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Abstract 

Reared in tubular aquaria containing different depths of water 
(2.5, 5.0, 15.5, 31.0 and 40.0 cm), the obligatory air-breathing 
fish Ophiocephalus striatus (760 mg; 4.5 cm L) was forced to 
swim vertically a longer or shortcr distance per surfacing. Inter
action of temperature (17, 22, 27, 32 and 37° C) and aquarium 
depth reveals that surfacing frequency of the fish, fed ad libitum 
on Tilapia muscle, increased with increasing aquarium depth, 
but the increase was significant only at 27 and 32°C; in the starving 
series, the frequency was not depth-dependent at any tempera
ture. Owing to the sustained surfacing activity and the consequent 
fatigue, the test individuals 'hung' to the surface for a definite 
period. Hanging frequency was temperature-dependent, but not 
a depth-dependent activity either in the starving or feedingseries. 
At any temperature and aquarium depth , the fecding serics hung 
more frequently than the starving series. Hanging duration in
creased from about I hr/ day in either series at 17° C to 6and 18 
hr / day in the feeding and starving series at 37° C. At any tested 
temperature, distance swum by the feeding and starving series 
was a depth-dependent activity. The feeding series at 32°C ex
hibited the maximum swimming speed of2 Ll sec for 4.8 hr / day 
in the 40 cm depth . With increasing temperature and depth, 
feeding rate increased (from 24 to 225 g eal j g live fish / day); 
between I7 and 27°C, it was more a temperature-dependent 
act ivity . The highest rate (47 g cal l g j day) and efficiency (27%) of 
conversion were observe'd at 32°C; whereas the efficiency was 
depth-dependent, the rate was not. Oxygen uptake was a tem
perature-dependent activity; aquarium depth played a secondary 
role. Briefly, O. s/rialUS in deeper aquaria consumed significantly 
more food and converted lesser, as it surfaced more frequently 
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and swam longer distance, dissipating marc energy on metabo
lism and swimming activity. Hence, culturing 0. striarus in 
shallow waters at the optimum temperature of 32"C will be 
advantageous. 

Introduction 

In tropical countries like India, \vhere availability of 
freshwater is limited , air-breathing fishes may be chosen 
for aquaculture, as they thrive in shallow waters deficient 
in oxygen. However, the advantageous air-breathing 
habit of these fishes and the consequent need to surface 
more or less at regular intervals may impose a consider
able drain of energy, which otherwise could have been 
channelled into fish production . Aspects of optimizing 
energy drain due to surfacing activity have recently re
ceived considerable attention for a number of Indian air
breathing fishes (Arunachalam et al., 1977; Pandian & 
Vivekanandan, 1976; Pandian et al., 1977; Vivekanandan 
et al., 1976, 1977). These authors have recommended cul
turing air-breathing fishes in shallow waters. 

However, the shallow waters in the tropics undergo 
considerable diurnal and seasonal changes in temperature 
(Jhingran, 1975). Publication concerning the temperature 
effects on surfacing activity and food utilization is totally 

. wanting; as such, almost no information is available on 
temperature effects on food utilization of tropical fishes. 
This paper represents one of the series of an extensive 
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of behavioural resting period, during which 0. striatus 
exchanges atmospheric air without undertaking vert ical 
movement, is termed 'hanging'. 

Distance travelled 

Actual distance swum by the fish per unit time of obser
va tion or day (excluding 'hanging' duration) to excha nge 
atmospheric air, i.c. the distance swum, while ascending 
from the bottom of the aq uari um to the water surface, 
and descending to the maximum depth available after 
each surfacing. At times, the fish ascends 3/ 4 of the max
imum distance, but returns to the bottom without ex
changing atmospheric a ir. This type of sporad ic, random 
swimming act ivity is not taken into account in the present 
study. 

a) Swimming activity: Overall vertical distance swum 
(m/ day) by the fi sh for excha nging atmospheric air per 
un it time of observat ion or day. 

b) Swimming speed: Distance swum by the fi sh for sur
facing per unit time (sec), which is expressed in body 
length (L)/ sec, following Bainbridge ( ' 958). 

Observations and calculations 

At anyone time, 6 individuals were observed us ing a 
separa te stop watch a nd digita l cou nter for each test fish. 
Observations on the number of surfacing by each test in
dividual were carried out every day for a known period 
of usually 15 min (o r for a lo nger period, during which a 
min imum of 5 surfaci ngs were observed) , 4 times a day 
at 7 a m, I pm, 7 pm and I I pm. These values were added 
and the number of surfacing / day was calculated. 

