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Abstract  
Oxygen uptake (VO2) through the gills in relation to body weight has been studied in 
Notopterus notopterus at 24.0±1.0ºC under continuous water flow system. With gradual 
increase in body weight from 5.10 to 122.33 g, the oxygen uptake increased from 1.164-
3.975 mlO2.h

–1. The log-log plot between the oxygen uptake per unit time and body 
weight gave a straight line with the slope ‘b’ value of 0.421. The relationship between 
the two variables was found to be highly significant (r= 0.986; p<0.001). However, the 
weight specific oxygen uptake decreased from 228.36 to 32.49 with increase in body 
weight from 5.10 to 122.33 g. A straight line with slope ‘b’ value of   -0.629 was 
obtained when plotted on log-log coordinates, showing a highly significant negative 
correlation (r= 0.985; p<0.001). 
  
Key words: Aquatic oxygen uptake, Body weight, Notopterus notopterus, air-breathing 
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Introduction  
The rate of metabolism in fishes is 
determined by measuring the oxygen 
uptake, which directly depends on various 
extrinsic and intrinsic factors viz., body 
weight, developmental stages and activity of 
the fish etc. (Fry, 1957; Prosser, 1961; 
Dejours, 1975). Activity of a fish is one of 
the most important factors according to Fry 
(1971) and can be measured as routine 
metabolic rate (RMR), Standard metabolic 
rate (SMR) and active metabolic rate 
(AMR). Zeuthen (1953) suggested a slope 
value of 0.78 for various fish species in 
relation to body weight / size. Moss and 
Scott (1961) and Beamish (1964) 
determined the specific metabolic rate in 
relation to body weight in various species of  

 
fishes. Oxygen uptake in relation to body 
weight have been studied in some purely 
aquatic breathing Indian fishes by Roy and 
Munshi (1984), Kunwar et al. (1989), Ojha 
and Singh (1981), Singh et al. (1991) and 
Jha et al. (2008). Attempts have also been 
made to determine the relationship between 
body weight and aquatic oxygen uptake in 
some Indian air-breathing fishes viz., 
Anabas testudineus (Munshi and Dube, 
1973), Clarias batrachus (Munshi et al., 
1976), Colisa fasciatus (Ojha et al., 1977), 
Channa punctatus (Hakim et al., 1983), 
Anabas testudineus and Channa punctatus 
(Pandit, 2001) etc. Observation on bimodal 
oxygen uptake in Notopterus chitala have 
been made by Ghosh et al. (1986). 
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However, so far no attempt has been made 
to study the relationship between the rate of 
aquatic oxygen uptake and body weight in 
Notopterus notopterus. The present work is 
an attempt to establish the relationship 
between oxygen uptake and the body weight 
in the Indian Freshwater dual breathing 
featherback, Notopterus notopterus. 
  Notopterus notopterus, locally 
known as Kapti, occurs in fresh and 
brackish waters of India and Malaya. It is 
usually found in clean streams, tanks, large 
lakes and reservoirs and thrives well in 
lentic waters. It is used as food fish. This 
fish is relished both fresh and dried state 
(CSIR, 1962). As the fish is carnivorous, it 
can only be cultivated with large fishes. 
 
Materials and methods  
Live specimens of different weight groups 
of Notopterus notopterus were collected 
from the local fish market and through 
fishermen. They were brought to the 
Departmental Aquarium House and were 
maintained in large plastic pools having 
chlorine free tap water (water temperature 
23.0-25.0°C; pH 7.2-7.4) for about two 
weeks with aerator on during this period. 

To measure the rate of oxygen uptake, 
a cylindrical glass respirometer similar to 
that used by Ghosh and Munshi (1987) was 
used, in which continuous flow of water 
was maintained. As per the size of the fish, 
the cylindrical glass respirometer of 
different capacity was used to avoid stress 
to the fish during experimentation. The 
respirometer was connected to a large 
constant level water tank having chlorine 
free tap water to maintain the water flow 
under constant hydrostatic pressure (Fig. 1). 
The fishes were acclimatized in the 
respirometer for about two hours before 
experimentation. The respirometer was 

covered over with a black cloth to avoid 
visual disturbances. The flow of water 
through the respirometer was adjusted 
according to the size of the fish so that the 
fish remains free from any stress.  

Inspired and expired water samples 
were collected in conical flasks connected at 
both the ends of the respirometer. The 
concentration of the dissolved oxygen 
content in the sample water was determined 
using Winkler’s volumetric method (Welch, 
1948). Oxygen uptake per unit time 
(mlO2.h

–1) and per unit body weight (mlO2. 
kg–1.h–1) was calculated by the differences 
in the dissolved oxygen levels between 
inspired and expired water, rate of flow of 
water through the respirometer and the body 
weight of the fish. An average value, out of 
the three readings taken at every half an 
hour interval was calculated.  
 
