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Abstract. Oxygen consumption, carbon dioxide output, nitrogen excretion, respiratory
quotient, ammonia quotient and nitrogen quotient in cichlid fish, Oreochromis mossambicus
(Peters) acclimated to and tested in freshwater at 30°C, were obtained with special reference to
swimming speed (20-77 em/sec). Tilapia continuously swimming for 5 hr derived energy both
from aerobic and anaerobic sources during the initial phase of exercise, whereas during the
later phase the energy utilization is completely from aerobic source, as it is evident from
respiratory quotient values. It also utilized more proteins for energy during the later phase of
exercise, as evident from the increased ammonia-N as well as total N excretion and the
respective quotients. The increased protein utilization may be of advantage in maintaining
acid-base balance and also in conserving (Na +) in fish.
Keywords.

Oxygen consumption; nitrogen excretion;

RQ, AQ

and

NQ.

1.. Introduction
Considerable information has been accumulated on metabolism of fish subjected to
exercise (Spoor 1946; Wohlschlag 1957; Beamish 1970; Smit 1965; Smit et al 1971;
Webb 1971). Although anaerobic metabolism in fish forced to swim has not been
investigated in the previous studies, Kutty (1968) and Sukumaran and Kutty (1977)
studied the changes of respiratory quotient (RQ) in relation to swimming speed and
duration of exercise in gold fish and freshwater mullet, respectively. Sukumaran and
Kutty (1979) studied the RQ and nitrogen excretion in Rhinomugil corsula exercised for
hours together and observed that while anaerobic energy utilization was high during
the initial phase of exercise, protein utilization increased with the increase in the
duration of exercise. The objective of present study is to find out the extent of anaerobic
metabolism in the Cichlid fish, Oreochromis mossambicus subjected to continuous
exercise for 5 hr at various swimming speeds and to find out the quantum of protein
utilization during long-term swimming as judged from ammonia quotient (AQ) and
nitrogen quotient (NQ).

2.

Materials and methods

Tilapia (ranging from 16,7-19·3 em in length and 33,9-53,1 g in weight) were collected
from the freshwater tanks in and around Madurai and held in holding tanks in the
laboratory. They were acclimated to freshwater at 30 ± 1DC atleast two weeks before
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the experiment and tested under acclimation conditions. During acclimation they were
fed ad lib with a formulated food: fish muscle, goat liver and wheat hearts in 2: 1: 1 ratio
(Sukumaran and Kutty 1977). The fish were starved for 24 hr (Beamish 1964) before
experiment.
The apparatus used for the present study is an adaptation ofBlazka's respirometer of
7·5 litres capacity (Blazka et a11960; Smit 1965; Sukumaran and Kutty 1977). This is
made up of two concentric cylindrical tubes of transparent acrylic plastic. One end of
outer tube is fixed to a propeller attached to an electric motor (0'25 HP). By regulating
the speed of the motor with a step-down transformer, water inside the swimming
chamber is recirculated at different current speeds. The apparatus was partially covered
by a black plastic curtain to safeguard the fish from external disturbances.
Four different swimming speeds were chosen for the present study namely 20, 38, 61
and 77 em/sec. The fish was introduced into the swimming chamber 12 hr prior to
experiment in order to avoid handling effect on metabolism (Brett 1964). The rest fish
was allowed to swim at one particular swimming speed continuously for 5 hr and
samples were taken for analysis at the beginning and end of 1st hr, 3rd hr and 5th hr
with 1 hr closure of the apparatus in each case. During the remaining hours of exercise
the apparatus was flushed with well aerated water under acclimation conditions. This
study was restricted to only at 30°C.
The unmodified winkler method was followed (American Public Health Association
1965)for analysing dissolved oxygen in water. Total carbon dioxide was measured by
Maros-Schulek technique modified for fish metabolic studies by Kutty et al (1971).
Ammonia was measured spectrophotometrically using the phenol-hypochlorite
method with ammonium chloride standards (Solorzano 1969).
Total N in water was measured by micro Kjeldahl method. 25 ml of the sample was
digested with digestion mixture and 5 ml of concentrated sulphuric acid and
subsequently determined the total N using micro Kjeldahl apparatus.