A recording device like the one suggested by Saksena 
( 1975) could not be used beca use, during the hanging, the 
dorsal fin of 0. slriatus, which ex tends about 3/ 4 of its 
body length, projects above the water surface. T his leads 
to false record ing, when the fish is not actually surfacing. 

Observations on the hanging frequency and hanging 
duration were made for IS min (or for a minimum of 3 
hanging frequencies), subsequent to observation on sur
facing; these va lues were multiplied for a unit time (day). 

The d istance travelled (m/ day) per individua l per day 
was es timated by mUltiplying the mean numbe r of sur
fac ing/ day with twice the depth of water. Further, it was 
corrected by deducting the hanging duration (hrJday). 

II. De/inilion o/terms related t%od utilization 
The scheme of energy balance followe d in the present 
work is that of the IBP formula (Petrusewicz & Mac

Fadyen, 1970) usua lly represented as C = P + R + F + U, 
where C is the food energy consumed, P the growth, R the 
energy lost as hea t due to metabolism, F the faece s and U 

the nitrogenous excretory products. Quantita tive ·esti
mations of the C were made in te rms of g calorie. The 
quantity of abso rbed food energy (Ae) was estimated by 
su btracting the F from the C, and that of the P by sub
tracting the initial energy content of the individual at the 
com mencement of the experiment from the fina l energy 
content of the individual at the end of the experiment. 
The term conversion has been used to refer to growth, i.e. 
the P of the IBP terminology. 

As the U was not estimated in the present study, the 
va lue for the perch PercaJluviatifis (Solomon & Brafie ld , 
1972) was used for a ll the experiments; the mean excre
tory energy lost per unit weight of consumed food was 
recalculated to amount 9.8s% (of the 3 suitable va lues re
ported by them, one unusually high value 31.4% was not 
considered). 

As the C, P, F and U are known, metabolism (R = res
pi ra tion) can be calculated relat ing it to per unit ini tia l live 
weight (g) of the fish per unit ti me (day). To express 
metabolism as ml O2 uptake, 4. 8 g cal energy was con
sidered as equivalent to I ml of 0 2 uptake (Engelma nn , 
(966). 

The closed ( ••• ,. a = fed ~e ries) a nd open (00 o'V o 
= starved series) symbols in a ll the figures represent the 
aq uarium depths of 2.5,5.0,15.5, 31.0 and 40.0 em, res
pectively. 

Results 

Surfacing activity 
At any tested tem perature , feeding series surfaced to ex
cha nge atmospheric air more frequently with increasing 
aq uarium depth (Fig. I); however, the increase in sur
facing frequency was not statistically significa nt at 17, 22 
and 37" C (Tables II , Ill, and VI); the 'I' values obtained 
for the surfacing frequency of the 2.5 cm vs 40 em depth 

groups were 2.'53 (P >0.05) at t 7" C, 2.347 (P > 0.05) at 
22°C and 1. 332 (P > 0.05) at 37°C. The <t' values calcu
lated for the corresponding.depth groups at 27 a nd 32°C 
were 6A 82 (P < 0.00 . ) and 4A70 (P < o.ot), respect ive ly 
and were highly significant. Therefore, the surfacing is a 
depth-dependenl activity only within the narrow range of 
tem perature between 27 and 32° C. 
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Fig. I. Effects of temperature and depth of water on number of 
surfacing of the fed and starved Ophiocepha/us striatus. 

Similar analys is of the data obtained for the starv ing 
se ries exposed to different depths of water revealed that 
surfacing frequency was not a depth-dependent activity in 
the starving se ries at all tes ted temperatures (Fig. I); how
ever, the fish progressively increased the freq uency from 
222 time/day (mean of means obtained for the sta rving 
dept h groups) al q ' C to 56) time/ day at )2' C. At 37' C, 
the frequency significantly decreased to a level (336 time! 
day) lower than tha t at 22' C (Fig. , ). 