Results   
Aquatic oxygen uptake per unit time 
(mlO2.h–1)  
In Notopterus notopterus, the oxygen 
uptake gradually increased from 1.164 to 
3.975 mlO2.h

–1 with increase in body weight 
from 5.10 to 122.33 g (Tab. 1). The log-log 
plot of the oxygen uptake in relation to body 
weight gave a straight line with the slope ‘b’ 
value of 0.421, when the different scores 
were fitted by the least square method (Tab. 
2, Fig. 2). The two variables indicated 
highly significant correlation (r=0.986; 
p<0.001). The estimated value of oxygen 
uptake for 1.0 g Notopterus notopterus i.e., 
the intercept value was found to be 0.508 
(Tab. 2, Fig. 2). The estimated values of 
oxygen uptake per unit time for 1.0, 10.0, 
100.0 and 1000.00 fishes were calculated to 
be 0.508, 1.339, 3.533 and 9.320 
respectively (Tab. 3). 
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Figure 1. Experimental setup for the measurement of aquatic oxygen uptake in Notopterus notopterus. 
 
Table 1. The rate of aquatic oxygen uptake (VO2) of Notopterus notopterus against body weight at 24.0±1ºC. 

Body Weight (g) 
Oxygen Consumption (VO2) 

mlO2.h
–1.fish–1 mlO2.kg–1.h–1 

5.10±0.100 1.164±0.388 228.366±55.909 

10.20±0.283 1.236±0.397 188.833±59.024 
15.70±0.300 1.495±0.274 95.200±0.054 
21.50±0.000 1.749±0.000 81.340±0.000 
25.10±0.360 1.851±0.095 74.367±4.692 
33.60±0.360 2.418±0.040 71.970±1.026 
49.00±0.000 2.685±0.000 54.790±0.000 
90.00±0.000 3.405±0.069 37.800±0.068 
117.50±0.000 3.781±0.180 32.100±2.616 
122.33±0.289 3.975±0.298 32.490±1.656 
Average : 49.003±0.282 2.376±0.218 89.726±15.631 

 
 
Table 2. The Allometric equation, Intercept ‘a’, Regression coefficient ‘b’ and Correlation coefficient ‘r’ to 
show the relationship between oxygen uptake VO2 (mlO2.h

–1.fish–1 and mlO2.kg–1.h–1) and body weight in 
Notopterus notopterus. Their 95% C.L. are also given.  

Oxygen Uptake 
(VO2) 

Allometric equation  
y = awb 

Intercept ‘a’  Slope ‘b’ Correlation  
coefficient 
‘r’ Value 

95% 
C.L. 

Value 
95% 
C.L. 
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VO2 (mlO2.h
–1.fish–1) 

Log VO2 = log 0.508+0.421. log W 
Or, VO2=0.508. W0.421 

0.508 
0.413 
0.624 

0.421 
0.364 
0.478 

0.986  
(p<0.001) 

VO2 (mlO2.kg–1.h–1) 
Log VO2 = log 630.897 – 0.629. 
log W 
Or, VO2=630.897. W–0.629 

630.897
457.575 
869.871 

-0.629 
-0.718 
-0.539 

0.985 
(p<0.001) 

 
 
 
Table 3. Statistically estimated data of aquatic oxygen uptake VO2 (mlO2.h

–1.fish–1 and mlO2.kg–1.h–1) for 1.0, 
10.0, 100.0 and 1000.0 g of Notopterus notopterus based on regression analysis using least square method. Their 
95% confidence limit are also given.  

Body Weight 
(g) 

Oxygen Uptake (VO2) 
Value (mlO2.h

–1.fish–1) 95% C.L. Value (mlO2.h
–1.fish–1) 95% C.L. 

1 0.508 0.413/0.624 630.897 457.575/869.871 
10 1.339 0.955/1.879 148.346 87.569/251.307 
100 3.533 2.207/5.656 34.881 16.759/72.603 
1000 9.320 5.102/17.026 8.202 3.207/20.975 

 

 
Figure 2. Log/log plots showing relationship between body weight and oxygen uptake per unit time (mlO2.h

-

1.fish-1) and body weight and weight specific oxygen uptake (mlO2.kg-1.h-1) at 24.0±1.0°C in Notopterus 
notopterus. 
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Aquatic Oxygen Uptake per Unit Body 
Weight (mlO2. kg–1.h–1) 
The weight specific oxygen uptake in 
Notopterus notopterus decreased from 
228.366 to 32.490 with increase in body 
weight from 5.10 to 122.33 g (Tab. 1). A 
straight line with slope ‘b’ value of –0.629 
and intercept ‘a’ value of 630.897 was 
obtained when the data for weight specific 
oxygen uptake rate were plotted against 
body weight on log-log co-ordinates (Tab. 
2, Fig. 2). There exists a highly significant 
but negative correlation between the two 
variables (r=0.985; p<0.001). The estimated 
values of weight specific oxygen uptake for 
1.0, 10.0, 100.0 and 1000.0 g  fishes were 
found to be 630.897, 148.346, 34.881 and 
8.202 respectively (Tab. 3). 
 
