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ABSTRACT 

Labeo fimbriatus (Bloch) was tested at non-lethal temperatures to measure 
its oxygen uptake both in oxygen dependant and independant zones. The metabolic 
rate was almost uniform in oxygen independant zone, in oxygen dependant zone 
reduced drastically and then oxygen level becomes lethal. This species regulated 
the oxygen consumption at lower rate at extreme high and low temperatures than 
at intermediary optimum temperatures. The lethal oxygen level was much higher 
at low temperatures, whereas it was the lowest at optimum temperature. The highest 
lethal oxygen level at low temperature is attributed to the inhibition in oxygen 
uptake. Cold-acclimated fish consumed more oxygen than the warm-acclimated 
fish. The time to death was the highest at low temperature. 

INTRODUCTION 

The effect of temperature as controlling factor, regulating metabolism 
(energy utilization), has been studied extensively on aquatic organisms. Hiese 
studies are highly essential when the growth of the organisms and their produc
tion potentials are considered during their culture process. The reviews by Prosser 
(1955), Bullock (1955), Prosser and Brown (1961), Fry (1971) and Kinne 
(1960, 1970) give a vivid account on 'the different aspects of animal responses 
to temperature changes. 

Various workers have studied on the oxygen consumption in relation to 
different aspects. Of all these, the limiting effect of oxygen partial pressures (PO2) 
upon oxygen consumption is considered as an important aspect (Shepard 1955), 
which has been generally ignored by many workers in the past. Further, in view 
of the present stress being given on the culture of aquatic organisms in sewage 
and waste waters, the present work on the effect of oxygen uptake within the 
zone of respiratory dependance on the young carp will be of signifioance for 
successful culture of this species. 

MATERIALS AND METHODS 

The materia used for the present study was the fringe-lipped carp, Labeo 
fimbriatus (Bloch) young ones, 2.97 ± 0.64 cm and 369 ± 117.9 mg, obtained 
from the induced-spawning centre of Tamil Nadu Fisheries Department, Vaigai 
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Dam. The fish were acclimated to 25 and 30°C ± 1°C 70 i aquaria and fed 
daily once with formulated diet. The temperature in the acclimation and test 
tanks was controlled as explained by Kasim et al (1977). 

Uniform-sized fish were selected for one set of experiment. Conical flasks 
of 110 ml capacity were used as respiration chambers and the experiments were 
conducted in triplicates. Fifteen fish were used for one set of experiment. Fish 
were selected and introduced into the respiration chambers which contained air-
saturated water at the required temperature maintained over night. The flasks 
were closed air tight with provision to tap out water sample for analysis and 
were incubated in 70 1 aquaria in which the required test temperature was main
tained. At regular intervals of time water samples were drawn from the respira
tion chambers one after another and the last chamber was left out till the fish 
died due to anoxia. After water sampling, the flasks were discarded and the fi^sh 
were weighed and measured serially. The difference in the initial and final read
ing of the oxygen content gave the oxygen consumed by the fish. The partial 
pressure of oxygen which was near air-saturation initially gets gradually reduced 
and monitored by the oxygen uptake by fish in due course of time and this in 
turn affects the oxygen consumption of the fish. The time interval for water 
sampling was kept short at high temperatures and was increased towards low 
temperatures. Modified Winkler's method (Strickland and Parsons 1968) was 
used to determine the oxygen content in water samples. Though each experhnent 
was conducted with five different fish, it is assumed as having carried out with 
single fish as the fish were more or less of same weight. 

RESULTS AND DISCUSSION 

The rate of oxygen consumption (mg|g|h) was calculated from the raw 
date. As these data pertain to differeot varying oxygen partial pressures (p02 
mm Hg), they were further standardised by plotting on an arithmetic graph to 
obtain the metabolic rate uniformly at p02 25, 50, 75, 100, 125 and 150 mm Hg 
as shQwn in Fig. 1 for 30°C acclimation. The respiration curves fitted through 
the plots in Fig. 1 are typical and exhibit the respiratory response of this species 
to different pO'2 and temperatures. As seen from Fig. 1 the rate of oxygen con
sumption was almost uniform at all oxygen partial pressures approximately above 
100 mm Hg at respective test temperatures. Subsequently, the metabolic rate 
tends to decline at a particular partial pressure below 100 mm Hg. The fish is 
supposed to enter the oxygen dependant zone at this partial pressure where it is 
subjected to metabolic stress. The oxygen dependant zone can be demarked 
from the oxygen independant zone at this point where the oxygen uptake be
comes entirely dependant on oxygen partial pressure and this place can be 
called as 'critical tension point.' At this critical tension point the almost uniform 
rate of oxygen uptake at higher oxygen partial pressures becomes drastically 
reduced and the function of resipration stops at still lower partial pressures as 
the oxygen level becomes lethal. 
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FIG. I. Rate of oxygen consumption (mg/g/h) as different oxgen partial pressures 
(pO^mm Hg) for L. fimbriatus acclimated to 30°C and tested at different temper
atures as indicated. 