At q OC, the starving and feeding series exposed to 
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diffe rent depths surfaced 240 time/ day and the minor 
diffe rences observed between the corresponding groups 
among the two series were not statiscally significant 
(e .g. at 40 em depth: t = 2.26 t ; P > 0.05). At all othertested 
temperatures, the frequency of the feed ing series was 2 to 

5 times more than that of the starv ing se ries ; for instance, 
the frequency averaged to 389, 504, 594 and 326 time/day 
for the sta rving series at 22. 27. 32 and 37° C, respectively, 
and the corresponding va lues for the groups exposed to 40 
em depth of the feeding series were 1054. 1879, 261 6 and 
1203 time / day, respectively . 
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Fig. 2. Effects of temperature and de pth of water on hangi ng 
frequency of the fed and starved Ophiocephailis slrialliS. 
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Table II. Effects of feeding, starvation and aquarium depth on differen t metabolic parameters in Ophiocephalus striatus (815 ± 90 mg). Each value repre
sents the average performance of 3 to 6 individuals (mmn ±SD) maintained for a period of 35 days at 17°C 

Parameters 

Number of surfacing/day 

Hanging frequency (time/day) 

Hanging duration (hr/day) 

Distance travelJed (m/day) 

Feeding rate (g cal/g/day) 

Absorption rate (g cal/g/day) 

Conversion rate (g caljg/day) 

Metabolic rate (g caljg/day) 

Metabo lic rate (ml O! / g/ hr) 

Absorption efficiency (%) 

Conversion efficiency (Kl )(%) 

2.5 

Fed Starved 

235 :1: 2 1.5 223 ± 23.0 
41 :I: 2.8 39 , 3.6 

0.5 :1: 0.04 1.0 :1: 0.10 

12 :1: 1.1 II , \.0 
23.6 ± 1.99 

22.9 :I: 1.94 

+3.1 :1: 0.15 - 0.6 ± 0.10 
17.8 :I: 1.80 0.6, 0.10 
0.15 :1: 0.021 0.01 ± 0.00 

96.9 ± 0.60 
13.5 , 0.50 

Depth of water (an) 

5.0 15.5 

Fed Starved Fed Starved 

235 1: 32.0 222 1: 20.1 245:1: 29.9 12 1 ' 3\.0 
42 :1:4 .4 41 ± 7.3 48 ± 4.9 39 ' 2.6 

0.5 ± 0.10 l.0 ± 0.11 0.7 ::1:0.0 1 1.1 ± 0.02 

23 , 3.2 21.t 2.0 74 ± 9.0 65 ' 9.6 
23.6 ± 1.57 30.4 , 3.80 
23.0 :!: 1.70 29.6 ± 3.80 

+3 .6 ± 0.10 -1.0 ± 0.17 +2.9:1: 0.25 - 1.8' 0.17 
17.5 ± 1.74 1.0 ± 0.17 24.0 ' 3.60 1.8 ± 0.17 

0. 15:1: 0.019 0.01 ± 0.002 0.21 ' 0.03 10.01 ± 0.002 
97.5,0.76 97.3 t O.51 

15.8 ± 1.57 10.0 :1: 0.41 

3 \.0 40.0 

Fed Starved Fed Starved 

284 ± 2 1.5 226 ± 40.0 283' 39.0 219 ' 41.0 
58 ± 3.4 49 ± 9.7 40 ± 9.3 58 ' 6. 1 

0.8 ± 0.10 1.1 :I: 0.10 0.9:1: 0.10 1.1 :I: 0. 10 

170 ± 12.9 134 ± 23.6 218 ' 30.1 168 ::1: 31.5 

42.8 ± 2.00 45.2 :I: 0.51 

4\.9 , 2.09 ~4.1 ::I: 0.70 

+0.7 ± 0.61 -1.5 ± 0.10 "'0.5 .t 0 .41 - 2.1 ± 0. 17 

37. 1 ±2 .60 1.5 ± 0.10 39.2 , \.07 2.1±0. 17 
0.33 ::1: 0.019 0.01 ± 0.00 1 0.35 ' 0.0130.01 ' 0.001 
97.S ± 0.55 97.7' 0.85 

1.7 ± 1.01 1.1 :1: 0 .95 

Table Ill. Effects of feeding, starvation and aquarium depth on different metabolic parameters in Opl/iocepl/a[us slriatus (790 ± 61 mg). Each value represents the average 
performance of3 to 6 individuals (mean ± SD) maintained for a period of28 days at 22°C 

Depth of water (em ) 

