

experiment 2 1.51 0.75 2.13 NS

Within cells 277 97.86 0.35

NOTE : * indicates significance at 5% level

NS indicates Non-significance



Table 18g. Analysis of Variance : ANOVA

Activity

Source Degree of Sum of Mean sum of F

freedom squares squares
Environment 2 21660.98 10830.49 48.95 *k
Temperature 1 694.88 694.88 3.14 NS
Experiment 2 3649.71 1824.86 8.25 *k
Environment by
Temperature 2 2918.29 1459.14 6.59 *k
Environment by
experiment 4 5356.60 1339.15 6.05 *ok
Temperature by
experiment 2 2834.38 1417.19 6.41 *x
Within cells 277 61287.02 221.25

NOTE : ** indicates significance at 1% level

NS indicates Non-significance
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different both with the environment and the interaction of ammonia excretion
with the experiment at 1% level Similarly it was significantly different
with experiment and the interactions of temperature with both environment
and experiment at 5% level. The temperature individually did not show

any significant difference.

However, the analysis of covariance showed that environment and
experiment individually; and the interaction of environment with temperature
and experiment; and the interaction of temperature with experiment alone

were found to be significantly different at 1% level (Table 18h).

R.Q., A.Q. and their respective interactions (Table 18e and 18f)
did not show any significant difference. But in the case of A.Q., the inter-
action between environment and experiment showed significant difference
at 5% level. In order to compare R.Q., and A.Q. the analysis of covariance
also was carried out with activity as the auxiliary variable and the results

are summarized in Tables 18i and 18j.

All the parameters and their interactions at 30°C and 35°C had
significant difference at 1% level with activity (Table 18g). But the tem-
perature showed no significant difference individually. At both the test
temperatures, the rates are in close proximity and the analysis of variance
and covariance showed that the values at 30°C and 35°C are not significantly
different suggesting that effect of temperature (30°C-35°C) is minor. This
is possible because these temperatures are close to each other and also
within the upper range, to which sea bass is adapted for the greater part

of the year.



Table 18h.  Analysis of Covariance : ANCOVA

Activity Vs. Ammonia

Source Degree of Sum of Mean sum of F
freedom squares squares

Environment 2 21495.31 10747.65 48.61  **

Temperature 1 714.33 714.33 3.23 NS

Experiment 2 3414.56 1707.28 7.72  **

Regression 1 264.19 264.19 1.19 NS

Environment by

temperature 2 3136.24 1568.12 7.09 k%

Environment by

experiment 4 5599.45 1399.86 6.33  xx*

Temperature by

experiment 2 3041.21 1520.60 6.88  *x%

Within cells 276 61022.83 221.10

NOTE : ** Indicates significance at 1% level

NS indicates Non-significance



Table 18i. Analysis of Covariance : ANCOVA

Activity Vs R.Q.

Source Degree of Sum of Mean sum F
freedom squares of squares

Environment 2 21349.91 10674.95 48.16 *k

Temperature 1 1 655.79 655.79 2.96 NS

Experiment 2 3579.59 1789.80 8.07 **

Regression 1 110.45 110.45 = 0.50  Ns

Environment by

Temperature 2 2920.01 1460.00 6.59 *ok

Environment by

experiment 4 5342.57 1335.64 6.03 *k

Temperature by

experiment 2 2902.31 1451.16 6.55 *k

Within cells 276 61176.56 221.65

NOTE : ** indicates significance at 1% level

NS indicates Non-significance.



Table 18j. Analysis of Covariance : ANCOVA

Activity Vs. A.Q.

Source Degree of Sum of Mean sum of F

freedom squares squares
Environment 2 21536.57 10768.28 48.54 *k
Temperature 1 645.48 645.48 2.91 NS
Experiment 2 3550.34 1775.17 8.00 **
Regression 1 59 59 0.27 NS
Environment by
temperature 2 2963.07 1481.53 6.68 *k
Environment by
experiment 4 5413.91 1353.48 6.10 *ok
Temperature by
experiment 2 2890.12 1445.06 6.51 *k
Within cells 276 61228.02 221.84

NOTE : **  indicates significance at 1% level

NS indicates Non-significance
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Mean, standard deviation and the number of cases for each experi-
ment at both temperatures in sea water, brackish water, and freshwater

are presented in detail in Tables 19, 20 and 21.



Table 19. Mean, standard deviation and the number of fishes used for routine metabolism,
hypoxic metabolism, and hypoxia - recovery metabolism in sea bass acclimated
to and tested at 30 and 35°C in the sea water are given.
Temperature ~ Variable Routine Hypoxia Hypoxia and Recovery
Mean Std. Devia- Cases Mean Std. Devia- Cases Mean Std. Devia- Cases
tion tion tion
30°C Mean 3.6659 1.8503 29 2.2636 0.6993 15 2.8740 0.9278 15
ambient
oxygen
02 78.2607 34.8853 29 76.3614 36.7193 15 84.0753 33.5488 15
CO2 144.0228 99.0057 29 152.0550 97.0868 15 168.3893 128.3197 15
NH3 16.9359 11.3428 29 13.0121 7.5616 15  14.2553 12.6106 15
R.Q. 2.1893 1.5687 29 2.4786 0.9227 15 2.0341 1.0358 15
A.Q. 0.3507 0.2865 29 0.2407 0.1906 15 0.1760 0.1399 15
Activity 34.7934 18.5573 29 27.7321 13.3440 15 30.0887 17.2288 15
35°C Mean
ambient 2.4976 0.8550 17 3.29417 0.7140 15 3.6380 0.6269 15
oxygen
O, 86.5471 31.6013 17 96.1093 31.4400 15 89.7193 41.4775 15
C02 168.6688 76.0000 17 185.0893 97.0535 15 176.3867 89.7315 15
NH3 15.4435 16.8607 17 10.8500 12.0605 15 6.7480 7.1163 15
R.Q. 2.0000 1.0117 17 2.1787 0.8663 15 2.2780 0.9060 15
A.Q. 0.2424 0.3261 17 0.1207 0.1182 15 0.0800 0.0747 15
Activitv 46.3800 21.4495 17 14.3887 8.5222 15 14.1333 10.2674 15



Table 20. Mean, standard deviation and the number of fishes used for routine metabolism,
hypoxia metabolism and hypoxia - recovery metabolism in sea bass acclimated to

and tested at 30 and 35°C in brackish water are given.

Routine Hypoxia Hypoxia and Recovery
Temper- Variable
ature Mean Std. Devia- Cases Mean  Std. Devia- Cases Mean  Std. Devia- Cases
tion tion tion
30°C M.A.O 2.9941 0.3242 22 2.6687 0.7853 15 2.9900 0.6987 15
()2 2 100.5718 40.8687 22 161.9000 191.6047 15 128.8267 69.7585 15
CO2 195.2209 82.3200 22 369.1667 348.0900 15 335.5893  290.8910 15
NH3 9.6845 8.1075 22 30.4120 19.0873 15 23.8260 25.5919 15
R.Q. 2.0241 0.6413 22 3.1727 1.3291 15 83.5127  313.8477 15
A.Q. 0.1414 0.1065 22 0.5847 0.8219 15 0.9947 2.3004 15
Activity 23.7209 14.6216 22 14.9880 8.7701 15 14.3220 9.4204 15
35°C I\'I.A.O2 2.5311 0.5647 18 3.0033 1.2675 15 3.4627 1.1847 15
O2 111.4567 27.9106 18  166.8107 96.1804 15 139.3307 98.6835 15
CO2 248.0422 78.0207 18 242.8807 143.7749 15 193.5254  166.0239 15
NH3 17.5856 12.8737 18 25.4387 25.4536 15 15.5387 13.7017 15
R.Q. 2.2872 0.6624 18 1.8767 1.0930 15 1.5140 1.0711 15
A.Q. 0.2412 0.1880 18 0.2247 0.3155 15 0.1533 0.1126 15

Activity 25.0011 17.8120 18 22.3560 11.5938 15 17.6220 11.0392 15




Table 21. Mean, standard deviation and the number of fishes used for routine metabolism, hypoxic
metabolism, and hypoxia - recovery metabolism in sea bass acclimated to and tested
at 30 and 35°C in freshwater are given.
Routine Hypoxia Hypoxia and Recovery
Temper-  Variable
ature Mean Std. Devia~  Cases Mean  Std. Devia- Cases  Mean Std. Devia- Cases
tion tion tion
30°C M-A-02 3.3320 0.7541 15 2.6187 0.5053 15 3.3973 0.5328 15
O2 72.5907 33.4474 15 76.7156 24.9450 15 91.8120 29.3032 15
CO2 139.0193 47.1217 15  201.5960 97.8068 15  179.1480 46.4464 15
NH3 8.2853 4.4079 15 19.0713 14.9995 15 15.7433 16.1624 15
R.Q. 2.1660 0.8275 15 3.7660 1.0473 15 2.1020 0.5076 15
A.Q. 0.2153 0.2436 15 0.3313 0.2835 15 0.2300 0.2954 15
Activity 28.6667 12.7262 15 35.9667 17.5260 15 42.1780 14.5811 15
35°C M.A.02 3.5013 0.5199 15 2.6173 0.5785 15 3.5193 0.4948 15
O2 126.3600 23.1712 15 76.6520 31.4742 15 129.8313 32.9619 15
CC% 249.8887 77.7357 15  162.2473 71.1283 15  235.0140 54.7292 15
NH3 22.6100 9.7545 15 21.7513 10.4100 15 21.5593 9.5250 15
R.Q. 1.9373 0.4243 15 2.9927 1.3879 15 1.9540 0.5618 15
A.Q. 0.2040 0.1087 15 0.6473 0.4889 15 0.1913 0.1180 15
Activity 48.7867 17.7621 15 47.2333 15.5378 15 43.8660 12.5040 15




V. DISCUSSION
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Eventhough fishes live in a fantastic variety of habitats from the
darkest depths of the ocean to the boundless surface of the open sea, they
have become marvelously adapted to the different environments wherever
they live. In the present investigation, since the experimental conditions
and experimental procedures for the tests in all thermedia are identical,
the results obtained can be accepted and the adaptability in different environ-

ments (media) can be compared.

It is very interesting to compare the metabolism of fishes on exposure
to normoxia and hypoxia. Most of the fishes remove about 40-80% of the
available oxygen in the water they breathe under normoxie conditions (Shelton,

1970). In Lates calcarifer the mean rate of oxygen consumption were 78.26

mg/kg/hr at 30°C and 86.55 mg/kg/hr at 35°C in sea water (Table 19).
But in brackish water (Table 20) the consumption rates observed were
100.57 mg/kg/hr at 30°C and 111.46 mg/kg/hr at 35°C whereas in fresh-
water (Table 21) the values were found to increase from 72.59 mg/kg/hr
(at 30°C) to 126.36 mg/kg/hr (at 35°C) in normoxic condition. In all the
media the consumption rates or metabolic rates increased when temperature

was increased.

The corresponding comparable rates during the hypoxic condition
were 76.72 mg/kg/hr at 30°C and 76.65 mg/kg/hr at 35°C in freshwater
(Table 21); 76.36 mg/kg/hr at 30°C and 96.11 mg/kg/hr at 35°C in sea water
(Table 19) and 161.90 mg/kg/hr at 30°C and 166.81 mg/kg/hr at 35°C in
brackish water (Table 20). In 30% and 15%the consumption rate increased

at 35°C as in normoxic econdition but in freshwater medium there was
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a slight decrease in rate at 35°C which may be due to the change of
environment from sea water andbrackish water to freshwater. As suggested
by Saunders (1962); Holten and Randall (1967); Shelton (1970); Randall and
Jones (1973); Itazawa and Takeda (1978); in hypoxic conditions fish appear
to be unable to maintain a high oxygen extraction cfficiency especially
when hypoxia is severe. Under severe hypoxia the amount of water respired
increases in higher proportion than the proportionate drop in environmental
oxygen. and also it is not unusual for a fish to increase respiratory water
flow rate by a factor of 10-20 fold in response to severe hypoxia (Shelton,
1970; Itazawa and Takeda, 1978). Hughes and Johnstons (1978) and Hochachka
(1980) have observed that there is an increased oxygen uptake as the avail-
able oxygen in the water becomes less in the respirometer but eventually
the point is reached where the anaerobic mechanisms are insufficient to
satisfy these requirements and either the oxygen must fall with conseqguent
reductions in aectivity, or there must be an increase in other mechanisms
which enable the continuation of adequate supply of energy. They have
also confirmed that the presence of pathways and their importance varies
according to the species presumably in relation to their mode of life or
their particular life habits. It is significant that the order of hypoxic toler-
ances of the fish tested in different media at different temperatures were
checked from the anaerobic abilities judged from the intensity of the high
R.Qs. Increments in earbon dioxide and R.Q. indicate the anaerobic meta-
bolism (Peer Mohamed, 1974) and the increase of A.Q. and ammonia indicate
the protein utilization. The link of increased protein degradation to anaerobic

energy utilization may have a significance in combating acidosis and also
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in conserving sodium during hypoxia which may be specially required due
to hypoxic stressof iono-osmotie mechanism in different media. The tremend-
ous effect of random activity on metabolism, the ambient oxygen influence
on metabolism and activity, the relationship of the quotients with the anaero-
bic metabolism and protein utilization, the hypoxic tolerance limits during
asphyxia, the post hypoxic repayment of oxygen debt in recovery metabolism,
the comparative adaptability of this euryhaline species in different saline
media, and finally the estimates of energy utilization from different substrates
are also dealt with in detail.
a) Influence of random activity on metabolism in sea water, brackish

water and freshwater at 30 and 35°C

Activity to metabolism interaction is of much importance in organismal
physiology.  Scope for activity has been considered as a means to assess
environmental stress on fishes (Brett, 1958), as an index of the energy avail-
able for swimming fish (Brett, 1964) and as an index to the total energy

expenditure by fish (Beamish and Dickie, 1967; Dickson and Kramer, 1971).