3. Results
The metabolic rates, oxygen consumption, carbon dioxide output, the corresponding
RQ, Ammonia excretion, the corresponding AQ, total N excretion and the corresponding NQ were measured in Tilapia (0. mossambicus) forced to swim continuously for 5 hr
at each swimming speed (20, 38, 61 and 77 ern/sec) at 30°C. The data on oxygen
consumption, carbon dioxide output and the corresponding RQ are plotted against
swimming speed of tilapia in figure 1. The plots of NH 3-N excretion and total N
excretion in semilogarithmic grid against swimming speed are presented in figure 2. The
data on AQ, NQ and the percentage of non-protein N in total nitrogen excreted against
swimming exercise are plotted in figure 3.
The individual determination obtained for 1st, 3rd and 5th hr exercise are
presented by separate symbols in each case. Regression lines have been fitted for
the semi-logarithmic plots separately for each hour of exercise and respective
regression equations including standard errors for 'a' (y intercept) and 'b' (slopes) are
given in table 1.
From the plots of figure 1, it is evident that the rates of oxygen consumption and
carbon dioxide output increase with increase in swimming speed and decrease with
duration ofexercise. The plots of RQ indicate positive slope with increase in the intensity
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Figure 1. Oxygen consumption, carbon dioxide output and RQ in O. mossambicus acclimated'
and tested at 30 e in freshwater plotted against swimming speed. The lines are fitted as per the
regression equations given in table I.
0

NH 3- N excretion (mglkg/hr)

5

10

50

100

ZOO
SWimming

o 151 hr
" 3 rd hr
• 5th hr

ZO

~

<,

E

u
"0

w
w

40

a.

'"
0'
c

E
§ 60
~

(f)

80

10

50

100

ZOO

Total N excretion (mg /kg/hrl

Figure 2.
test at 30

0

Arnmonia-N excretion and Total N excretion in O. mossambicus acclimated and
plotted against swimming speed. For other details. see figure I.

e in freshwater

218

N Sukumaran
~
"0

,J!!
c ~
.~ u

ea.z..x

-

50

~

5th hr

o 1 sl hr
A 3 rd hr
-5lhhr

~

1-

c.E

00

Z~

o
1 0 r---L-----...1.--------'------"'-"----i
1.0

z

_

c

0·5 ~
o

~

tr

..
c

0'

r----'''-------...1.-------'--------'----i 0·1

~

z

0·5

c

.~

"0
~

~ 0·1

o

'c
o

~ 0·05
<
20

40

60

80

Swimming speed (em/sec)

Figure 3. AQ, NQ and percentage of nori-protein-N in total N excreted by O. mossambica
acclimated and tested at 30"'C in freshwater plotted against swimming speed.

of exercise during 1st hr of swimming, followed by a negligible slope with increase in
exercise during the 5th hour of swimming. It is evident from figure 2 that the rates of
ammonia excretion and total N excretion increase with the increase ofswimming speed
indicating the higher utilization of protein during strenuous exercise. The plots of AQ
and NQ (figure 3) show the same trend of increase with increase in the intensity and
duration of exercise. The percentage of non-protein nitrogen in total N excreted,
decreases with the increase of exercise (figure 3).

4.