2.5 5.0 15.5 31.0 40.0 
Parameters 

Fed Starved Fed Starved Fed Starved Fed Starved Fed Starved 

Number of surfacing/day 923 ± 25.2 400 ± 40.1 929 ± 40.0 398! 13.2 1041 :t 149.0 404 :1: 16 .5 95 1 ±73.S 384 ± 35.4 1054 ± 104 .0 3S~ :I: 25.0 
Hanging frequency (time/day) 96 ± 10.8 72 :1: 16.2 96 ± 18.1 72 ± 10.1 104 :1: 17.6 65 ± IS. I 113 ± 13.9 59 ± 10.4 11O±18.9 64 ± 9.7 
Hanging duration (he/day) 6.9 :t 0.10 10.5 :1: 0.60 6.7 ± 0.10 10.2 ± 0.85 7.9 t 0.78 10.4 :t 0.20 7.3 ± 0.50 11.7 ± 0.50 9.0 ± 0.51 11.1 :1: 0.10 
Distance travelled (m/day) 33:1: 0.9 11 ± 1.5 67 :I: 3.1 23 ± 0.7 199 1 27. [ 71±2.6 411 ± 3.2 122 ± 11.5 527 ± 52.0 167 :1: 10.7 
Feeding late (g cal/gjday) 79.8 ± 5.60 87.3 ± 8.81 100.3 :1: 9.34 103.7 ± 12.5 110.7 t 11.75 -~-

Absorption rate (g cal/g/day) 77 .8 ± 5.44 84.9 ± 7.99 97 .3:1:8 .67 100.8:1: 11.63 106.S ± 10.3 1 
Conversion rate (g caJ/gfday) +17.4 t 2.54 -8 .9:1: 1.25 +13.9 ± 4.33 -1 0.0 ± 0.35 +16.3 ± 2.43 - 9.9 :1: 0.98 +1 1.9 ± 2.49 -1 L8 ± 2.11 +13.1 ± 0.70 - 12.1 ± 1.25 
Metabolic rate (g ca1/gfday) 54.3:1: 4.00 8.9 , 1.25 64.0 ± 6.31 10.0:1: 0.35 72.9 ± 7.22 9.9 :1: 0.98 80. 1 i 11.23 11.8 ± 2.11 84.4 ± 9.61 12.1 :1: 1.25 
Metabolic rate (ml 01 /g/hr) 0.49 ± 0.03 0.07 :1: 0.00 056 ::1: 0 .11 0.09:1: 0.00 0.63 :1: 0.06 0.09 :!: 0.01 0.70:1: 0. 10 0.10 ± 0.02 0.73 :I: 0.08 O. ll .t 0.01 
Absorption efficiency (%) 97.4 :I: 0.45 97.5 :I: 0.51 97.0:t 0.50 97.3 :t 0.69 96.4 ± 0.79 
Conversion efficiency (KI) (%) 22.4 :I: 2.29 16.4 :I: 5.73 16.8 ± 1.92 U .S :I: 2.60 12.3 :1: 0.55 
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Table IV. Effects of feedi ng starvation and aquarium depth on different metabolic parameters in Ophiocepha/u$ s(da(Us(750 j: 70 mg), Each value represents the average performance of 
3 t o 6 individuals (mean:!: SO) maintained for a period of 21 days at 27°C 

Depth of water (em) 

2.5 5.0 I S.S 3 1.0 40.0 
Parameters 

Fcd Starvtld Fed Starved Fcd Starved Fed Starved Fed Starved 

Number of surfacing/day 1294 i 105.6 482:t 24. 1 13 17 ± 158,4 439.t 24.4 1510t 144.0 446 ;t 19.2 1798:!: 122.4 468 .1:28.8 1879 :I: 146.4 504 ± 24.0 

Hanging frequency (lime/day) 155:t 16.9 83 j: 21.2 158 ± 18.2 92 :t 13.8 160 ± 17.7 91 :t 9.9 195 :t 23.4 97 ± 12.8 183 :!: 10.0 78± 11.5 

Hanging duration (hI/day) 7.4± 1.09 13.2 ± 1.21 3.2 ± 0.67 14.7 ± 0.94 3.0 t 0.84 15.8 ± 1.18 2.5 ± 0.59 17.0 ± 0.64 3.0 ± 1.00 14.3 ± 1.20 

Distance travcUcd (m/day ) 45 ± 4.0 11 ± 0.5 114 ± 6.9 17 ± 0.9 409 t 38.7 47 ± 2.0 999 ± 74.7 85 ± 5.2 1315 t 102.7 163 17.0 