Influence of random activity on metabolism can be found out from
the regression lines drawn with the plots of metabolic rates and quotients
against activity. Extrapolations of regression lines drawn through such plots
of metabolic rates to 'zero' activity can be used for estimating the standard
metabolism (Spoor, 1946; Beamish and Mookherjii, 1964; Smit, 1965; Brett,
1964; Kutty, 1968a; Kutty et al., 1971; Peer Mohamed, 1974; Kutty and

Peer Mohamed, 1975).
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In the present study the data obtained from simultaneous measure-
ments of metabolism, metabolic quotients and activity of different fishes
tested under similar oxygen conditions were pooled and the regression lines
drawn. In normoxic condition in sea water, the regression lines of oxygen

consumption at 30 and 35°C were not similar. At 30°C it had a positive

slope which resembles the regression line in Tilapia mossambica at 30°C
(Peer Mohaméd, 1981b) but at 35°C it had a negative slope. In contrast
to oxyygen consumption, for ecarbon dioxide production the slope observed
at 30°C was negative, while the slope was positive at 35°C. In the case
of ammonia excretion, the situation was reverse. At 30°C the ammonia
excretion plots showed a positive trend but it was negative when the tem-
perature was raised to 35°C as in the case of oxygen consumption. The
slope of R.Q. was negative at 30°C but the R.Q. at 35°C and A.Q. at both

the temperatures showed a positive trend.

In brackish water, the regression lines fitted for plots of oxygen
consumption and ecarbon dioxide production are almost parallel at 30 and
35°C, suggesting the change in R.Q. with changes in random activity observed

earlier in mullet, Rhinomugil corsula (Kutty and Peer Mohamed, 1975) and

in Tilapia mossambica (Peer Mohamed, 1981b, 1982). At both the temper-

atures the slopes of ammonia exeretion plots are positive (Figures 3 and

4) which resemble the plots in Tilapia mossambica at either temperature

(Peer Mohamed, 1981b). Also the A.Q. plots at both the temperatures
yield regressions which have positive slopes (Figures 3 and 4). R.Q. plots

showed negative slope at 30°C but the slope was positive as in Tilapia
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mossambica at 35°C (Peer Mohamed, 1981b) when the temperature was

raised to 35°C.

As in brackish water, the regression lines observed for oxygen con-
sumption and ecarbon dioxide production were found to be parallel at 30
and 35°C in the freshwater medium which also resembles the regression

lines in Tilapia mossambica (Peer Mohamed, 1981b). But the slope of

ammonia excreted by the fish showed a positive trend at 30°C but negative
at 35°C. It was noticed that the R.Q. plots at both the temperatures showed

positive trends comparable to conditions in Tilapia mossambica at 30 and

35°C (Peer Mohamed, 1981b). The slopes of A.Q. rates showed similar

positive trends at both the temperatures.

Except the negative slope at 35°C in sea water, the oxygen consum-
ption showed a positive (increasing) trend when the activity increased in
all the media at 30 and 35°C. This could be attributed to the variability
between individual fishes in their metabolism to random activity relation
as suggested by Smit (1965). Peer Mohamed (1974) reported that mullet
had the lowest activity at high ambient oxygen at 30°C, while it displayed
the highest oxygen consumption. In all the media when activity increased
the carbon dioxide production also increased except at 30°C in sea water.
The R.Q. plots showed a negative trend at 30°C in sea water and brackish
water and a positive trend at 35°C in all the media. The A.Q. in normoxic
condition showed an increasing trend at 30 and 35°C in sea water, brackish
water and freshwater with increase in activity. Ammonia showed an increas-

ing trend at 30°C in all the three media and at 35°C in brackish water;
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but it decreased at 35°C in sea water and freshwater with increase in acti-
vity.  Saunders and Kutly (1974) obtained the results in several tests with
smolting Atlantic salmon that lower random activity was associated with

higher A.Q. i.e. the less active the fish, the proportionately higher its protein

use.

On hypoxic exposure, the activity first increased and then decreased
at 30 and 35°C -in sea water and brackish water. But in freshwater at
30 and 35°C the activity showed a decreasing trend towards the end of
the experiment with an increase in the middle. This showed that tempera-

ture has no influence on activity in hypoxic condition.

During hypoxia and recovery, in hypoxic condition the activity increased
with the decrease in ambient oxygen in all the media. In recovery meta-
bolism, the activity showed an increasing trend in all the cases except
the condition at 35°C in brackish water. This was similar to conditions

observed in Rhinomugil corsula, Puntius sarana and Carassius auratus by

Peer Mohamed (1974). The trends of oxygen consumption and R.Q. in rela-
tion to random activity suggested a compensatory increase in anaerobic
energy utilizations. ~ Peer Mohamed (1987) stated that activity has a tre-
mendous effect on metabolism, frequently elevating the oxygen uptake by
a factor of four times at optimum temperatures and reaching a maximum
of eight times in some fish species, but in the case of active metabolism,
under-nourished, unexercised disease-inhibited, sluggish or lazy fish could

reduce the potential level.
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During studies on the relation of respiratory metabolism to swirmming

speed in young sockeye salmon, Oncorhynchus nerka, it was observed that

excitable nature of the fish resulted in considerable variability in the meta-
bolic rate accompanying all the highest bursts of speed (Brett, 1964; Brett

and Sutherland, 1965).

Both swimming and the accumulation of lactic acid may continue
until the glycogén deposits are depleted or the end product of anaerobic
glycolysis exerts a detrimental effect on activity. In such conditions exercise
is extreme in its severity and death may result during the recovery period
(Parker and Black, 1959; Parker et al., 1959; Beamish, 1966; Caillouet,
1967). The actual cause of death is uncertain but may result from inter-
ference with the acid-base equilibrium coupled with a reduced affinity of
haemoglobin for oxygen and in the presence of excess acid, lowered affinity
for carbon dioxide (Black, 1958). When death does not follow strenuous
exercise, the elevated rate of oxygen consumption serves not only to meet
the routine metabolic requirements but also to replace supplies of adenosine

tri phosphate, creatine phosphate and glycogen (Bilinski, 1974).

Analysis of variance showed that all the parameters and their res-
pective interactions at both the temperatures had significant difference

at 1% level with activity.

b) Influence of ambient oxygen on metabolism - comparison in the three
different media at 30 and 35°C

Graphic representations of oxygen consumption, carbon dioxide pro-

duction, ammonia exeretion, random activity and quotients against ambient
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oxygen tlaken from the respective figures in 'Results' are given together
in Figures 19 and 20 (30°C) and Figures 21 and 22 (35°C) to compare the
observations in three different media. The values of metabolic rates, quo-
tients, and activity at the highest (near air saturation) and the lowest (near
asphyxial) ambient oxygen concentrations in three different media at two

different temperatures are also shown (Tables 2, 8 and 13).

The influence of ambient oxygen on metabolism can be analysed
from the trend lines of hypoxia because in the graphic representations,
metabolic rates and quotients are plotted against ambient oxygen. Under
hypoxia, oxygen consumption increased in all the cases at 30 and 35°C except
the oxygen consumption curve in brackish water at 30°C in which it first
increased and then decreased. This must be due to the excitement in the
new medium as suggested by Brett (1965). The carbon dioxide production
showed a similar trend at 30°C in sea water and at 35°C in brackish water
with the increase of ambient oxygen. Similarly the curves al 30°C in brackish
water and 35°C in sea water showed an increase in the beginning  and
decrease at the end whereas in freshwater they showed opposite trends
of decrease and increase at 30 and 35°C. Ammonia excretion at both the
temperatures in sea water and freshwater showed similar trends of increase
at the ends with a decrease in the middle. But in brackish water it showed
a decreasing trend at 30°C while it first decreased and then increased at
35°C. The respiratory quotient at 30 and 35°C in sea water showed opposite
trends. In brackish water at 30°C and in freshwater at both the temperatures

it showed a decreasing trend while at 35°C in brackish water it first increased



FIGURE 19

Comparison of oxygen consumption, ecarbon dioxide production and
ammonia excretion in relation to low ambient oxygen below air
saturation, in sea bass acclimated to and tested at 30°C in sea

water, brackish water and freshwater. In figure, S = seawater,

B = brackish water,

F = freshwater .
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FIGURE 20

Comparison of respiratory quotient (R.Q.), ammonia quotient (A.Q.)
and activity in relation to low ambient oxygen below air saturation,
in sea bass acclimated to and tested at 30°C in sea water, brackish

water and freshwater. In figure, S

sea water,

B

brackish water,

F

freshwater.
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FIGURE 21

Comparison of oxygen consumption, ecarbon dioxide output and
ammonia excretion in relation to low ambient oxygen below air
saturation, in sea bass acclimated to and tested at 35°C in sea

water, brackish water and freshwater. In figure, S = sea water,

B = brackish water,

F = freshwater.
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FIGURE 22

Comparison of metabolic quotients (R.Q. and A.Q.) and random
activity in relation to low ambient oxygen below air saturation,

in sea bass acclimated to and tested at 35°C in sea water, brackish

water and freshwater. In figure, S = sea water,

B

brackish water,

F = freshwater.
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and then decreased with the increase of ambient oxygen. The A.Q. at
30°C in sea water, brackish water and freshwater resembled the trends

at 35°C in the three media respectively.

In the hypoxia-recovery phase, the ambient oxygen followed a general
pattern of decreasing trend during hypoxia and increasing trend during re-
covery in all th‘e media at both the temperatures showing that ambient
oxygen influence is similar in all the cases. The increase in oxygen con-
sumption with the increase in ambient oxygen in recovery metabolism is
markedly due to excitement as reported by Brett (1965), Smit (1965) and
Kutty (1968a). The analysis of variance showed that with experiment, and
the interaction of temperature to experiment, the mean ambient oxygen

was found to be significantly different at 1% level.

e

The resemblance seen in the R.Q. - ambient oxygen curve of sea
bass at 30°C in brackish water and freshwater, and also at 35°C in fresh-
water with those of gold fish and rainbow trout (Kutty, 1968a) and Tilapia
mossambica (Kutty, 1972) suggest that this fish passes into the clear anaerobic
phase at a much lower ambient oxygen level and can probably sustain a
higher level of anaerobic metabolism as reported by Kutty (1972). Active
metabolic rate of fish is far more sensitive to the availability of environ-
mental oxygen than is standard metabolism (Job, 1955; Brett, 1964; and
Ali, 1979). Shepard (1955) and Anderson (1975) reported that the rate at

which hypoxic and anoxic conditions occur has an effect on the ultimate

resistance of the fish. The lethal threshold for hypoxia of Salvelinus fontinalis

was lowered considerably, when the fish was acclimated to an intermediate



level of hypoxia (Shepard, 1955). Many fish which can breathe air facul-
tatively switch over predominantly to air breathing in response to hypoxic

conditions in water (Hughes and Singh, 1970; Stevens and Holeton, 1978).

In cases where the fish are subjected to chronic very low oxygen
levels, continued oxygen uptake is physiologieally not possible. This continued
survival depends on resistance strategies, and most of the strategies involved
possess mechanisms such as exploiting body oxygen stores, using anaerobic
metabolism or slowing down of metabolism (oxygen dependance). Anderson

(1975) found that Carassius auratus could survive for extended periods in

water containing less than 0.1 mgOz, particularly at low temperature and
the resistance of these fish to anoxia was quite sensitive to seasonal effects,
being 11 hrs in autumn at 5°C and 75 hrs in spring at 5°C. Oxygen extracting
efficiency of fishes tend to remain constant under hyperoxic conditions
while respiratory flow rate drops commensurately (Holeton, 1972; De “jours,

1973; Randall and Jones, 1973; De jours et al., 1977).

Among the routine active rates of metabolism and their standard
rates given in Table 1, except the case in sea water at 35°C, the active
rate of oxygen uptake was higher in routine mctabolism than in standard
metabolism as observed by Brett (1962) and by Brett and Groves (1979)
that the active rate of oxygen uptake of most of the fishes ranges from
2.5 to 10 times the standard rate. Brett (1964) demonstrated that at warmer

temperatures, sockeye salmon Oncorhynchus - nerka could increase their

active rate of oxygen uptake under hyperoxic conditions. Job (1955) stated

that even slight reductions in oxygen levels below air saturation reduced
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the active oxygen uptake rate of brook trout Salvelinus fontinalis. Sea

bass showed a comparative reduction in standard rate of oxygen uptake
in sea water at 35°C (Table 1). Laurence (1973) and Fry (1957) demonstrated
that the active metabolic rate can decline at the upper limits of tempera-
ture tolerance even below the lethal level.
c) Influence of ambient oxygen on random activity in sea water, brackish
water and freshwater at 30 and 35°C
It is interesting to note that the random activity first increased
and then declined at 30 and 35°C in sea water and brackish water on ex-
posure to low oxygen whereas at both the temperatures in freshwater it
showed decreasing trends towards the end with a risc in between. A decreas-
ing trend in random activity on exposure to low oxygen was observed in

Tilapia mossambica by Peer Mohamed (1974) whereas the reverse trend

was observed in gold fish and rainbow trout by Kutty (1968a); in four marine
teleosts among the five species tested by Hamsa and Kutty (1972); and

in Rhinomugil corsula, Puntius sarana and Carassius auratus by Peer Mohamed

(1974).  Milk fish, Chanos chanos displayed lower activity at low oxygen

concentrations (Peer Mohamed, 1974). On exposure to low ambient oxygen

Chanos chanos showed a decrease in breathing rate whereas Mugil cephalus

indicated the reverse trend (Usha Devi, 1987).

Random activity which decreased under hypoxia, increased immediately
on exposure of fish to water near saturation at 30°C in brackish water

as in Tilapia mossambica (Peer Mohamed, 1974) but at 35°C it increased

during hypoxia and declined on exposure to water near air saturation. In



all the other media both at 30 and 35°C the activity increased during hypoxia

as well as recovery.