The standardised rate of oxygen consumption thus obtained from the 
above itreatment is characteristic and is directly proportional to temperature amd 
p02. This can be clearly seen from Fig. 2 where these data are plotted on a 
semiogarithmic chart and regression lines have been fitted through the plots. 
The effect of temperature acclimation is very much evidient from these lines. The 
25°C-acclimated fish maintained higher metabolic rate than the 30°C-acclimated 
fish at test temperatures 20 and 25°C, and at 30°C the metabolic rate of both 
the acclimations was almost uniform. At 35°C, the 30°C-acclimated fish main
tained much higher metabolic rate than the 25°C-accluna.ted fish. Further, the 
metabolic rate of the latter was lower when tested at 35°C than at 30°C (Fig. 2). 
This can be attributed to the regulation of the oxygen uptake at a lower rate by 
this species at 35°C as this temperature is sublethal for this species when accli
mated to 25°C (Kasim 1979). It is an advantage among the poikilotherms to 
depress the oxygen uptake at extremes of temperatures which are quite nearer to 
sublethal levels and increase the same at intermediary optimum temperatures as 
a means of compensation (Prosser 1958, Precht 1958, Fry 1971). 

The formulae pertaining to the regression lines shown in Fig. 2 arc given 
in Table 1. The slope of these regression lines indicates the declining trend of 
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FIG. 2. The rate of oxygen consumption (mg/g/h) atox>gen partial pressures 25, 50, 75, 
100, 125, and 150 mm Hg for L. fimbriatus acclimated to 25 and 30°C and tested 
at different temperatures. Plotted on semilogarithmic graph. 

the metabolic rate as the oxygen partial pressures decrease. In general, the pro
portionate reduction in oxygen uptake at various partial pressures appears to be 
almost uniform at all temperatures. This observation is in consonance with the 
report of Job (1955) in speckled trout and by Wycliff (1972) in freshwater 
prawn. The regression lines pertaining to 17 and 20°C of 30°C acclimation are 
treminated at pOa 75 and 50 mm Hg, respectively, and also the line of 
20°C of 25°^acdimation is cut off at pO^, 50 mm Hg, as they are supposed to 
enter the lethal oxygen level (Fig. 2). Further, fee lethal oxygen partial pressure 
at which the fish succumbs due to its inabWity to absofb any more oxygen in
crease as the temperature decreases. This is due to the inhibitition in oxygen 
uptake among poikilotherms at lower extreme temperatures. 

TABLE 1. Formulae for the regression lines fitted in Fig. 2 for Labeo fimbriatus 
{Block) acclimated to 25 and 30°C and tested at different temperatures. 

35 
30 
25 
20 
17 

Y = 1.0242 + 0.0014 X 
Y = 1.1740 + 0.0035 X 
Y = 0.7580 + 0.0025 X 
Y= 0.2276 + 0.0012 X 

Y = 1.7459 + 0.0052 X 
Y = 1.0710 + 0.0034 X 
Y = 0.5801 + 0.0026 X 
Y = 0.1940 + 0.0004 X 
Y = 0.0610 + 0.0011 X 
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The lethal oxygen level for 25°C-acclimated L. fimbriutus was 0.49, 0.37, 
0.92 and 0.62 mg|l at 20, 25, 30 and 35°C, respectively, and for 30°C-acclimated 
fish was 1.02, 0.44, 0.53, 0.67 and 0.53 mg|l at 17, 20, 25, 30 and 35°C, res
pectively. The lethal oxygen levels are higher at low temperatures than ait h ^ 
temperatures. This corroborates the above observation, that this species could 
not utilize the available oxygen at low temperatures due to iohibition in oxygen 
uptake. This iidiibition in oxygen uptake appears to be very low at higher ex
treme temperatures and there seems to be no sudi inhibition exists at inter
mediary temperatures as tibie oxygen has been used up as low as 0.37 mg|l at 
25 °C by fish acclimated to the same test temperature. Tliis phenomenon is simiar 
to that reported by Ananthakrishnan and Kutty (1974) in murrel and by Kutty 
and Peer Mohamed (1975) in freshwater mullet'. 