Feeding rate (g calls/day) 144.2 ± 19.07 160.5 ± 6.66 196.0 t 18.7 216.2 ± 6. 16 222.6 t 15.86 

Ab sorption rate (g cal/g/day) 137.9 ± 21.09 151.3 ± 5 .34 190.0 t 19.21 205.5 ± 6.46 210.1 :!: 17.7 

Conversion rate (g calls/day) +28.2 ± 3.30 -22.5 t 0.8 1 +33. t 5.53 - 20.5 ± .106 +24.7 ± 3.91 -25.3 t 0.77 +26.5 ± 1.47 - 27.3 ± 0.54 +26.5 ± 2.23 - 28.3 ± 0.61 

Metabolic rate (g cal/g/day) 98.8 ± 18.75 22.5 ± 0.81 106.2 ± 5.47 20.5 ± 1.06 148.8 ± 9 .6 1 25.3 ± 0.77 161.1 :!: 7.90 27.3 ± 0.54 165.3 ± 14.56 28.3 ± 0.61 

Metabolic rat e (ml Ol/g/hr) 0.86 t 0. 18 0.20 ± 0.01 0.92 ± 0.05 0. 18 ± 0.0 1 1.29 ± 0.81 0.22 ± 0.01 1.41±0.07 0.24 ± 0.01 1.44±0.13 0.25 ± 0.0 I 

Absorption efficiency (%) 95 .6 ± 0.18 94.3 ± 0.79 96.9 ± 0.91 95.01:0.50 94 .5 ± 0.10 

Conversion efficiency (K2) (%) 2004 :!: 1.08 22.1 ± 3.30 D.O ± 0.10 13.0 ± 1.00 12.6 % 1.27 

Table V. Effects of feedi ng, starvation and aquarium depth on different metabolic parameters in Ophiocepha{us str{atus (700 % 37 mg). Each value represents the average performance of 

3 to 6 individuals (mean ± SD) maintained for a period of 2 1 days at 32°C 

Dept h of water (em) 

2.5 5.0 15.5 31.0 40.0 
Parameters 

F<XI Starved Fed Starved F,d Starved Fed Starved F,d Starved 

Number of surfacing/day 1860 % 190.0 530 ± 51.5 185 7 ± 205 .5 547 ± 70.7 2074 ± 173.9 527 ± 55.3 2272 ± 244.4 6 15 ± 86.8 2616 % 278.7 594 %73 .2 

Hanging frequency (time/day) 142 ± 2.8 99 ± 6.9 141 ± 9 .3 82 ± 10.2 150 ± 13.5 72 ± 14.5 126 ± 12.9 83 ± 10.8 184 % 7.5 96 ± 9.7 

Hanging duratio n (hr/day) 3.2'0.6 1 15.0 ± 1.42 3.2 ± 0.34 14.4:!: 1.52 3.0 ± 0.91 15.0:t 1.72 3,4 ± 0.97 16.8 ± 1.45 4 .3 :t 0.7 6 16.8 ± 0.92 

Distance travelled (m/d ay) 8 1 ± 9.3 10 t 1.0 161 :t 20.3 30 ± 2.8 563 t 49.7 61 :t 2.1 1220 ± 127.6 114 ± 26.0 1721 % 161.6 14 3 :!: 22.0 

Feed ing ra te CE calig/day) 180.4 ± 28.57 189.7 ± 13.9 1 -.- 2 12,4 ± 30 .33 225.3 ± 31.17 224 .8 ± 8 .67 

Absorption ra te (g eal/g/day) 172.7' 26.68 181.1 :t 29. 27 206.4 :t 30. 18 215.9 ± 25.40 2 16.2:t 9.05 

Conversio n rate (g cal/gfday) +46.6 ± 5.03 - 22.1 :t 0.69 +38 .1 ± 3.62 - 23.5 ± 3.47 +3 1.8 ± 2.59 -25.5 :t 2.00 +31.2 :t 1.44 -25.3 ± 0.91 +34.5 ± 5.46 -29. 3 ± 1.25 

Metab olic rate (g cal/g/day) 1 13.5 ± 18.98 22.1 ± 0.69 128.7 ± 24.03 23.5 :!: 3.4 7 157.2 t 26 .30 25.5 :t 2.00 166.3' 21.69 25.3 ± 0.91 16 3.6 ± 8.59 29.3 ± 1.25 