The variability in the rate of oxygen uptake is a major difficulty
particularly for fish where activity markedly alters oxygen consumption
(Sprague, 1971; Peer Mohamed and Gupta, 1983). Davis et al. (1963) found
that swimming performance of juvenile chinook and coho salmon was depend-
ent on oxygen at all levels below air saturation but this was especially
evident at all levels below 50% air saturation and similar explanations have
been proposed by Kut'ty and Saunders (1973) that the swimming performance
of salmon smolts is highly dependent on ambient oxygen. The fact that
oxygen limited the swimming performance was also noted previously in brook

trout (Salvelinus fontinalis) at all levels below 6.0 mg/l at 8°C by Graham

(1949). When oxygen gradually decreased in the respirometer some fish
seem to become more passive and some more active thereby establishing
a dichotomy in behaviour of fishes at low oxygen levels (Peer Mohamed
and Kutty, 1982). The increased activity induced by hypoxia might allow

some species (mullet, Rhinomugil corsula; minor ecarp, Puntius sarana; and

gold fish, Carassius auratus to move out of the hypoxic environment to

more oxygenated waters while the decreased activity under hypoxic exposure

would allow certain species (Tilapia mossambica, Chanos chanos) to conserve

energy. With measurement of activity, Peer Mohamed (1974) recorded that

there is an inverse relation between ambient oxygen and activity.

In the present observation, in Lates, during hypoxia in the hypoxia

- recovery phase, activity was increased towards asphyxia in all the experi-



ments at both the temperatures in sea water, brackish water and freshwater.
This may be in order to escape the hypoxic environment, as supported by

Peer Mohamed (1974) in the case of marine teleosts, Rhinomugil corsula,

Puntius sarana and Carassius auratus. iIn the recovery phase also in all

the experiments, activity showed an increasing trend except the case at
35°C in brackish water in which the activity showed a decreasing trend.
These differences in responses of random activity to ambient oxygen may
have resulted from a dichotomy in behavioural evolution and may have a
major role in the survival of the species (Hamsa and Kutty, 1972; Anantha
Krishnan and Kutty, 1974; Peer Mohamed, 1974; Peer Mohamed and Kutty,
1982; Usha Devi, 1987). With some tolerance to oxygen, the limited source
of oxygen and the energy conserved might be of value in survival (Peer

Mohamed, 1974; Usha Devi, 1987).

Mean rates of random activity at 35°C seemed to be higher than
the rates at 30°C in routine metabolism, hypoxia and also in hypoxia and
recovery metabolism in sea water (Table 19), brackish water (Table 20) and
freshwater (Table 21) except in the cases of hypoxia and hypoxia - recovery

phase in sea water.

d) Respiratory quotient and anaerobic metabolism

[t is well recognized that R.Q. under aerobic conditions has to be
between 0.7 and 1.0 (unity), if no special circumstances are involved, such
as lipogenesis or gluconeogenesis (Peer Mohamed, 1974; Usha Devi, 1987).
An R.Q. of 1 is ascribed to the aerobic degradation of carbohydrate, 0.8

to protein and 0.7 to fat (Peer Mohamed, 1974; Usha Devi, 1987). Under
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the present experimental conditions R.Q. values above 1 were obtained both
in routine metabolism and hypoxic metabolism. Based on the statement
that the magnitude of R.Q.'s over unity is indicative of the intensity of

anaerobic metabolism, there must be the anaerobic metabolism in aerobic

and anaerobic condition.

In routine metabolism at 30°C, R.Q. showed a decreasing trend in
sea water and brackish water, but an increase in freshwater. When the

temperature was raised to 35°C, R.Q. showed an increasing trend in all

the three media.

In sea water, brackish water and freshwater at 30 and 35°C the

R.Q. showed a similar decreasing trend in hypoxic condition.

As for hypoxia and recovery, in all the media at both 30 and 35°C
R.Q. showed an increasing trend during hypoxia while during the recovery
metabolism at 30°C in both sea water and freshwater it first dropped and
then increased, the trend being vice-versa in brackish water. In the case

of 35°C, in all the media the R.Q. showed an increasing trend.

The mean R.Q.s of Rhinomugil corsula, Tilapia. mossambica, Puntius

sarana  and  Carassius  auratus tested at the highest oxygen coneentration

(near air saturation) were respectively 1.0, 1.01, 0.77 and 0.96 at 30°C and
0.98, 1.03, 0.63 and 0.99 at 35°C suggesting that these fish were aerobic
under adequate oxygen concentrations (Peer Mohamed, 1974). In the case

of Lates calcarifer the R.Q. values tested at the highest ambient oxygen

were 6.67 at 30°C and 1.01 at 35°C in sea water, 5.89 at 30°C and 2.82

at 35°C in brackish water, and 2.62 at 30°C and 2.36 at 35°C in fresh-
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water. All these values are above unity and it can be taken that in all
the media the fish seem to show anaerobic metabolism as in the case of

Tilapia mossambica observed by Kutty (1972).

To find out the maximum influence of hypoxia on R.Qs., the values
determined at the lowest ambient oxygen concentrations (je. during the
final run of the experiment in which the fish became asphyxiated) can be
taken. In all the cases the fact that the fish subsequently recovered in
air saturated water indicate that all of them had survived the hypoxic expo-
sure.  The routine R.Qs at the lowest oxygen concentrations in different
media were 3.96 at 30°C and 2.92 at 35°C in sea water, 4.96 at 30°C and
3.69 at 35°C in brackish water and 5.45 at 30°C and 12.73 at 35°C in fresh-
water.  Just like the values at the highest ambient oxygen, these values
are also significantly above unity and clearly suggest that during the hypoxic
phase considerable amount of anaerobic metabolism has taken place resulting
in the release of extra carbon dioxide as in the case of fry and fingerlings

of Mugil cephalus and Chanos chanos reported by Usha Devi (1987). The

intensity of anaerobic metabolism seem to be higher at 30°C than at 35°C.
This is in agreement with the findings of Peer Mohamed (1974) on mullet

(Rhinomugil corsula - 1.96 at 30°C and 1.69 at 35°C); tilapia (Tilapia

mossambica - 2.36 at 30°C and 2.09 at 35°C); and gold fish (Carassius auratus
- 2.80 at 30°C and 2.50 at 35°C). However, in the present study, the routine
R.Q. at the lowest Oxygen concentration in freshwater differs from the
rest in that the R.Q. at 35°C (12.73) is higher than the value (5.95) at
30°C.  Kutty (1968a) showed that gold fish at 20°C sustained an R.Q. of

about 2 at about 1.5 mg 02/1 and this was sustained by gold fish for months
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probably producing large amounts of organic carbon dioxide whereas in the
present observation, the high R.Qs were sustained only for a short period.
Anaerobic abilities of certain carps, such as crucian carp (Blazka, 1958)

and Rasbora daniconius (Mathur, 1967) are very pronounced that they have

been reported to survive under complete anoxic conditions for months. In
crucian carp the complete anoxic condition was found at 5°C, but in Rasbora,
it was claimed at the ambient temperature of 28°C. All the species tested
by Peer Mohamed (1974), became asphyxiated at some low oxygen concen-
trations and so complete anoxic tolerance cannot be claimed. It must be
stated that the experiments were conducted in a closed respirometer but
an open system with continuous flow of low oxygenated water might indicate
tolerance of oxygen lower than that presently indicated here. Thus a high
magnitude of R.Q. ecan only indicate the intensity of anaerobiosis and a
complete picture can be had only with additional information on the period

for which such hypoxiec R.Qs are sustained.

The 'extra' or ‘'anaerobie' carbon dioxide produced by fish under
hypoxia can result from two sources (Ekberg, 1962; Kutty, 1968a; Peer
Mohamed and Kutty, 1981; Usha Devi, 1987). Among them, one is that
resulting from the 'bicarbonate' or 'alkaline reserve' consequent to the pro-
duction of lactic acid by glyecolysis (Black et al.,, 1961) which is referred
to as the acidic or non metabolic carbon dioxide, and the other is that
resulting from metabolic break down of the substrate molecule itself which
is referred to as the organic or metabolic carbon dioxide (Peters and Van

Slyke, 1946; Ekberg, 1962; Kutty, 1968a; Peer Mohamed, 1981b; Usha Devi,
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1987).  Hochachka (1961) using labelled carbon dioxide confirmed that gold
fish excrete organic carbon dioxide when held in free water. Ekberg (1962)
showed that excised gills of ecrucian carp produce both organic and acidic
carbon dioxide. During anaerobiosis, it appears that the anaerobic glycolysis
and amino acid break down are linked together (Kutty, 1972; Hochachka
and Somero, 1973; Kutty and Peer Mohamed, 1975). Anaerobic abilities
of Atlantic salmon are little known, the rainbow trout does have slight
anaerobic ability (Kutty, 1968b; Kutty and Saunders, 1973).  Mechanisms
of simultaneous breakdown of glucose and amino acids anaerobically resulting
in organic carbon dioxide and accumulation of alanine and producing adequate
energy for fish have been suggested‘ by Hochachka and Somero (1973). It
is known that fish under hypoxic and anoxic conditions, produce both 'acidic'
and 'organic' ecarbon dioxide and actual proportions of these or pathways
of their production are not known. Kutty (1972), based on his calculations

on mammalian energeties, observed that Tilapia mossambica whose metabolism

was measured immediately after handling at 30°C had an anaerobic compo-
nent in the metabolism and concluded that 20% of the carbon dioxide pro-
duced resulted from anaerobic sources. There is possibly a large amount

of metabolic carbon dioxide production in Lates calcarifer during anaerobiosis

as in mullet and gold fish reported by Hochachka, 1961 and Kutty, 1968b.
Thus in agreement with the observations made by earlier workers (Kutty,
1968a; Peer Mohamed, 1974; Usha Devi, 1987) it can be taken that the
magnitude of the R.Qs above unity in the present study indicates the intensity
of anaerobiosis - i.e. the higher the R.Q. over unity, the higher the extent

of anaerobic metabolism.
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Accumulation of lactic acid in blood and tissues of fishes consequent
to anaerobiosis, whether due to exercise (Black, 1955, 1957a,b,c; Black
et al., 1959, 1960, 1966; and Hayashi et al.,, 1964 in salmonids; Heath and
Pritchard, 1962 in blue gill sun fish; Caillouet, 1964 in carp) or due to
hypoxia (Heath and Pritechard, 1965 in blue gill sun fish and cut throat
trout) are well documented. There is also evidence to show that fish under
hypoxic or anoxiec conditions do not accumulate lactie acid (Prosser et al.,

1957 in gold fish; Blazka, 1958 in crucian carp).
e) Ammonia quotient and protein utilization

Participation of proteins in the metabolism can be checked from
measures of ammonia execretion. The term A.Q. was proposed by Stroganov
(1962) for the proportion of ammonia excreted (in weight) to oxygen consumed
(in volume) by fish, but Kutty (1972) used it as a proportion of volume
of ammonia excreted to volume of oxygen consumed (Pecr Mohamed, 1974)

and this was claimed to be a potent tool for further understanding energy

utilization (Kutty, 1972, 1978; Kutty and Peer Mohamed, 1975; Sukumaran
and Kutty, 1987). Generally in fish, as the swimming speed increases
carbon dioxide output and ammonia exeretion or protein utilization also
increase. From the A.Q., the concentration of ammonia in the medium

can be estimated and if A.Q. is more it suggests high excretion of ammonia.

The changes in A.Q. can be taken as reflecting changes in protein
degradation, although the exact ways of amino acid breakdown and ammonia
release especially under anaerobic systems such as hypoxia and anoxia in

fish are not known (Forster and Goldstein, 1969; Kutty, 1972; Karuppannan,



1972; Saunders and Kutty, 1974; Peer Mohamed, 1974, 1981b; Kutty and
Peer Mohamed, 1975; Kutty, 1975; Sukumaran and Kutty, 1977; Peer Mohamed
and Kutty, 1981; Usha Devi, 1987). In the present study, in routine meta-
bolism A.Q. plots showed similar (positive) trends at 30 and 35°C in sea
water, brackish water and freshwater. The A.Q. values tested in different
media (sea water, brackish water and freshwater) at the highest ambient
oxygen (near air saturation) are found to be 12.59, 9.92, 3.22 at 30°C and
6.41, 4.28 and 7.91 at 35°C (Tables 2, 8, 13) respectively. A.Q. values

are higher in Lates calcarifer compared to other species showing that it

is relatively using up a considerable amount of protein.  The mean A.Q.

of Rhinomugil corsula, Tilapia mossambica, Puntius sarana and Carassius
auratus at adequate oxygen concentrations were 0.11, 0.08, 0.06, 0.10 at
30°C and 0.11, 0.18, 0.06 and 0.11 at 35°C; thus the aerobic or normoxie
A.Qs ranged between 0.06 and 0.18 depending on the intensity of relative
protein utilization in species concerned (Peer Mohamed, 1974). The A.Q.
reported for Gambusia by Stroganov (1962) was only an average A.Q. of

0.1 while Kutty (1972) obtained a routine A.Q. of 0.23 in Tilapia mossambica

at 30°C and Peer Mohamed observed the highest routine A.Q. of 0.18 under

adequate oxygen concentration in Tilapia mossambica at 35°C. If under

certain circumstances the A.Q. goes above 0.33, it can be taken that anaer-
obic degradation of proteins or possibly interconversion of substrates definitely
takes place (Kutty, 1975, 1978). This is well in agreement with the present

study showing the A.Q. values above 0.33.

Under hypoxia, in all the three media, the A.Q. plots show more

or less similar trends at 30 and 35°C. At the lowest oxygen concentrations
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or under hypoxie conditions, the A.Q. values observed in Lates calcarift
\——4

are 6.78, 1e6. 02, 8.11 at 3¢0°C and 4.55, 9.01 and 33.99 at 35°C in seg watd

brackish water and freshwater respectively. In brackish water and sea wate

the A.Q. values under hypoxia seem to be higher at 30°C than at 35¢

but in freshwater the values are higher at 35°C.  These -values clearly shg

that A.Qs under hypoxia are higher than those of fish in high oxygen |

consonance with the changes of A.Q. under similar conditions.  This js i
agreement with the findings of Peer Mohamed (1974) in mullet, tllapla

barbus and goldfish.  The hypoxic A.Qs corresponding to the hypoxiec RQ

referred to for fishes such as Rhinomugil corsula,

Fllapna mossambica, Puntlus

sarana, and Carassius auratus were respectlvely 0.38, 0.25, 0.63 and 02‘

at 30°C and 0.19, 0.33. 0.96 and 0.25 at 35°C, all the values being hnghei

than those in high oxygen in consonance with the changes in R.Qs unde!

hypoxia (Peer Mohamed, 1974). If A.Q. is below the aerobic maximum value

of 0.33 it suggests involvement of other substrates, thus reducing the relatlve

contribution of protein catabolism in energy release (Kutty, 1978).