The time to death is initerdependant on lethal oxygen level and average 
rate of oxygen consumption. Among 25°C-acclimated fish, the time to death was 
564, 321, 315 and 186 minutes at 20, 25, 30 and 35°C, respectively, and among 
30°C-acolimated fish it was 1080, 562, 230, 146 and 161 mnutes at 17, 20, 25, 
30 and 35°C, respectively. The relationsihip between tiie time to death and lethal 
oxygen level is depicted in Fig. 3, where the time to death decreases for every 
increase in temperature. As seen from this figure, the lethal oxygen level and 
the tune to death are higher at low tempwature. Subsequently, both decreases 
at intermediary temperature, i.e., 25°C and then the lethal oxygen level shoots 
up again at high temperatures due to the inhibition in oxygen uptake as men
tioned earlier. On the other hand, the time to death continues to decline as the 
temperature advances land this decline is due to die higher rate of oxygen con
sumption at these temperatures. 

C I O 

E 

" 0 5 H 
It 

5 03 

02-

• o Lethal O2 
• o Time to deat^i 

• 25»C 
o30»C 

Q L ^ T -
16 —r-

20 

- T -
24 

I 
28 —r-

32 

- I — 
36 40 

-1000 £ 

c 

1-500 t 
•o 

•200 § 

Temperature - 'C 

FIG. 3. Lethal oxygen level (mg/Dand time to death (minutes) at different temperatures 
for L. fimbriatus acclimated to 25 and 30°C. 
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,' The average rate of oxygen consumption for 25°C-acolimated fish was 
0,4, 0.89, 1.34 and 1.11 mg|g|h at 20, 25, 30, and 35°C, respectively, and for 
30°C-acclimated fish it was 0.22, 0.25, 0.79, 1.26 and 1.84 mg|g|h at 17, 20, 
25j 30 and 35°C, respectively. The average rate of oxygen uptake, time to death 
and temperature are correlated in Fig. 4. As the temperature increases the oxygen 
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FIG. 4. Average rate of oxygen consumption (mg/g/h) and time to death (minutes) at 
different test temperatures for L. fimbriatus acclimated to 25 and SO'C. 

uptake also increases and consequently the time to death dcreases. In many 
instances >the cold-acclimated animals consume more oxygen or exhibit greater 
activity than the warm-acclimated animals at all temperatures (Gibbson and Fry 
1954, Job 1955, 1959 and 1969, Ananthakrishnan and Kutty, 1974, Davis 1968 
and Kutty 1972). This is true in the present study also. As seen from Fig. 4, 
the rate of oxygen consumption of 25°C-acclimated fish are comparatively higher 
than the 30°C-:̂ cclimated group in all test temperatures except at 35°C which, 
as pointed out earlier, is sublethal level for this species (Kasim 1979). Naturally, 
as the rate of oiygen uptake is high among the 25°C-acclimated fish the time to 
death also appears to be higher than the 30°C-acclimated fish. This is mainly 
because the oxygen consumed was more than the 30°C-acclimated group. 

The data on the rate of oxygen consumption were subjected to further 
analysis of variance (Snedecor and Cochran 1967) and the results are sum
marised in Table 2. These results are conclusive and clearly indicate that the 
above described responses of this species with repect to respiratory metabolism 
are hi^ly significant at both the comparisions 'between temperatures' and 'bet
ween partial pressures.' The adaptive response of this species to temperature 
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TABLE 2. Results from analysis of variance of rate of oxygen consumption (mg| 
mg|h) at different temperatures for Labeo fimbriatus (Block) acdi-
mated to 25 and 30°C and tested at different temperatures. , , 

Acclim. 
temp. 

V 

Comparislons Sum of Degree 
square of Variance 

Freedom 

Value Value 
Value for for 
ofF F=' F = 
ratio 

0.O5 0.01 

Between temperatures 

(25, 30 and 35°C) 0.7867 
Between partial pressures 

25°C (25, 50, 75, 100, 125 0.2601 
and 150 mm Hg) 

Temperature X partial 
pressures (error) 0.0462 

TotM 1.0930 

10 

17 

0.3934 85.14** 4.10 7.56 

0.0520 11.26** 3.33 5.64 

0.0046 

Between temperatures 
(25, 30 and 35°C) 6.1069 

Between partial pressures 
30°C (25, 50, 75, 100, 125 and 

150 mm Hg) 0.5586 

Temperature X pantial 
pressures (error) 0.0475 

Total 6.7130 
10 

17 

3.0535 642.84** 4.10 7.56 

0;1117 11.26** 3.33 5.64 

0.0048 

** Highly Significant 

acclimation is obvious from its metabolic rate. Furflier, the change in response 
to the changes in ambient test temperatures is also clear as this species exhibits 
compensation by increasing the metabolic rate at optimum temperatures and 
reducing the same at extremes. The routine metabolic rate of this species is raudh 
higher than Poecilia reticulata (Shanthini 1976) and lower than the freshwater 
mullet, Rkinomugil corsula (Kutty and Peer Mohamed 1975). The above firld-
ings will be of immense use for the successful culture of this species under capti
vity in view of the present importance being given for sewage and waste water 
culture. 
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