Metab olic rate (m1 0l/gjhr) 1.00±0.1 7 0 .20 ± 0.01 1.12 ± 0.21 0.20,0.01 1.37 ± 0.23 0.22 :t 0.02 1.44 ± 0. 19 0.22 ± 0.01 1.4 3 t 0.08 0.25 ± 0 .0 1 

Absorption efficiency (%) 95.5 ± 0.56 95.5 ± 0.10 97.2:t 0.98 95.9 ± 2.32 96.1 :t 0.78 

Conversion efficiencY (K 1 ) (%) 27.4±1.52 21.3 £L06 15.6 :t 2.00 14.5 ± 1.69 15.9:1:1.9 1 
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Table VI. Effects of feeding, starvation and aquarium depth on different metabolic parameters in Ophiocephalus stria/us (735 i 65 mg). Each value represents the average performance of 

3 to 6 individuals (mean ± SD) maintained for a period of 21 days at 37°C 

2.5 5.0 
Parameters 

Fed Starved F,d Starved 

Number of surfacing/day 10911: 119.0 322 1 61.0 10961 106.0 347 ± 65.0 

Hanging frequency (time/day) 109:!: 9.9 69 :t8.5 103 :t 6.8 76 :!: 8 .3 

Hanging duration (hI/day) 5.310.10 l7.5 :t 0.32 5.71:0.10 17.3 :t 0.59 

Distance travelled (m/day) 43 1: 5 .9 41:0.3 84 :t 10.6 10 ± 0.6 

Feeding rate (g cal/gJday) 150.5 ± 10.49 183.7:!: 7.35 

Absorption rate (g calfg/day) 143.9:!: 9 .61 177.4 ± 8.32 

Conversion rate (g cal/g/day) +21.9:t 2.72 - 22.8 :!: 3.07 +24.7 ± 3.21 -25.8 :!: 4.00 

Metabolic rate (g cal/g/day) 110.0:1: 7.74 22.8 ± 3.07 137.5 1: 6.38 25 .8 ± 4. 00 

Metabolic rate (ml 0l/g/hr) 0.96 ± 0.07 0.20 :t 0.01 1.21 :t 0.06 0 .22 :I: om 
Absorption efficiency (%) 95.6 :!: 0.50 96.6 :!: 0.95 

Conversion efficiency (Kl) (%) 15.3 :t 1.45 13.9 :t 1.46 
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more frequently at any tested temperature than the cor
responding starving se ries , 2 . The freq uency increased 
from about 45 time/ day at 17° C in either series to about 
70 time / day at 37° C for the sta rving se ries, and to about 
170 time / day at 27 and 32°C for the feeding series , and 3. 
The frequency is not a depth-dependent behaviour a t any 
tested temperature in either the starving or feeding 
group. 

b) Duration: From an analysis of the data on hanging 
?uraLion, more or less similar conclusions can be drawn, 

namely the duration is dependent on temperature as well 
as on the nutritional Slate but not a lways on aqua rium 

depth. For instance, the duration, which was about o.g 

hr / day in either series at 17°C, increased to 6.4 hr/ day in 
the feeding series and to 17.6 hr j day in the starving se ries 
at 37°C. Although the duration was not always depth
dependent, maximum d ifferences observed among the 
different depth groups were statistically significant (e.g. at 

27° C, feed ing series of 2.5 vs 40 cm; t = 2-492; P <0.05) at 
the tested temperatures . 

However, comparative analyses of the data on the fre
quency a nd duration of hanging suggest that the hanging 
duration is perhaps an adaptive behaviour to minimize 
the energy expense on the surfacing activity without in
vo lving vertical movement , especially in the starving 
series. In the feeding series, the frequency is more but the 
duration per hanging is shorter. For instance, the duration 
was I,3 min / hanging for a feeding fish in 2.5 cm aquari
um depth at 32° C, as against 9 min/ hanging for a star
ving one; t he former hung o nce in every 13.1 surfacings 
and the latter once in every SA surfacings. However, cal

culations of correlation coefficients between surfacing

hanging freque ncy and surfacing-hanging duration failed 
to show any definite and significant correla tion a mong 
the se ries at the tested temperatures and depths of water 

(e.g. at 27' C, 40 em depth, r = 0.998, P < 0.02). 