Discussions

As observed earlier in other species (Kutty 1968; Sukumaran 1976; Sukumaran and
Kutty 1977) in O. mossambicus also, the oxygen consumption and carbon dioxide
output increase with increase of swimming speed and decrease with the duration of
exercise (figure 1). The slope rb' values) of regressions on oxygen consumption and
carbon dioxide output with swimming speed for Tilapia are greater than those observed for R. corsula (Sukumaran 1976), indicating that increase of metabolism with
swimming effort is much higher in O. mossambicus. Such steep curve of oxygen
consumption has been observed in sockeye salmon (Brett 1964), gold fish (Srnit 1965;
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total N excretion, RQ, AQ, NQ (Yin each case) in O. mossambicus against swimming speed (em/sec). Data obtained for l st,
3rd and 5th hr of 5 hr continuous exercise at 30°C.
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Kutty 1968) and rainbow trout (Kutty 1968). The initial (lst hr) RQS of O. mossambicus
are always higher than unity, whereas the steady (long term) RQS are below unity (figure I)
suggesting that anaerobic energy utilization is high during the initial phase of
swimming exercise, but not during later phase as again observed in R. corsula
(Sukumaran 1976). The initial increased anaerobic metabolism is possibly due to
excitement (Brett 1964; Smit 1965; Kutty 1968; Smit et a11971; Sukumaran and Kutty
1979). However, it should be noted that oxygen uptake during the Ist hr ofswimming is
also higher, so that both aerobic and anaerobic metabolism are initially higher possibly
due to excitement, which apparently decreases with the increase in the duration of
exercise. In sockeye salmon swimming at high speed, (Brett 1964) found that there is
considerable amount of anaerobic energy utilization as judged from oxygen debt.
Kutty (1968) found that during sustained swimming at 20 e in fully air saturated water,
the mean RQ during the l st hr of exercise amounted to 1·66 and during hours 3-12 it
stabilised at about 0·95. The initial RQ of O. mossambicus is around 2·0 in sustained
swimming, while the long-term RQ are below unity and values are close to protein fat
value. Kutty (1968) and Sukumaran (1976) suggested more of protein or fat utilization
in gold fish and R. corsula during long-term swimming at high speeds. Kutty's (1972)
preliminary experiments on O. mossambicus forced to swim for 6 hr at a single speed
confirmed that there is considerable involvement of protein metabolism during longterm swimming. Brett (1973) demonstrated in sockeye salmon, Oncorhynchus nerka
that in the case of starving animal, fat and protein are the major fuel sources to provide
energy for the initial phase of prolonged exercise,although metabolizable carbohydrate
would be present in the liver.
Nitrogen (ammonia and total) excretion increases sharply with increase in duration
of exercise and intensity of swimming speed (figure 2) indicating the involvement of
more protein in energy budget during long-term swimming in O. mossambicus as
observed in other fishes (Sukumaran and Kutty 1977, 1979). The respective quotients
(xo and NQ) also show the same trend indicating the utilization of more protein during
the long-term swimming. In this context, it is worth mentioning that Jobling (1980)
studied the AQ and muscle protein depletion during starvation of plaice, Pleuroneatus
platessa L. and concluded that AQ may prove to be a useful measure ofenergy utilization
in starving fish.
A salient point which comes out from the present study is that there is decrease in
oxygen consumption and increase in AQ and NQ as observed in R. corsula (Kutty and
Mohamed 1975) under hypoxic conditions and in Mystus armatus (Sukumaran and
Kutty 1977) under forced activity. The rise in AQ and NQ indicates the relative increase in
protein utilization. The NQ values of O. mossambicus during initial phase of exercise
is well below the aerobic maximum of 0'148 based on mammalian energetics, but has
been revised for fish system with the assumption that the nitrogenous end product is
ammonia (Kutty 1975; Sukumaran 1976), while the NQ during long-term swimming
shootup above 0·5 in high speed swimming. This rise in NQ clearly indicates the extra
release of nitrogen anaerobically as observed in R. corsula (Sukumaran 1976) and in M.
armatus (Sukumaran and Kutty 1977). Driedzic and Hochachka (1976) reported that
amino acids were utilized as an anaerobic energy source in carp white muscle and also
postulated that adenylate is the potential source of anaerobic ammonia.
NH 3-N forms about 65-70 % of the total nitrogenous waste in O. mossambicus as
observed in other fishes (Wood 1958; Fromm 1963; Forster and Goldstein 1969). In the
present study a better picture is obtained by measuring the total N excretion. The
0
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percentage of NH)-N in total nitrogen vary with the increase in duration of exercise as
well as the intensity of exercise (figure 3). These observations indicate that nonammonia fraction slightly increases with the duration of exercise in the highest
swimming speed tested as observed in R. corsula (Sukumaran 1976). Brett and Zala
(1975) studied the pattern of nitrogen excretion in sockeye salmon and found that the
urea nitrogen stays steady throughout the experiment, while the ammonia-nitrogen
excretion shoots up after the fish was fed. The urea-N in the same species was found to
be 15 % of total N excretion and 70 % was accounted for NH)-N. The remaining 15 %
of nitrogen was accounted for by amino and other nitrogenous waste like amino acids,
nucleotides etc. In the present study if the urea-N as seen in sockeye salmon, is assumed
to be constant, the minor change of non-ammonia fraction with the duration ofexercise
in highest swimming speed may be caused by changes in the excretion of amino acids,
nucleotides etc.
H has been further suggested (Kutty 1972) after the observations of Maetz and
Garcia Romeu (1964) and Garcea Romeu and Motais (1966), that NH) released can be
used to buffer the acid produced during anaerobic metabolism and in freshwater the
NH: ion is subsequently exchanged at the gills for sodium ions (Na +). Thus increased
NH) production in fish during stress conditions may be a mechanism for acid-base
balance and also for conservation of Na ". It is also suspected that at the beginning of
exercise the fish will lose some amount of Na + to outside from blood (Umminger and
Gist 1972). Randall et al (1972) have also shown that active fish lose much more of Na +
than resting fish. So it is likely that the increased excretion of ammonia during later
phase of exercise may be to restore the Na +, lost during the initial phase of exercise.
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