The temperature effect on hypoxic A.Q. seems to be different for

different species. It appears that except in freshwater the relative protei

utilization values were less at 35°C than at 30°C gs indicated by the A.Q..

in mullet and barbus by Peer Mohamed (1974). Kutty (1972) measured hypoxic!

A.Qs of Tilapia mossambica at 0.6 mg O /l and found that A.Q. would

!
80 up as high as 1.0. In this case the experimental set up he used was

different and the species not a carnivore. Being a carnivore, naturally,J

Lates calcarifer would utilize more energy.
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In hypoxia and recovery, at 30 and 35°C, A.Q. plots showed an increas-
ing trend under hypoxia. Similarly during recovery they showed similar
pattern of decreasing in the beginning and then increasing towards the end
at 30 and 35°C in sea water, brackish water and freshwater. Hence salinity
does not have any influence on A.Q. sincé the trends at these two tem-
peratures are similar in all respects in all the media. In hypoxia and recovery
the A.Q. and R.Q. increase under hypoxic condition suggest a coupling of
the increased ammonia excretion and increased carbon dioxide output at
low ambient oxygen environment (Kutty, 1972; Peer Mohamed, 1974). This
may have a specific significance in acid-base balance and also in conserving
so<_iium in freshwater (Prosser and Brown, 1961; Garcia Romeu and Motais,
1966; Maetz and Garcia Romeu, 1964; Forster and Goldstein, 1969; Kutty,

1972; Sukumaran and Kutty, 1977).

Ammonia as a base can neutralise acid and the carbon dioxide result-
ing from anaerobic metabolism. The ammonium can be exchanged at the
gills with sodium in ambient water and this was also observed in gold fish,

Carassius auratus and eel, Anguilla anguilla by Maetz and Garcia Romeu

(1964) and Garcia Romeu and Motais (1966) and this is a more complex
process than a simple exchange of ions (De Vooys, 1968). The relative
increase in ammonia production during anaerobiosis helps to prevent acidosis
(Prosser and Brown, 1961). Metabolic production and the release of ammonia
into the blood exceeded the combined rates of excretion and detoxification
of ammonia in rainbow trout (Fromm and Gillete, 1968). The activity of

renal glutaminase in mammals is enhanced by acidosis (Rector et al., 1955)
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and in the neural tissues increased ammonia concentration induces more
glycolysis (Fromm and Gillete, 1968). Usually fish excretes most of the
ammonia branchially and the activities of glutaminase and glutamic acid
dehydrogenase are high in fish gills (Forster and Goldstein, 1969). Thus
the ammonia excretion and ammonia quotient with protein degradation in
ammonotelic animals have a special significance. Since ammonia is the
nitrogenous end product investigated in much of the excretion studies in
fish, it is important for ionic regulation and acid-base balance in the aquatic
organism (Maetz and Garcia Romeu, 1-'964; Garcia Romeu and‘ Motois, 1966;
Kutty, 1972, 1978). The A.Q. values are lower in initial phase where
R.Q. is more showing the relative utilization of protein; and this may be
due to the sparing action of carbohydrate on proteins (Kutty, 1981; Sukumaran
and Kutty, 1987).
f) Asphyxial oxygen concentration in three different media at 30 and

35°C

Asphyxial oxygen concentration is the low lethal level of oxygen
below which the fish cannot survive. The difference in the tolerance limit
to low ambient oxygen (asphyxiation) is species specific as observed in earlier
studies on certain marine teleosts by Hamsa and Kutty (1972); certain fresh-
water teleosts by Peer Mohamed and Kutty (1982) and the fry and finger-

lings of the milk fish, Chanos chanos and the grey mullet, Mugil cephalus

by Usha Devi (1987). The maximum hypoxic tolerance in Carassius auratus,

Tilapia mossambica, Puntius sarana and Rhinomugil corsula are 0.28 ml/l,

0.36 ml/l, 0.41 ml/l and 0.86 ml/l1 at 30°C and 0.28 ml/i, 0.56 ml/l, 0.49
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mil/l and 0.84 ml/l at 35°C respectively.  Usha Devi (1987) observed that

in the case of the fry of milk fish Chanos chanos, the maximum tolerance

to low ambient oxygen (at 35°C and 15%) was 0.56 ml/l, while for the

fry of grey mullet (at 30°C and 30%), it was 0.68 ml/l.

In the present study, in sea water (30%), the asphyxial oxygen con-
centration observed was 1.17 ml/l at 30°C and 1.45 ml/l at 35°C. But
when the salinity was decreased to 15% (Brackish water) and the temperature
was increased to 35°C (from 30°C), the asphyxial oxygen concentration was
found to increase from 1.53 ml/l to 1.60 ml/I whereas when the salinity
was again decreased to 0% (freshwater), the values observed were 1.54
ml/l and 1.60 ml/l at 30 and 35°C respectively. The order of hypoxic toler-
ance is the same as that of the anaerobic abilities as judged from the magni-
tude of the respiratory quotients (Peer Mohamed and Kutty, 1982). According
to the asphyxial oxygen levels obtained by them, the tolerance of hypoxia
in different media can be arranged as follows, sea water = brackish water
= freshwater at 30 & 35°C(Table 14). Comparatively, the hypoxic tolerance
was more in sea water at 30°C. When the temperature was increased to
35°C, it was observed that the tolerance limit was significantlyy lower
in sea water, brackish water and freshwater. However, at both the tempera-
tures, the order of tolerance was similar. It is evident from Table 5 that

the tolerance was higher at 30°C than at 35°C in all the media.

During hypoxia, decrease in ambient oxygen from air saturation down

to the asphyxial oxygen concentration can cause different behavioural res-
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ponses.  The difference in behaviour pattern of hypoxic exposure may hay

a special significance for survival (Hamsa and Kutty, 1972; Peer Mohame
and Kutty, 1980). Gold fish withstands low oxygen concentrations wei
(Fry, 1947; Prosser et al., 1957; Kutty, 1968a) but rainbow trout is relatlvei

intolerant of low oxygen concentrations (Gutshell, 1929; Parry and Holhday

1960; Kutty, 1968a).

In Lates, as in the case of Chanos chanos and Mugil cephalus (Ushif

Devi, 1987), complete anoxic tolerance cannot be claimed since the experﬁ
ments were conducted in a eclosed system. A number of fish show def1mt1
avoidance responses to low oxygen but there is considerable variation i
the threshold oxygen level required between species and within a specie.{
with respect to temperature and season (Jones, 1952; Whitmore et al., 1960;
Hoglund, 1961; Ali, 1979). It is also possible for fish to acquire or ’learn’«j
behavioural responses with manipulation of environmental oxygen as thé,i

primary conditioning stimulus (Sommers, 1962).

The minimum rate of asphyxial oxygen observed in Lates calcarifer

was 117 ml/1 which was in sea wator at 30°C and hence below this rate
it cannot survive. Severe oxygen depletion can be lethal to fish but the
actual lethal level may change at different stages in the life history (Ah,

1979).  The size makes a difference since smaller fish can exploit smaller

microhabitats such as oxygen rich surface films and shallow water but the
large fish can move further and faster and can resist the effects of poten-
tially lethal oxygen conecentrations for longer (Shepard, 1955). Longer resist—f
ance times of larger fish to potentially lethal oxygen concentrations mayi

be due to lower weight - specific oxygen consumption.
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g) Recovery metabolism and oxygen debt in sea water, brackish water
and freshwater at 30 and 35°C
After asphyxiation, in all the experiments, the fish recovered subse-
quently in air saturated water, thus indicating that the anaerobic ability
to survive hypoxia exists. An oxygen debt which is repaid can be measured
in animals immediately after the stress of hypoxia or exercise is relieved
(Peer Mohamed, 1974). Certain species of fish such as the trouts accumulate

an oxygen debt while others such as the crucian carp do not (Blazka, 1958).

The increase in oxygen consumption during the initial phase of recovery
is an indication of oxygen debt (Sukumaran and Kutty, 1977). In this species,
in all the experiments, except at 35°C in sea water, there is post hypoxic
increase in oxygen consumption during the initial phase of recovery. In
sea water at 30°C, the consumption rate increased from the asphyxial level
of 67.94 mg/kg/hr to 83.28 mg/kg/hr (Table 6); in brackish water it rose
from 142.20 mg/kg/hr to 175.64 mg/kg/hr at 30°C (Table 11) and from 173.35
mg/kg/hr to 176.78 mg/kg/hr at 35°C (Table 12); and in freshwater the
rate shot up from 54.50 mg/kg/hr to 91.49 mg/kg/hr at 30°C (Table 16)
and from 37.76 mg/kg/hr to 143.75 mg/kg/hr at 35°C (Table 17). However,
at 35°C (Table 7) in sea water it remained steady (91.78 mg/kg/hr to 91.50
mg/kg/hr - the difference being only marginal, i.e. 0.28 mg/kg/hr) initially
and then rising to 92.67 mg/kg/hr to repay the oxygen debt. Finally the
consumption rate decreased to 89.07 mg/kg/hr showing the accumulation
of oxygen debt as has been shown in trout (Blazka, 1958) in which however,
there was no record of activity measurements. Trout does not repay an

oxygen debt as in Rhinomugil corsula (Peer Mohamed, 1974). The trend
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lines of oxygen consumption in the recovery phase resembles the trend lines
in hypoxic phase. The post hypoxic increase in oxygen consumption in [ates
at 30 and 35°C is quite pronounced and it is noled that the fish repuays

almost entirely all the oxygen debt accumulated as in Tilapia mossambica

reported by Peer Mohamed (1974). Tilapia mossambica is known to accumu-

late lactic acid (also excrete a negligible amount) when exercised at 30°C
(Karuppannan, 1972; Peer Mohamed, 1974) but the lactic acid accumulation
in Lates is not yet known. Carbon dioxide showed an increasing trend in
all the media except at 30°C in brackish water. Similarly ammonia also
showed an increasing trend at 30 and 35°C in sea water and freshwater
but in the case of brackish water ammonia first decreased and then rose.
The corresponding metabolic quotients at both the temperatures resemble
each other. In all the media, the values of R.Q. and A.Q. are comparatively
very high (above unity) suggesting that some anaerobic energy utilization
persists.  R.Q. during the fifth hour of the experiment, but third hour of
recovery phase, had risen to above the pre-hypoxic level in all the media
at both the temperatures, suggesting that the recovery processes were almost
complete. The activity showed an increasing trend in recovery metabolism,

except at 35°C in brackish water in which the trend was the reverse.

The differences between recovery at 30 and 35°C might account
for the differences in oxygen debt accumulation and also the changes in
metabolic mechanisms in Tilapia at two different temperatures. In Lates
there is not much difference between recovery at 30 and 35°C and so the

temperature has no influence on recovery metabolism.
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The anaerobic contribution is perhaps most conveniently assessed
by continued measurement of oxygen consumption on completion of swimming
until it returns to pre-exercise levels, at which time the oxygen debt is
presumably repaid (Heath and Pritchard, 1962; Brett, 1964; Smit et al.,
1971; Hoar and Randall, 1978). This procedure assumes that the products
of anaerobic metabolism such as lactate are not exereted but subsequently
oxidized during the recovery phase following exercise. In sockeye salmon
the rate of replacement of oxygen debt following fatigue was in excess
of 3 hr, and independent of temperature (Brett, 1964; Hoar and Randall,
1978). The magnitude of the oxygen debt accumulated during fatigue was
highly influenced by the temperature.

h) Comparative metabolic adaptability of Lates calcarifer in sea water,
brackish water and freshwater at 30 and 35°C

Metabolic rate is of major significance because, it affeets the speed
of all vital processes. The metabolic rates are linked directly with oxygen
requirements, and these must be understood in order to solve many problems
associated with rearing fish, handling fish, shipping live fish etec. (Winberg,

1960).

Among the euryhaline fishes, Lates calcarifer showed a remarkable

adaptability to the wide variations in salinity.  Food intake is higher in
the salinity range of 5-20% and this indicates that for young specimens
the ideal salinity range for better metabolism Is between 5-20% and it
also indicates that the apetite of fry is influenced by the ambient salinity

(Mukhopadhyay and Karmarkar, 1981). Similar observations had been made
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in Mugil cephalus (De Silva and Perera, 1976) and Cyprinodon macularis

(Kinne, 1960).

The metabolic rate in fish, as in other animals, is most often eva-
luated by the rate of respiration, chiefly by the rate of oxygen consumption.
While comparing the oxygen consumption rates in different media, the mean
rates (mean of means) at both the temperatures during hypoxia are as follows:
82.87 mg/kg/hr at 30°C (Table 3) and 89.80 mg/kg/hr at 35°C (Table 4)
in sea water; 133.4 mg/kg/hr at 30°C (Table 9) and 127.30 mg/kg/hr at
35°C (Table 10) in brackish water; and 75.36 mg/kg/hr at 30°C (Table 14)
and 108.54 mg/kg/hr at 35°C (Table 15) in freshwater. Similarly, in hypoxia-
recovery phase the mean rates are, 80.83 mg/kg/hr at 30°C (Table 6) and
93.27 mg/kg/hr at 35°C (Table 7) in sea water; 150.79 mg/kg/hr at 30°C
(Table 11) and 153.70 mg/kg/hr at 35°C (Table 12) in brackish water and
83.28 mg/kg/hr at 30°C (Table 16) and 108.48 mg/kg/hr at 35°C (Table
17) in freshwater. In all the experiments, except the condition in brackish
water at 30°C during hypoxia, the oxygen consumption rates are higher
at 35°C than at 30°C. = Oxygen consumption rate is known to increase in
marine organisms transferred to dilute media, as also in freshwater organisms
transferred to saline media (Parvatheswararao, 1965 and Madanmohan Rao,
1968) and this enables the organisms to meet the additional energy demands
for osmoregulation in the new media (Bashamohideen and Parvatheswararao,
1972).  Similarly while transferring this marine species to brackish water
and also to freshwater the oxygen consumption rates seem to be increased.
The mean values estimated in brackish water and freshwater are higher

than the values in sea water at both the temperatures. This was also
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supported by the view that oxygen consumption increases due to excitement

(Brett, 1965; Smith, 1965; Kutty, 1968a).