Discussion  
Measurement of oxygen uptake in an 
organism depends upon various abiotic and 
biotic factors (Imabayashi and Takahashi, 
1987). Among these, body weight plays a 
significant role and it has been observed that 
in most of the fishes, the rate of oxygen 
consumption in per unit time (mlO2.h

–1) 
increased with gradual increase in body 
weight. However, the weight specific 
oxygen consumption (mlO2.kg–1.h–1) has 
shown decreasing trend, with increase in 
body weight. 

Several workers have determined 
slope ‘b’ values to establish the relationship 
between oxygen uptake and the body 
weight. Smith (1935 a, b), Job (1955), 
Winberg (1956) and Paloheimo and Dickie 
(1965) have observed and stated differences 
in the slope ‘b’ values in different fish 
species varying between 0.78 to 0.85. 
Prosser (1961) determined the slope values 
and shown to range from 0.67 to 1.0. 
Barlow (1961), Ruhland (1965) and Morris 

(1967) reported a rather low slope ‘b’ value 
in the range of 0.5. 

In the present study, the relationship 
between the oxygen uptake per unit time 
and per unit body weight in Notopterus 
notopterus gave a straight line when plotted 
on log-log graph. The slope ‘b’ was 
calculated to be 0.421 within the body 
weight range of 5.10 to 122.33 g. This value 
is lower than most of the purely water 
breathing fishes viz., 0.662 in Mystus 
cavasius (Ojha and Singh, 1981), 0.728 in 
Labeo bata (Sinha, 1983), 0.796 in 
Cirrhinus mrigala, (Roy and Munshi, 
1984), 0.851 in Labeo rohita and 0.747 in 
Catla catla (Kunwar et al., 1989). However, 
the slope ‘b’ value 0.421 for Notopterus 
notopterus was slightly lower but closer to 
the values for juveniles of Catla catla 
(0.561) and Labeo rohita (0.538) (Jha et al., 
2008). 

Similarly, the estimated slope value 
(b) showing the relationship between the 
oxygen uptake and body weight of 
Notopterus notopterus is also lower than the 
values reported for many air-breathing 
fishes. In Heteropneustes fossilis the oxygen 
consumption through gills increased by a 
power function of 0.799 (Munshi et al., 
1978). Hakim et al. (1983) in Channa 
punctatus estimated a slope value of 0.629. 
Although, the present value is less than 
almost all the reported species of adult air-
breathing fishes, yet, it is closer to the value 
for juveniles of Heteropneustes fossilis 
(0.475) (Munshi et al., 1978). The 
difference in slope value of different fish 
species seems to be due to different growth 
pattern, stages of their life cycle, 
physiological condition of fish and changes 
in feeding behaviour etc. (Smith, 1935 a, b; 
Kamler, 1972). 
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Generally, the weight specific oxygen 
consumption decreases with unit increase in 
body weight when the computed slope ‘b’ 
value is less than 1. The slope ‘b’ for weight 
specific oxygen uptake in Notopterus 
notopterus was –0.629. Such a decreasing 
trend was also reported by various other 
workers viz., Munshi and Dube (1973) in 
Anabas testudineus, Munshi et al. (1978) in 
Heteropneustes fossilis, Hakim et al. (1983) 
in Channa punctatus, Kunwar et al. (1989) 
in Labeo rohita  and Catla catla, Pandit 
(2001) in Anabas testudineus and Channa 
punctatus etc. According to Prigogine and 
Wiame (1946) the weight specific oxygen 
consumption can only decrease with gradual 
increase in body weight. This is probably 
due to opportunities for lower costs, 
changes in skeletal structures, economy of 
food utilization etc. (Jones, 1972; Schmidt-
Neilson, 1984). 

The estimated value of aquatic 
oxygen uptake per unit time for 1.0 g fish or 
the intercept ‘a’ value of Notopterus 
notopterus was found to be 0.508 which is 
higher than the values reported for many 
purely water breathing fishes viz., 0.321 in 
Labeo rohita (Kunwar et al., 1989), 0.447 in 
Labeo bata (Sinha, 1983), 0.321 in 
Glossogobius giuris (Singh and Munshi, 
1985) 0.263 in  Catla catla, (Kunwar et al., 
1989) etc., but lower than 0.532 in Mystus 
cavasius (Ojha and Singh, 1981). 

The value is also higher than that of 
many air-breathing fishes viz., 0.215 in 
Heteropneustes fossilis (Munshi et al., 
1978) and 0.394 in Channa gachua (Ojha et 
al., 1978). However, this value is slightly 
lower but closer to 0.526 in Anabas 
testudineus (Munshi and Dube, 1973). This 
indicates that the rate of oxygen uptake of 
Notopterus notopterus occupies an 
intermediate position in comparision to 

purely aquatic breathing fishes and other 
air-breathing fishes.  
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