The serum salt concentration of fish is less than that of sea water.
In a marine environment water is lost at the gills and other body surfaces
(Black, 1951; Potts, 1954;; Hoar and Randall, 1978). Conversely freshwater
nomeostasis is dependant on the elimination of absorbed water, the concen-
tration of the body fluids being greater than that of the environment (Black,
1957; Hoar and Randall, 1978). The mechanism by which osmoregulation
is achieved may vary among species (Parry, 1958; Gordon, 1963; Threadgold
and Houston, 1964; Hoar and Randall, 1978) but each requires the expenditure
of energy. Dehnel (1960) postulated that a reduction in salinity causes
increased Oxygen uptake because of increased osmotic load but Gordon et al.
(1965) stated that salinity has no effect on oxygen consumption in certain
marine fishes (Ritakumari and Sreelatha, 1987). Farmer and Beamish (1969)
observed the lowest oxygen utilization in isosmotic salinities. After review-
ing the literature on teleost fishes, Fry (1971) concluded that the most
consistent pattern shows minimum metabolic rates at salinities which are
closest to the osmotic content of the body fluids.  Chanchal et al. (1977)
postulated that the effect of salinity on metabolic rate is both stimulation
and depression and it varies from species to species (Ritakumari and Sree-

latha, 1987).

Adaptability of Lates calcarifer to wide variations in salinity show

that there is a possibility of culturing this species commercially in sea

water, brackish water and freshwater. In the euryhaline fish Aholehole
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(Kuhlia sandvicensis) the values for both active and standard oxygen con-

sumption were higher in salt water than in freshwater but the differences
were not statistically significant (Muir and Niimi, 1972). Madanmohan Rao,
in 1968, reported a higher oxygen consumption for rainbow trout in 30%
salt water than in freshwater at all swimming speeds and attributed the

difference to a higher cost of osmoregulation in salt water.

The temperature dependence may be achieved through suitable adjust-
ment of the metabolism, and not by an adjustment of the milieu as noted

previously in Etroplus maculatus (Prosser, 1955; Ritakumari and Sreelatha,

1987).  Regarding the size of the fish, the metabolic rates should be high
since young ones were used for the present study. Bashamohideen and Parva-
theswararao (1972) suggested that the smaller individuals are osmotically
more efficient than larger fish. Body size is known to influence osmo-
regulation in fishes although its direction may not be the same in all cases
(Parry, 1958; Houston, 1961; Kinne, 1964; 1971; Parvatheswararao, 1965;
1967).  Fishes could respire upto a level as high as the active metabolic
rate due to excitement (Fry, 1967; Peer Mohamed, 1981a). Metabolic rates
related to racial behaviour in an arectic whitefish, and to season in the
blue gill, have been found to show significant differences when body weight,
temperature and activity are taken into account (Wohlschlag, 1957; Wohlschlag

and Juliano, 1959; Brett, 1962).

In Lates, the activity has no change in varying salinity  which is
in concordance with the observations made by Dizon et al. (1977) on the

relationship between salinity and swimming performances of skip jack and
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yellow fin tuna. He found that a consistent pattern of change in the swimm-
ing speed of these species did not ocecur in response to salinity decrease
from 34% to 29%. The main direction in adaptable metabolic phenomena
in the course of evolution was one leading the path of active metabolism
and the capacity to increase it to this or another level. The determination
of maximal active metabolism of the fish and its comparison with standard
metabolism are of great importance and this holds good for the determination
of energy expenditure during movements performed over long periods of
time.
i) Estimates of energy utilization in sea water, brackish water and

freshwater

Energy yielding metabolism is one of the main biochemical criteria
organically linked with the vital functions of animals (Pavlovskii, 1964).
Like other animals, fish also tend to eat to meet their energy requirements

(Rozin and Mayer, 1961).

From the data on normoxia and hypoxia it is possible to estimate
the proportion of energy derived aerobically and anaerobically; and to some
extent the relative amount of substrates degraded could also be checked,
as suggested by Kutty and Peer Mohamed (1975). Basing his calculations
on mammalian energetics, Kutty (1972) observed that the metabolism of

Tilapia mossambica, immediately after handling, had an anaerobic component

in the metabolism at 30°C and concluded that 20% of carbondioxide pro-
duced resulted from anaerobic sources. Similarly Kutty and Peer Mohamed

(1975) found out that mullet at 30 and 35°C did not derive any energy,
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anaerobically. Further, they expressed that the values from mammalian
energetics need not be true for fish since the end product of fish metabolism

is predominantly ammonia, and the structure and caloric content of the

Lates in different media is made, based on approximations made from data

on fish by Kutty and Peer Mohamed (1975),

In fish tissue free amino acid pool is an important source of energy
(Hochachka and Somero, 1973; Kutty and Peer Mohamed, 1975) as shown
in the case of other groups of animals (Awapara, 1962; Florkin, 1966; Peer
Mohamed, 1974).  Free amino acids available would indicate the type of
proteins available for degradation (Peer Mohamed, 1974). In carp muscle
about 80% of the free amino acid pool is made up of glycine (48%) and
histidine (32%) (Creac'h, 1966; Love, 1970; Kutty and Peer Mohamed, 1975).
The musele amino acids are the major energy source (muscle constitutes
about 50% of body weight in most fish) and hence the energy derivable
from proteins can be estimated (Peer Mohamed, 1974). Brafield and solomon
(1972) pointed out that since amino acids are completely broken down to
carbon dioxide, water and ammonia the oxycalorific value of proteins in
fish metabolism should differ from that of mammalian metabolism and an
R.Q. of unity could be expected if alanine is oxidized. Similarly, if glycine
Is used as a substrate, the R.Q. and A.Q. will be:

C2HON+1SO-——>-2CO + H,0 + NII

572 ’ 2 2 2 3
R.Q. = C02/02 = 2/1.5 = 1.33
A.Q. = NH3/O2 = 1/1.5 = 0.667
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Accordingly histidine would yield R.Q. and A.Q. values of 1.2 and 0.6 res-
pectively. Hence it is obvious that aerobic break down of these amino
acids, as expected in ammonotelic animals, yields R.Q. values of above
unity and A.Q. values upto 0.67 or higher, as in the case of arginine which
yields an A.Q. of 0.9. Generally, while estimating R.Q. and A.Q. values
of protein break down in fish, it is assumed that always a mixture of glycine
and histidine is used as a substrate in the ratio of 3:2 and the degradation
of this mixture would result in R.Q. and A.Q. values of 1.24 and 0.621
respectively (Peer Mohamed, 1974). With these basic assumptions the energy

yield from proteins and other substrates in sea bass has been calculated

as given below.

i) Estimates of energy utilization in routine metabolism at 30 and 35°C

Using the routine values of metabolism tested in air saturated sea

water at 30°C the estimates of energy utilization has been worked out

(data from Table 22).

Routine Oxygen consumption 126.55 mg/kg/hr
Routine A.Q. = 0.77
Routine A.Q. = 0.09

Routine Carbon dioxide

production = 126.55x0.77 = 97.44 mg/kg/hr

O B S
i

Routine Ammonia excretion = 126.55 x 0.09

11.39 mg/kg/hr

Oxygen needed to degrade

1

11.39/0.621 18.34 mg/kg/hr

proteins (glycine + histidine)
to produce 11.39 mg/kg/hr

of Ammonia

]
!
]
)
]
!



Table 22. Metabolic rates, quotients and activity used for the estimates of energy utilized
by sea bass in sea water, brackish water and freshwater at 30 and 35°C during
routine metabolism are given.
30°C 35°C

Sea water Brackish water Fresh water Sea water Brackish water Freshwater
Oxygen .
(mg/kg/hr) 126.55 + 42.72 100.14 + 93.15 135.90 + 58.43 79.65+ 65.22 94.87+ 87.73 129.63 + 28.4(
Carbon dioxide
(mg/kg/hr) 97.23 + 32.70 76.09 £ 69.67 105.57 + 47.77 64.84+ 69.03 76.56+ 74.51 104.55+ 51.06
Ammonia
(mg/kg/hr) 10.51 £ 10.46 8.92 + 5.24 1143 ¢ 5.85 3.59 % 4.70 12.37x 12.68 13.34+ 8.57
R.Q. 0.77 =  0.08 0.80 + 0.15 0.77 £ 0.10 0.72+ 0.16 0.82+ 0.17 0.76 + 0.26
A.Q. 0.09 =+ 0.09 0.12 0.07 0.10 = 0.06 0.04 £ 0.02 0.14 = 0.06 0.12+ 0.11
Random
activity
(counts/hour) 31.5 £ 10.96 23.5 5.74 11,56 + 10.04 39.00+ 22.77 32.50+ 13.00 43.00+ 30.70
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Carbon dioxide equivalent of

]
18.34 mg/kg/hr oxygen in g = 18.34 x 1.24 = 22.74 mg/kg/hr
protein breakdown 2
Non protein oxygen = 126.55 - 18.34 = 108.21 mg/kg/hr
Non protein carbon !
dioxide C§ = 97.44 - 22.74 = 74.70 mg/kg/hr
Non protein R.Q. = 74.7/108.21 = 0.690

Since the non protein R.Q. is clearly below unity, it appears that
the sea bass was completely aerobic in air saturated water at 30°C. It
is also possible to calculate the proportionate energy derivations from the
three substrates proteins, carbohydrates and fats in Lates from the values
already obtained. As protein yields 4.57 k cal/l O, (4.57 cal/ml 02) (correc-
ted value for ammonotelic animals, Brafield and Solomon, 1972), the net
caloric yield from protein is 83.81 cal/kg/hr (4.57 x 18.34). Non protein
R.Q. derived for sea bass at 30°C is below 0.7 which is quite below the
conventional R.Q. values for fat (Dowban, 1969). Therefore it is assumed
that non protein substrate is only fat and, glucose is not involved in oxidative
energy release (Sukumaran and Kutty, 1987). The energy yields from fat
is 4.665 cal/ml/02 (Cantarow and Scheparts, 1967). From this it can be
estimated that the total yield from fat is 504.80 cal/kg/hr (4.665x108.21).
Hence the percentage of energy utilized by the breakdown of proteins and
fats in sea bass exposed to high oxygen levels at 30°C in sea water are

14.24% and 85.76% respectively.

Based on the above calculations, the estimates of caloric yield from

three substrates proteins, carbohydrates and fats, and, their percentage
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composition along with non protein R.Q. are given in Table 23 (based on
data from Table 22) for sea bass tested at 30 and 35°C in sea water, brack-
ish water and freshwater. When tested at 30°C the caloric yield from protein
metabolism had increased from 83.81 cal/kg/hr in sea water to 88.48 cal/kg/hr
in brackish water and then increased to 99.99 cal/kg/hr in freshwater. As
suggested by Brett and Groves (1979) that the principal energy source in
carnivorous fish appear to be lipid and protein rather than lipid and earbo-
hydrate, here also the energy yield from protein and fat are more than
the energy from carbohydrate in aerobie condition. In all the three media
non protein R.Q. values are below (.7 which is quite below the conven-
tional R.Q. values for fat (Sukumaran and Kutty, 1987) suggesting that
the fish has not derived any energy from carbohydrate. The ecalorie yield
from fat metabolism has declined in brackish water (377.24 cal/kg/hr) from
the level of sea water (504.80 cal/kg/hr) and it increased in freshwater

(530.42 cal/kg/hr) from that of sea water.

When sea bass was exposed to 35°C, the caloric yield from proteins
showed a continued increase from sea water to brackish water and then
further to freshwater (23.49 cal/kg/hr—97.75 cal/kg/hr—s 114.52 cal/kg/hr).
Since the non protein R.Qs in sea water, brackish water and freshwater
are 0.684, 0.698 and 0.645, the fish has not used carbohydrate as the energy
source in all the media. However, the caloric yield from fat slightly declined
from 346.99 cal/kg/hr to 343.52 cal/kg/hr and then increased to 481.96

cal/kg/hr in freshwater. A similar trend was observed in percentage of

caloric yield also.



Table 23. Caloric yield and percentage of energy derived from different substrates (protein
and fat) by sea bass during routine metabolism, in sea water, brackish water
and freshwater at 30 and 35°C are given. Corresponding non protein R.Q. values

in each medium are also given.

30°C 35°C
Sea water Brackish water Freshwater Sea water Brackish water Freshwater

Substrate

Caloric % Calorie % Caloric % Caloric % Caloric % Caloric %

yield yield yield yield yield yield

cal/kg/hr cal/kg/hr cal/kg/hr cal/kg/hr cal/kg/hr cal/kg/hr
Protein 83.81 14.24 88.48 19.00 99.99 15.86 23.49 6.34 97.75 22.15 114.52 19.20
Carbohydrate Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil
Fat 504.80 85.76 377.24 81.00 530.42 84.14 346.99 93.66 343.52 77.85 481.96 80.80
Total energy 588.61 465.72 630.41 370.48 441.27 596.48

Non protein R.Q. 0.6S0 0.694 0.680 0.684 0.698 0.645




78

(ii) Estimates of energy utilization under hypoxia at 30 and 35°C

To show the estimates of energy derived during hypoxic metabolism,
the metabolic rates obtained at the lowest ambient oxygen level (based

on Table 24) at 30°C in sea water is given as an example.

I

Oxygen consumption . 75.53 mg/kg/hr
R.Q. = 1.46

A.Q. = 0.184

1

Carbon dioxide production 75.53x1.46 = 110.27 mg/kg/hr
Ammonia execretion = 75.53x0.184 = 13.90 mg/kg/hr

Oxygen equivalent of
Ammonia excreted = 13.90/0.621 = 22.38 mg/kg/hr

Carbon dioxide equivalent
of oxygen consumed

it

22.38x1.24 = 27.75 mg/kg/hr

Non protein oxygen = 75.53-22.38 = 53.15 mg/kg/hr

Non protein carbon dioxide 110.27-27.75= 82.52 mg/kg/hr

Non protein R.Q. 82.52/53.15 = 1.55

Anaerobic carbon dioxide
produced = 0.55%53.15 = 29.23 mg/kg/hr

Since the non protein R.Q. is above unity, it is suggestive that sea
bass at 30°C is anaerobic. As suggested by Kutty and Peer Mohamed (1975),
since the A.Q. has not exceeded 0.62 (aerobic maximum for the mixture
of glycine and histidine, as assumed), it is impossible to judge whether
any ammonia is produced anaerobically. An A.Q. near unity was obtained
at an ambient oxygen level of 0.6 mg/l (Kutty, 1972) in the case of Tilapia
mossambica, and in such cases anaerobic ammonia production must have

occurred. It is quite possible that the anaerobic glycolysis and amino acid
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breakdown are linked together during anaecrobiosis (Kutty, 1972; Hochachka

and Somero, 1973; Kutty and Peer Mohamed, 1975).

The proportion of energy derived anaerobically from proteins and
carbohydrates cannot be calculated directly from the data on hypoxic meta-
bolism. As assumed by Kutty and Peer Mohamed, this can be approximated,
if an energy estimate for the mean level of random activity concerned
for the hypoxia (Fig.1) is known. Based on that, the mean random aectivity
for the corresponding hypoxic metabolism is 34.79 counts/hr. An extrapolated
oxygen consumption for the random activity (34.79 counts/hr), is 74.13 mg/kg/
hr from the regression line of oxygen consumption against random activity
at 30°C (Fig.1). With the assumption of Kutty and Peer Mohamed (1975)
that the caloric value of oxygen for randomly active sea bass exposed to
high oxygen is also applicable to the extrapolated value of 74.13 mg/kg/hr,
it can be calculated that the latter is equivalent to 516.07 cal/kg/hr (588.61
X 74.13/84.55). The energy derived from proteins is 102.28 cal/kg/hr (4.57x
22.38 mg/kg/hr). The amount of energy derived from carbohydrates aero-
bically, equivalent to 53.15 ml Oz/kg/hr, is 268.41 cal/kg/hr (5.05x53.15).
Since fat is not known to be used anaerobically (Hochachka and Somero,
1973; Kutty and Peer Mohamed, 1975), the non protein energy source in
hypoxic condition is mainly carbohydrate, and from the total energy of
516.07 cal/kg/hr the energy derived anaerobically can be calculated as 145.38
cal/kg/br [516.07-(102.28+268.41)] which is about 28.17% (145.38x100/516.07).
The estimate of anaerobic carbon dioxide is 29.23 mg/kg/hr of the total

carbon dioxide produced.
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Similarly, the estimates of caloric yield from proteins, carbohydrates
and anaerobic source, and their percentage composition alongwith non protein
R.Q. were calculated and presented in Table 25 (based on the data given

in Table 24) for seca bass tested at 30 and 35°C in three different media.

The enérgy derived from proteins at 30°C in hypoxic metabolism
was found to increase from 102.28 cal/kg/hr in sea water to 190.75 cal/kg/hr
in brackish water, which then decreased to 132.48 cal/kg/hr in freshwater.
In contrast to protein, the energy derived from carbohydrate first decreased
from 268.41 cal/kg/hr in sea water to 163.17 cal/kg/hr in brackish water,
and then increased to 266.79 cal/kg/hr in freshwater. The anaerobic energy
derived, are in increasing order in sea water, brackish water and freshwater
such as 145.38 cal/kg/hr, 67.7 cal/kg/hr and 170.24 cal/kg/hr respectively.
From the non protein R.Q. of 1.55, 2.89 and 2.53 the anaerobic carbon
dioxide produced can be calculated as (0.55 x 53.15) 29.23 mg/kg/hr in sea
water, (1.89 x 32.31) 61.07 mg/kg/hr in brackish water, and (1.53 x 52.83)

80.83 mg/kg/hr in freshwater.

At 35°C, the energy derived from protein is in increasing order from
sea water to brackish water to freshwater (45.61 cal/kg/hr to 147.34 cal/kg/hr
to 182.89 cal/kg/hr). As in 30°C the energy derived from carbohydrate
decreased from 262.55 cal/kg/hr in sea water to 211.55 cal/kg/hr in brackish
water and then increased to 221.94 cal/kg/hr. The anaerobic energy continu-
ously increased from 11.33 cal/kg/hr in sea water to 74.28 cal/kg/hr in
brackish water and then to 172.56 cal/kg/hr in freshwater. The percentage

of caloric yield also showed a continued increase from sea water to brackish



Table 24. Metabolic rates, quotients and random activity used for the estimates of energy derived
by sea bass during hypoxic metabolism in sea water, brackish water and freshwater at
30 and 35°C are given.
30°C 35°C
Sea water Brackish water Freshwater Sea water Brackish water Freshwater

Oxygen 75.53 £ 14.32 74.05 + 42.41 81.82 + 16.87 61.97 £+ 19.13 74.14 + 34.82 83.97 £ 30.54
(mg/kg/hr)
Carbon dioxide 109.72 + 27.26 150.78 + 121.13 166.25 + 48.07 119.37 + 44.78 141.75 + 67.31 179.44 + 42.42
(mg/kg/hr)
Ammonia 13.85 + 7.80 22.22 + 4.97  15.78 + 14.79 6.07 £ 1.42 12.13 + 12.84 24.24 + 15.86
(mg/kg/hr)
R.Q. 1.46 £ 0.23 1.96 + 0.57 2.07 + 0.56 1.90 =+ 0.15 1.90 £+ 0.22 2.23 + 0.38
A.Q. 0.184+  0.09 0.35 £+ 0.13 0.22 + 0.23 0.10 £ 0.01 0.27 £+ 0.44 0.296+ 0.14
Random
activity 25.28 + 17.29  18.25 + 10.72 24.89 + 12.69 6.0 £+ 4 25.75 £ 19.32 40.8 =+ 30.36

(counts/hour)




Table 25. Caloric yield and percentages of energy derived from different substrates (proteins
and carbohydrates) by sea bass during hypoxic metabolism at 30 and 35°C in
sea water, brackish water and freshwater are given. Anaerobic energy derived
under hypoxia and non protein R.Q. values in each media are also given.
30°C 35°C
Sea water Brackish water Freshwater Sea water Brackish water Freshwater
Caloric %  Caloric % Calorie % Caloric % Caloric % Caloric %
yield yield yield yield yield yield
cal/kg/hr cal/kg/hr cal/kg/hr cal/kg/hr cal/kg/hr cal/kg/hr
Proteins 102.28 19.82  190.75 45.24 132.48 23.26 45.61 14.28 147.34 34.01 182.89 31.68
Carbohydrates 268.41 52.01  163.17 38.70 266.79 46.85 262.55 82.17 211.55 48.84 221.94 38.43
Fat Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil
Anaerobic
energy 145.38 28.17 67.7 16.06 170.24 29.89 11.33 3.55 74.28 17.15 172.56 29.89
Total energy 516.07 421.62 569.51 319.49 433.17 577.40
Non protein R.Q. 1.55 2.89 2.53 2.03 2.41 3.13
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water and then further to freshwater (3.55% to 17.15% and then to 29.89%).
The total energy derived were 319.49 cal/kg/hr in sea water, 433.17 cal/kg/hr
in brackish water and 577.40 cal/kg/hr in freshwater which was also in
increasing order. The non protein R.Q. also showed an increasing trend
from 2.03 to 2.41 and then to 3.13. So the anacrobic carbon dioxide produced
are 53.55 mg/kg/hr (1.03 x 51.99) in sea water, 59.07 mg/kg/hr (1.41x41.89)

in brackish water and 93.61 mg/kg/hr (2.13x43.95) in freshwater.

The sea bass derives energy from protein in both aerobic and anaerobic
condition.  Carbohydrate is not used as the energy source in aerobic condi-
tion. In routine metabolism, lipid or fat seems to be the major energy
source. Brett and Groves (1979) suggested that lipids are the principal
non protein energy source in the natural diets of both carnivorous and omni-
vorous fish provided, dietary fats are liquid at ambient temperatures and
fats are both highly digestible and readily metabolized. The fact that "the
presence of large amounts of oil in fish means that lipids rather than carbo-
hydrate is the favoured energy reserve of most aquatic animals in natural
environment" apply to all fish, especially to marine fish (Hoar_e_:_’i al., 1979).
The larvae of sea bass nourishes well with oil globule, and the long persist-
ence of the oil globule in this species explains the robustness of the larvae
and the stabilization of survival rates at a very early stage of its life history
(Hiroshi Kohno et al, 1986). During the present study, R.Q. values were
found to be greater than unity in the case of sea bass. R.Q. values greater
than unity have been reported in several cases where there was active synthe-
sis of body fat. Kutty (1972) reported that in the case of fish, anaerobic

metabolism can result in R.Q. values between 1 and 2. Usually the caloric
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equivalent of oxygen uptake "Qox" consequently varies with the physiological
state and substrate utilized. Blazka (1958) and Nagai and lkeda (1971)
suggested that in crucian carp under ammonia, glycogen is converted to
fat resulting in the release of carbon dioxide and energy. Nagai and lkeda
(1971) who studied carbohydrate metabolism in carp, showed the incorporation
of glucose c' in amino acids (protein) and in lipids clearly suggesting the

conversion of glucose into other energy substrates namely fat and proteins.

The energy necessary for the osmotic work in stress media seems
to be derived predominantly through oxidative degradation of blood glucose
as evidenced by the increase in ecaloric yield of carbohydrate in anaerobic
condition and the accompanying increase in the oxygen consumption in fish
acclimated to these media. The rate of utilization of blood glucose by
sea bass in various acclimation media appears to be governed by the combined
effects of media, salinity and the osmotic gradient of blood medium as

observed in Tilapia mossambica by Bashamohideen and Parvatheswararao

(1972).

j) General discussion

The solution to a number of practical problems such as the amount
of food needed for the existence and growth of fish in natural and artificial
conditions cannot be arrived at without a knowledge of active metabolism
(Pavlovskii, 1964). Numerous factors may influence the standard or active
metaboliec rates, or both, and can therefore affect the scope for activity

(Fry, 1957, 1967; Dickson and Kramer, 1971).

One of the significant observations of the present investigation is

the higher rate of oxygen consumption in freshwater and brackish water
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than in sea water in the case of sea bass. This is supported by the fact
that oxygen consumption is known to increase in marine organisms trans-
ferred to dilute media, as also in freshwater organisms tfansferred to saline
media (Parvatheswararao, 1965; Madanmohan Rao, 1968). Madanmohan Rao
(1968) reported a higher oxygen consumption for rainbow trout in 30%° than
in freshwater at aj swimming speeds, and attributed the difference to a
higher cost of Osmoregulation in salt water., The increase in heterosmotic
media was attributed to the difference in salinity (Hickman, 1959) or increased
osmotie gradient (Sarojini Devi, 1960; Parvatheswararao, 1965; Lotan, 1966;
Madanmohan Rao, 1968) or to the pattern of metabolic osmotic relation
(Bashamohideen and Parvatheswararao, 1972).  This difference in the relation
of metabolic rate to the salinity of the medjum or the osmotie gradient,
assumes considerable significance in the light of the suggestion that during
the evolution of animals, osmotic independence appears to have originated

& number of times ang radiated in a number of directions, leading to the

encountered in natyre (Hickman, 1959). Such variance may be pronounced
in the teleost fishes, whose chequered phylogeny involving a series of trans-
migrations between fresh and salt waters, exposed them {o a variety of
osmotic situations to which they could adapt successfully, possibly through
varied means (Parvatheswararao, 1967; 1970). Statistical results indicate
that with oxygen consumption the interaction between environm(?nt and experi-
ment were significantly different at 5% level. Active oxygen consumption
for a 30 g euryhaline fish Aholehole (Kuhlia sandvicensis) is about 12% higher

in salt water than in freshwater, but analysis of co-variance (F-test) indicates
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that the samples are not significantly different. Freeman (1950) postulated
that the metabolie activity of the brain is the predominating factor govern-
ing the rate of oxygen consumption in fish and, probably excitement is
effective through the central nervous system, causing increased muscle tone

and increased rate of oxygen consumption (Smit et al., 1971).

Another significant observation is the anaerobic ability of the sea
bass to survive hypoxia seen in all the media at both the temperatures.
In agreement with the findings of Kutty (1968a), and Kutty and Peer Mohamed
('1975), it is assumed that the magnitude of R.Qs can only indicate the
intensity of anaerobic metabolism. R.Q. values during the current study
were significantly above unity, clearly suggesting that during hypoxia, there
was a considerable amount of anaerobic metabolism resulting in the release

of excess carbon dioxide, as in the case of Rhinomugil corsula noted by

Kutty and Peer Mohamed (1975) and fry and fingerlings of Mugil cephalus

and Chanos chanos as confirmed by Usha Devi (1987).

It is very interesting to note that in routine metabolism at highest
ambient oxygen, R.Q. value rose to a maximum of 6.67 and at lowest ambient
oxygen to 12.73 as mentioned earlier. The higher the R.Q. over unity,
the higher the extent of anaerobic metabolism (Kutty and Peer Mohamed,
1975).  The R.Q. values above unity recorded by Kutty (1972) in Tilapia
mossambica suggested that the observed routine R.Q. of unity has a protein
component since (ther'e is some amount of protein degradation and, this
then leaves room for an anaerobic component in the routine R.Q. and, the

corresponding anaerobic ecarbon dioxide produced also can be estimated.

The R.Q. values above unity indicate the involvement of anaerobic energy
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at high ambient OXxygen concentrations during routine and active metabolis:
that can be at least partially attributed to the fact that the fish wer:

handled just prior to the experiment as indicated by the studies of Kutt;

(1972) in Tilapia mossambica. Since the R.Q. values are above unity, seg

bass seems to be showing partial anaerobiosis during normoxia similar tc

the partial anaerobiosis at high ambient oxygen noticed in gold fish, whlch

sustained for a long period (Kutty, 1968a); and Tilapia mossambica (Kutty,
1972) which has mechanisms to produce metabolic carbon dioxide even m

the complete absence of oxygen possibly like its kin, the cruecian carp (Blazka,:

1958; Hochachka, 1961). Routine R.Q. value of above unity was estimated

by Kutty (1968a) in gold fish (maximum mean R.Q. of 2.43) and in the%

. initial phase of exercise in Rhinomugil corsula (Sukumaran and Kutty, 1937)§

suggesting that anaerobic energy utilization is high during initial phase,

Tilapia mossambica acelimated to and tested in freshwater at 30°C main-é
tained a routine R.Q. of above unity and an A.Q. of about 0.2 at high‘
ambient oxygen conecentrations. At low oxygen concentrations (below 2
ppm), R.Q. and A.Q. increased sharply to values of 8 and 1 respectively |
at 0.6 ppm, indicating a close relationship between increase in anaerobic
energy utilization and increase in protein metabolism at inadequate oxygen-i
concentrations. R.Q., A.Q. and their interactions did not show any signi—:‘
ficant difference statistically. Privolnev (1954) found out a R.Q. of 4.3‘:

at 20°C for the cruecian carp in the hypoxie condition. Kutty (1972) showed

a maximum R.Q. of 8 in Tilapia mossambica and Peer Mohamed (1974)

3.56 in gold fish and 3.28 in Tilapia mossambica under hypoxic conditions.
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Even under conditions of least stress, an R.Q. consistently above unity,
signifying an anaerobic fraction, was found in gold fish forced to swim for
hours at low swimming speed in adequate ambient oxygen (Kutty, 1968a).

Tilapia mossambica could live in low oxygen conditions through aerobic

means for long periods, but its capacity for continued anaerobic energy

utilization appears to be limited (Kutty, 1972).

The anaerobic carbon dioxide or additional carbon dioxide produced
are in increasing order from sea water to decreasing salinities right down
to freshwater. This carbon dioxide production under hypoxia can be metabolic
or non metabolic carbon dioxide as has already been discussed under "R.Q.
and anaerobic metabolism". The accumulation of lactic acid in animal
tissues causes the release of carbon dioxide from the bicarbonate reserve
(Black, 1958; Black et al., 1959, 1966), thereby resulting in an R.Q. above
unity (Kutty, 1968a). It is not known whether extra stress would increase

the R.Q. (at higher levels of activity) as suggested by Kutty (1968a). Analysis

of variance showed that carbon dioxide had significant difference with environ
ment at 1% level. In most of the studies, the experimental fish was kept
in the respiromet'er for sometime for recovery from the handling effects,
if any, because handling results in excitement and ecauses randon activity
to increase (Brett, 1964; Fry, 1967). It has also been reported that R.Q.

of gold fish and rainbow trout (Kutty, 1968a) and Tilapia mossambica (Kutty,

1972) are frequently above unity during periods of excitement. In the present
study also, resultant routine R.Q. above unity must be due to the handling

of fishes just before the experiments.
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Thirdly, there was a clear cut increase in the rates of ammonia
excretion with the decrease in rates of Oxygen consumption under hypoxic

conditions observed during hypoxia and recovery, as in Mystus armatus reported

by Sukumaran and Kutty (1977). The end product of protein metabolism
is taken as ammonia and calculations based on this fact indicate the pro-

minent changes in R.Q., A.Q. and also in the energy derived from proteins

(Brafield and Solomon, 1972). Statistical analysis showed that ammonia
excretion was significantly different with the experiment,  and the inter-
actions of temperature with both environment and the experiment at

5% level. Increased ammonia excretion during hypoxia and the extra release
of ammonia may be either from anaerobic ammonia production, or from
the trapped or bound ammonia in musele cell and blood as suggested by
Rosado et al. (1962) in mammals. This ammonia may be of advantage to
the fish in acid-base regulaltion (preventing acidosis) and iono-osmotic regu-
lation (conservation of sodium) (Prosser and Brown, 1961; Maetz and Garcia
Romeu, 1964; Garcia Romeu and Motais, 1966; Forster and Goldstein, 1969;
Kutty, 1972). Goldstein et al. (1964) postulated that it is possible for non-
ionic ammonia to be excreted by passive diffusion down a concentration
gradient across the gill surface from blood to water and, that the activities
of glutaminase and glutaminic acid dehydrogenase are high in fish gills.
Release and excretion of ammonia may have a much more important role
in buffering blood in fish, since the mechanism of acid-base balance in

fish is less known and hitherto unknown buffering systems may be in opera-

tion (Albers, 1970).
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Another salient point which comes out from the present study is
the rise in A.Q. in routine metabolism, hypoxic metabolism and hypoxia
and recovery in sea water, brackish water and freshwater clearly indicating
the extra release of ammonia anaerobically as proved by Kutty (1972) in

Tilapia mossambica and. Peer Mohamed (1974)  in Tilapia mossambica,

Rhinomugil corsula, Puntius sarana and Carassius auratus. This is also

Supported by Driedzic and Hochachka (1975) that amino acids were utilized
85 an anaerobic energy source in carp white muscle although adenylate
is the potential source of anaerobic ammonia (Sukumaran and Kutty, 1977).
In all the cases at 30 and 35°C the A.Q. values obtained were more during
hypoxia than in routine metabolism. The A.Q. values of aerobic phase such
as 0.09, 0.12 and 0.10 at 30°C increased to 0.184, 0.35 and 0.22 at the
same temperature during hypoxia in sea water, brackish water and fresh-
water respectively, showing the increased utilization of proteins as energy
source. Similarly, the A.Q. values such as 0.04, 0.14 and 0.12 at 35°C
shot up to about 0.10, 0.27 and 0.296 in sea water, brackish water and
freshwater respectively.  This is evidenced by the report given by Kutty

(1972) in the case of Tilapia mossambica that the A.Q. values of the fish

during aerobic phase remained at about 0.27 but shot up to a value of
1.0 at low oxygen concentrations (Kutty, 1972), which represents the extra
release of ammonia anaerobically. Similarly, routine A.Q. value of 0.17

shot up to about 0.3 in Mystus armatus (Sukumaran and Kutty, 1977). The

rise in A.Q. indicates the extra release of ammonia anaerobically (Kutty,
1972). In the case of A.Q., the interaction between environment and the

experiment showed significant difference at 5% level.
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Yet another significant observation is that more tolerance was observed
in sea water at 30°C (asphyxial oxygen concentration, 1.17 ml/] 02) and
at 35°C (asphyxial oxygen concentration, 1.45 ml/l 02) as stated previously.
So in sea water, the natural habitat of sea bass, capacity of tolerance is
more compared to other media, may be due to less osmoregulation, suggest-
ing the operation of metabolic homeostasis alongside regulation as pointed
out by Bashamohideen and Parvatheswararao (1972). There is considerable
evidence to indicate the metabolic homeostasis as proved in the case of

prawn Metapenaeus monoceros by Panampathi Rao, 1958; in the fish Etroplus

maculatus by Sarojini Devi, 1960; Parvatheswararao, 1971; and in Tilapia
mossambica by Bashamohideen and Parvatheswararao, 1972. Low oxygen
acclimation increased blood oxygen capacity and efficiency in the utilization
of oxygen, but not oxygen tolerance and anaerobic capacity ( Shepard, 1955;
Prosser et al., 1957, Kutty, 1968a,b; Peer Mohamed and Kutty, 1981). Shepard

(1955) demonstrated that brook trout (Salvelinus fontinalis) could improve

their tolerance to severe hypoxia through prolonged acclimation to hypoxia.
The acclimation to low oxygen did not increase the R.Qs of gold fish exposed
to low oxygen in the experiment conducted by Kutty (1968a). The energy
necessary for osmotic work in stress media seems to be derived predominantly
through oxidative degradation of blood glucose, as evidenced by the sharp
increase in the blood glucose level and the accompanying increase in oxygen
consumption and ecytochrome oxidase activity in fish acclimated to these
media. The negative slopes in hypoxic condition during the periods of hypoxia

and recovery of the oxygen consumption - activity relations in sea water
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and freshwater can perhaps be explained as due to the changes in acid
loading or acidosis, and the consequent reduction in oxygen capacity of
the blood, as in the case of hypoxic mullet explained by Peer Mohamed
(1974). In crucian carp the ability to live anaerobically was much different
at two different temperatures (Blazka, 1958; Kutty, 1968a) - while it can
survive in anoxic conditions for months at 5°C, its hypoxic existence at
20°C is no more than a few hours. Anaerobic condition and the tolerance
limit will not change the blood constituents (Shepard, 1955). There must
be a complex interaction of water balance, ionic retention, tissue tolerance,
irritability, oxygen transport, osmotic work ete., involved in the final meta-

bolic balance (Brett, 1962).

A fifth significant observation is that in recovery metabolism, in
all the three media, the fish recovered subsequently in air saturated water
indicating that the anaerobic ability to survive hypoxia exists in this species.
During recovery phase, sea bass showed a post hypoxic repayment of oxygen
debt. It is noted that fish repays almost entirely all the oxygen debt accu-
mulated. There is a clear correlation between metabolic and behavioural
recovery (Head and Baldwin, 1986). Increased lactate concentrations in

the tail muscle in Cherax destructor during the recovery period imply

that anaerobic glycolysis makes a significant contribution to the metabolic
recovery process and, the actlivation of glycolysis in this muscle has been
attributed to the effects of decreased energy change in the regulatory
enzymes phosphofructokinase and pyruvate kinase (England and Baldwin,
1985). The differences in recovery metabolism, in different media at the

3

two temperatures, may be due to changes in metabolism and pathways due
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and freshwater can perhaps be explained as due to the changes in acid
loading or acidosis, and the consequent reduction in oxygen capacity of
the blood, as in the case of hypoxiec mullet explained by Peer Mohamed
(1974). In crucian carp the ability to live anaerobically was much different
at two different temperatures (Blazka, 1958; Kutty, 1968a) - while it can
survive in anoxic conditions for months at 2°C, its hypoxic existence at
20°C is no more than a few hours. Anaerobic condition and the tolerance
limit will not change the blood constituents (Shepard, 1955). There must
be a complex interaction of water balance, ionie retention, tissue tolerance,
irritability, oxygen transport, osmotic work etec., involved in the final meta-

bolic balance (Brett, 1962).

A fifth significant observation is that in recovery metabolism, in
all the three media, the fish recovered subsequently in air saturated water
indicating that the anaerobic ability to survive hypoxia exists in this species.
During recovery phase, sea bass showed a post hypoxic repayment of oxygen
debt. It is noted that fish repays almost entirely all the oxygen debt accu-
mulated. There is a clear correlation between metabolic and behavioural
recovery (Head and Baldwin, 1986). Increased lactate concentrations in

the tail muscle in Cherax destructor during the recovery period imply

that anaerobic glycolysis makes a significant contribution to the metabolic
recovery process and, the activation of glycolysis in this muscle has been
zgttributed to the effects of decreased energy change in the regulatory
enzymes phosphofructokinase and pyruvate kinase (England and Baldwin,
1985).  The differences in recovery metabolism, in different media at the

two temperatures, may be due to changes in metabolism and pathways due
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to temperature as Suggested by Peer Mohamed (1974) in the case of Tilapia
mossambica.  Excitement and oxygen debt replacement make large demands
on metabolism (Peer Mohamed, 1987). As swimming fish approach critical
velocity, the anaerobje energy contribution increases forcing the fish into
a cumulative Oxygen debt (Brett, 1964) and this debt is repaid in the post
exercise recovery period. In the present study Lates is seen showing post

hypoxic reépayment of oxygen debt.

Dickson and Kramer (1971) provided considerable scientific and statis-
tical evidence in Support of the hypothesis that males have higher active
metabolic ratesg than females. However, in ses bass, the sex cannot be
differentiated since they mature only after attaining a tota] length of 46
em (Moore, 1979). Small individuals were found to have high rates of oxygen
consumption (Moshiri and Cummins, 1969) and generally utilized less blood
glucose and musecle glycogen than large ones in the various aceclimation
media, suggesting that the energy cost of Osmoregulation is less in smaller
fish as reported by Bashamohideen and Parvatheswararao (1972) that Smaller
individuals of Tilapia mossambica are osmotically efficient. The time required
for completion of osmotic adjustments increases with age and decregses
with increasing metabolic rate, and the gross efficiency of fish In stress

media tends to decrease with increasing age (Kinne, 1964).
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This corroborates well with the findings of Peer Mohamed (1981b) in the

case of Tilapia mossambica. While considering the fact that the rate of

oxygen uptake of fish increases by a factor of 2 to 2.3 fold for every 10°C
rise in temperature (Fry and Hochachka, 1970; Evans, 1977; Brett and Groves,
1979), substantial differences in metabolism at 30 and 35°C in the present

study cannot be expected since there is only a difference of 5°C.

It was pointed out that among the three media tested in sea bass
during hypoxia the activity first increased and later decreased towards the
end of hypoxia in sea water and brackish water at either temperatures.
This decrease in activity under hypoxic exposure, though it may not lead
the fish to eseape, would allow it (o conserve  energy  as in Rhinomugil
corsula (Kutty and Peer Mohamed, 1975; Peer Mohamed and Kutty, 1980)

and Chanos chanos (Ilamsa and Kutty, 1972; Usha Devi, 1987). In fresh-

water, at both the temperatures, activity showed a reverse trend with a
decrease at the end. The increased activity induced by hypoxia (in hypoxia
and recovery) in all the cases, except 30°C in brackish water, might allow
the fish to move out of the hypoxic environment to more oxygenated waters

as in the case of Rhinomugil corsula, Puntius sarana and Carassius auratus

reported by Peer Mohamed and Kutty (1980, 1982) and four marine teleosts,
highlighted by Hamsa and Kutty (1972). Thus the difference in behaviour
during hypoxic exposure may have a special significance for survival (Hamsa
and Kutty, 1972). High blood glucose levels are correlated to high levels

of activity (Gray and Hall, 1930).
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The sixth main observation is the energy utilization of seg bass in
all the media. Hoar et al. (1979) reported that the rate at which the energy
is expended by fish can be seen to vary greatly according to the Species,
climatie zone, temperature, size, level of activity; and the energy utilizatjon

in the fish resembles that of g diabetic mammal. Glucose dehydrogenase

lian livers whereas the ability in herbivorous fish (grass carp, silver carp)
is similar to that of mammals (Nagayama et al., 1973). Fish, very muscular
animals, rely on glycolytic fermentation or So-called 'anaerobice metabolism'
to cover their short term energy requirements. For g period of about 20
Seconds fish may spend energy at a rate of abouyt 100 times the basal rate
(Brett, 1979). It has been proved by Blazka (1958, 1960 ); and Blazka and
Kopecky (1961) that crucian carp (Carassius carassius) can survive without
oxygen for months, obtaining energy by adequately converting glycogen to
fat, thereby showing that the eng product of the anaerobic metabolism js
fat . Hinton et al. (1972) found that the liver of large .mouth bass has
a low fat content and that glycogen is the primary storage product (Heidinger
and Crawford, 1977). The observation of Blazka and Kopecky (1961) that
fish excrete organic carbon dioxide was confirmed by Hochachka (1961)
in gold fish. Ekberg (1962) showed that under anoxic conditions the exer-

cised gills excrete both organic and acidic carbon dioxide. There may have

Energy derived aerobically and anaerobically by sea bass from different

Substrates in different media at 30 and 35°C were also estimated based
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on the assumptions of Kutty and peer Mohamed (1975). 1n aerobic condition,
the non protein R.Q. was below 0.7 and so the fish has used only protein
and fat as the energy sources. Ip anaerobic metabolism, the non protein
R.Q. values are above unity which indicate that anaerobic energy has been
derived and is mainly from protein and carbohydrate. Lates has used com-
paratively more energy in freshwater medium, in routine and hypoxic meta-
bolism. This agrees well with the findings of Unnikrishnan ang Laxminarayana
(1984) in prawn, Penaeys indicus, that it spent more €nergy in lower salinities
than in higher salinities.  The lack of ions in freshwater could impose g
fair energy demand to maintain osmotic balance in figh (Peer Mohamed,
1987).  Carnivorous fish feeding on other fish, excrete an average of 27%
of the energy of ingested food (Brett and Groves, 1979). Based on different
views, this extra energy derived may be utilized for increased activity of
the organism arising from its attempts to escape from the stress medium
(Potts, 1954; Gross, 1957), or is utilized for increased transport of eleetro-
lytes in the media (Hickman, 1959), or is used towards increased osmotie
work in stress media as the increase in oxXygen consumption has been found
to be directly proportional to the incresse in the blood medjum osmotic
gradient (Sarojini Devi, 1960; Parvatheswararao, 1965; Madanmohan Rao,
1968). Analysis of variance showed that the interaction between the environ-
ment and the experiment was  significantly different at 5% level but

the others did not show any significant difference.

As stated by Kutty and Peer Mohamed (1975) jn the estimates of

energy utilized by Rhinomugil corsula under hypoxia, it is assumed that
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mueh  more efficiently by pathways othep than the glycolytic path, such
as those involved in the simultaneoys breakdown of carbohydrate ang amino
acids (Hochachka and Somero, 1973) resulting in increased carbon dioxide
and ammonija excretion. Both the Embden - Mayerhoff and the Pentose
phosphate (hexose mono phosphate shunt) pathways are reported to pe taking
part in the metabolism of fishes (Brown, 1960; Hochachka, 1961, 1962,
Hochachka ang Hayes, 1962). Although pathways are unknown, Hochachka
(1961) and Ekberg (1962) suggested that gold fish has mechanisms for the
production of metabolic carbon dioxide even ip the complete absence of
oxygen at low temperatures. These mechanisms apparently can adequately
supply all the energy demands of the organism. Carbon dioxide has long
been known to reduce the affinity of blood for oxygen (Root, 19371) and
to influence the metabolie rate of fish (Basu, 1959; Beamish, 1964; Hoar

and Randall, 1978).

1987). Pyruvate ang lactate are important metabolites whjch appear in
both anaerobic and aerobic metabolism; however, jf the combustion of metg-
bolites through the Kreb's cycle js impaired through a reduction in oxygen

supply, then lactate accumulates. Accumulation of lactate is one of the

accompanied by increased protein degradation, production and exeretion

of ammonia gs Suggested by the sharp increase in A.Q. with increase in
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random activity. Kutty (1972) pointed out that terminal deaminations (Forster
and Goldstein, 1969) can possibly account for a large portion of ammonia
produced, in which case, the relative energy available from proteins may

be muech less. This type of ammonia excretion in Tilapia mossambica was

not observed during forced activity (Karuppannan, 1972) and the ammonia

produced in Mystus armatus (Sukumaran and Kutty, 1977) also denotes energy

derived fully from the protein metabolism.

The present study indicates that among the euryhaline fishes, sea
bass shows remarkable adaptability to wide variations in salinity. The results
of energy utilization during the current study have shown that the energy
expenditure of this species is minimal in sea water and brackish water
compared to freshwater (Table 23 and 25). Hence it is expected that growth
rates would be best in these media. It has also been established through
the current study that activity of the fish is relatively least in brackish
water leading to less energy expenditure, and hence better food conversion
to stored energy. This should contribute significantly to high production
rates.  Eventhough the growth rate will not be as high as in the other
two media, this species can also be cultured in freshwater impoundments
of inland waters. The prospeets of culturing this speeies on o commereial
scale in sea water, and brackish water impoundments should prove very
successful due to the remarkable versatility and adaptability of the species
to changing salinities, its voracious feeding habits, its phenomenal growth

rate, and the commercial value that the fish commands in Indian and overseas

markets.
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1. Metabolic rates, quotients (R.Q. and A.Q.) and random swimming activity
of sea bass (acclimation and test at 30 and 35°C) subjected to routine meta-
bolism (at high ambient oxygen near air saturation), hypoxic metabolism
(from air saturation down to asphyxial level) and recovery metabolism (re-
covery after hypoxia) were determined in three different media such as

sea water (30%), brackish water (15%) and freshwater (0%).

2. Measurements of oxygen consumption, carbon dioxide production, ammonia
excretion, quotients (R.Q. and A.Q.) and random activity of sea bass analysed
in all the experiments (routine, hypoxia, and hypoxia-recovery) are presented
in Figures 1 to 22 based on the corresponding Tables to show trends in

each medium at different temperatures.

3. The experimental set-up and experimental procedure for all the experi-
ments in different salinities are similar and were conducted with the help
of a respirometer. For transitional acclimatization of the fishes from 30%
saline medium to 15% and 0% media, the 'drip method'was used and this
was found suitable because of the gradual increase or decrease in salinity.
It can easily be adapted to by the animal since the change in salinity is

within the 'zone of tolerance' (Perry et al., 1984).

4. It was noticed that oxygen consumption rates were high in the media
to which the experimental fish were transferred (brackish water and fresh-
water) than in natural medium (seca water) and, also the rates were high
at 35°C as compared to 30°C in all the media. The mean routine rate
of oxygen consumption increased, from 78.26 mg/kg/hr to 86.55 mg/kg/hr

(Table 19) in sea water; 100.57 mg/kg/hr to 111.46 mg/kg/hr (Table 20)

et e s e g SN
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in  brackish water; and 72.59 mg/kg/hr 1o 126.36 mg/kg/hr (Table 21) in
freshwater, when the temperature was raised. The interaction between
the experiment and environment was significantly different at 0% level

with oxygen consumption.

9. All the experimental media were decarbonated before use in order to
get an accurate estimate of total carbon dioxide. Carbon dioxide production
during hypoxia compares well with the same condition in Tilapia mossambica
(Peer Mohamed, 1974) at 30 and 35°C in sea water., Carbon dioxide produc-
tion and ammonia excretion showed similar trends at both the temperatures
In sea water during hypoxia. This increasing trend of ammonia exeretion
at 30 and 35°C is in agreement with the report given in the case of

Rhinomugil corsula (Kutty and Peer Mohamed, 1975). The relative increase

In ammonia production during anaerobijosis helps to prevent acidosis (Prosser
and Brown, 1961). The changes in the rates of oxygen consumption, carbon
dioxide output ang ammonia excretion at different temperatures ang salinj-

ties are reflected in R.Qs and A.Qs.

6. The R.Q. values were significantly above unity in normoxia and hypoxia
clearly suggesting that considerable amount of anaerobic metabolism has
taken place, resulting in the release of €xcess carbon dioxide as in Rhinomugil
corsula reported by Kutty and Peer Mohamed (1975); in gold fish by Kutty

(1968a); in Tilapia mossambicg by Kutty (1972), Sukumaran and Kutty (1987);

in crucian carp by Privolnev (1954) and fry and fingerlings of Mugil cephalus

and Chanos chanos as reported by Usha Devij (1987).  The size of the R.Qs

over unity is indicative of the intensity of anaerobic metabolism.



99

7. The rise in A.Q. in all the éxperiments, in aj the media, at 3¢ and
35°C clearly il'ldicate the extra release of ammonia anacrobically, A.Q.
values increased along with R.Q. under Iow oxygen Suggesting a coupling
of increased ammonia execretion with increased carbon dioxide output. The
A.Q. values obtained were higher during hypoxia than during normoxie condi-

tion, in all the cases at both the temperatures.

8.  The random activity of the fish increased when the temperatyre was
raised from 30 to 35°C in all the media during routine metabolism. The
Mmean rates which were 35.98 c/hry, 24.19 o/hr and 23.17 c¢/hr in sea water,
brackish water and freshwater respectively at 30°C, rose to 39.93 e/hr,
24.27 e/br and 53.00 c/hr at 35°C (Table 1).  When the oxygen was gradually
reduced in the respirometer during hypoxia in Seéa water and brackish water,

the activity of the fish first increased ang then decreased apparently to

9. During hypoxia, the asphyxial oxygen concentration (concentration at
which the fish begins loosing its equilibrium) observed in seg water (30%)

was 1.17 ml/l at 30°C and 1.45 ml/l at 35°C, but when the salinity was
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decreased to 15% (brackish water) the asphyxial oxygen concentration was
found to be 1.53 ml/l at 30°C and 1.60 ml/l at 35°C, while when the salinity
was again decreased to 0% (freshwater) the asphyxia was noted at 1.54
ml/l oxygen concentration at 30°C and 1.60 ml/1 at 35°C. Hence the decreas-
ing tolerance of hypoxia in the three media can be arranged in the following
order : sea water — brackish water = freshwater at 30°C. The fish also

showed relatively more tolerance in sea water at 35°C.

10. In recovery metabolism, in all the three media, after asphyxiation,
the fish recovered subsequently in air saturated water, thus indicating that
the anaerobic ability to survive hypoxia exists in this species. During the
recovery phase, sea bass showed a post hypoxic repayment of oxygén debt.
It is noted that fish repays almost entirely all the oxygen debt accumulated.

The trends at 30 and 35°C are similar in the hypoxic phase and subsequently

the recovery phase.

11. Collected data was statistically analysed by different methods. Regre-
ssion lines fitted for plots of metabolic rates and quotients against random
activity at 30 and 35°C at ambient oxygen concentration near air saturation
are presented. Analysis of variance showed that mean ambient oxygen
was found to be significantly different with oxygen consumption; ecarbon
dioxide production also had significant difference with the environment;
and results of ammonia excreted by the fish were significantly different
both with the environment and the interaction of the same with the
experiment. R.Q., A.Q. and their respective interactions did not show any
significant difference. All the parameters and their interactions had signi-

ficant difference with activity. But temperature showed no significant
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difference individually with activity. All

metabolic rates and quotients at 30 and 35°C did not show significant differ-

ence.

12. The observations were made at 30 and 35°C; the higher temperatures

were chosen because of the scarcity of information on fish energetics at

these temperatures and also because of their relevance to tropical conditions.
Temperature did not show any significant influence in all the three media.
It is also statistically proved that the temperature range (30°C-35°C) does
not cause a marked metabolic difference in the species, either in the same

medium or in different media.

13. The amount of energy utilized, both aerobically and anaerobically

from different Substrates by sea bass in S€a wdler, brackish water and fresh-

water at 30 and 35°C were estimated based on the assumptions by Kutty

and Peer Mohamed (1975). 1In aerobic condition, the non protein R.Q. was

below 0.7 which is quite below the conventional R.Q. values for fat. Hence

the fish has used only protein and fat, and glucose is not involved in oxida-
tive energy release. |In anaerobie metabolism, the non protein R.Q. values

were above 1 which showed that anaerobic energy has been derived and

that it is mainly from protein and carbohydrate, Energy utilization by
sea bass under hypoxia Suggest that the fish derives considerable amounts
of energy anaerobically, much more efficiently by pathways other than the
glycolytic path, such as those involved in the simultaneous breakdown of

carbohydrates and amino acids (Hochachka and Somero, 1973) resulting in

inereased earbon dioxide and ammonia excretion, as in the case of

Rhinomugil
corsula reported by Kutty and Peer Mohamed (1975).

the regression coefficients of

L g




102

14.  The present investigation indicates the possibility of culturing the marine

species, Lates calcarifer in freshwater and brackish water without adopting

any transitional acclimatization which is necessary in the case of many
other species. The energy utilization studies have shown that eventhough
it derives considerable amount of energy anaerobically in all the three media,
the energy expenditure and the activity of the species are minimal in sea
water and brackish water compared to freshwater, Hence the growth rate
would be more in these two media. However, due to the remarkable versa-
tility  and adaptability of this species to changing salinities, its voracious
feeding habits, its phenomena] growth rate and the commercial value in
Indian and overseas markets, the culture prospects of this species on a
commercial scale in any of the three media hamely sea water, brackish

water and freshwater should prove very successful.
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