Swimming activity 

a) Distance travelled: At all the tested temperatures, the 
distance swum by the feeding and starving series to ex

change atmospheric air was a depth-dependent activity. 
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The longes t distance was swum by the feeding series a t 
32° C and by the starving series at 17° C (Fig. 4). At 37°C, 
the feeding series reduced the distance not only by de
creasing the surfacing frequency (from 26 16 lime/ day at 
32° C to 1203 time /day at 37° C in 40 cm aquarium 
depth), but a lso by increasing the hanging dura tion (e.g. 
from 4.3 hr / day at 32'C to 7.6 hr /day at 37' C). Conver
se ly, the starving series at higher temperatures reduced the 
d istance only by increasing the duration of hanging (e.g. 
from 1.1 hr/ day at q OCto 18. 1 hr/ dayat 37°Cin40cm 
depth) . Clearly, the sta rving series resorts to a behavioural 
adaptation of hanging to the surface longer as more 
advantageous than minimizing the surfacing activity. 

b) Swimming speed: The feeding series of the 40cm depth 
groups steadily increased the swimming speed from 1.2 
L (= 4.5 cm) /sec at 17°C to 2.0 L/ see at 32°C, and sub
sequently decreased to 1. 5 L/ secat 37° C (Table VII). But 
the sta rving series maintained the speed a lmost equal 
( I LJsee) at all the tested temperatures. 

c) Swimming capacity: To estimate the capacity of the 
fish to swim the maximum distance involved in surfacing 
activity alone, the maximum time required fo r the ac
tivity by either series ex posed to maximum depth (40 
em) as functions of temperature and feeding was calcu
lated and the data are presented in Table VII. The starving 
series swam for a maximum period of I hr / day at 1 LJsec 
between 17 and 27° C; though the fish maintained the 
swimming speed, the reduced surfacing frequ ency (Fig. I) 
resu lted in the decrease of the total swimming duration to 
oA hr /day at 37°C. Though the surfacing frequency in
creased from 219 time at 17° C to 504 time/ day at 27° C, 
the 40 cm depth group of the feed ing series mai ntained 
not only the distance swum around 165 m/day and the 

Table VII . Effect o(tcmpcratu~ and feeding on lh~ .peed and capacity offwimming tile 
dinan"" inwlved in sU/ faLi ng ac tivity OfOl'lrioccpila!u, ftrla/u$ at 40 cm wat~1 depth; each 
value IepresenU the average performance of 3 to 6 indiv!duab (mea n 1 SD) observed for 3 

period of 2] to 35 days 

Time interval Swimming capacity Swimming speed 
T empel\lt ll «: ""{WCCQ two (LIsee) 
(e) sUffacing (sec) (secfsurhdng) (Ill/day) 

Fed 305 ± 27.8 15 ± 1.4 l.l ± 0.3 1.2! 0.' 

" SlalYoo 311 ! 39.0 18 ! 4. ) 1.0 t 0.2 10% 0.' 

'" 81 ± 16.2 13 ± 2.1 2.4" 0 .5 ].4 ! 0.1 
22 S{:uvoo 222 , 40.8 ]8 ± 4.0 1.0 ~ 0.3 1.0 ! 0 .] 

roo 46! 9.6 10. 3.2 5,4 ± 0.6 1.8 • 0.] 
21 Starved 171 ~ 35.5 J7 ~ 1.2 \.0" 0.3 \.0 1 0.] 

red 33 ± 4.3 8 ~ 2.6 4.8 " 0.6 2.0 J. 0.2 
J2 Starved 145 ± 19.3 ]6" 3.7 0.5" 0.1 \.I ± 0.1 

", n! 12.5 12 : 3.0 1.01 0.1 1.5 ± 0 I 
37 Sta",..,d 265" 43.8 I? ± 1.5 0.4 ± 0.] ],0 ± 0.1 

swimming speed at I L/ sec, but also contro lled the tota l 
time spent on swimming activity involved in surfacing 
precisely at 1 hr / day; this was made possible by increasing 
the hanging duration from 1.1 hrJdayat 17°Cto 14.3 hr / 
day at 27° C. At 37°C, the fish minimized the swimming 
act ivity (and the energy expense) not only by red ucing the 
swimming distance involved in surfacing activity but also 
the time spent on the activity to 0.4 hr /day by increasing 
the hanging duration to 18. 1 hr / day. 

The feeding se ries could afford to spend increasingly 
longer duration on swimming fro m 1.1 hr / day at 17°C 
to 5-4 hr / day at 27° C and subsequently decreased to 1.0 
hr /day at 37° C. T he feeding ser ies at 37°C reduced the 
swimming duration by decreasing the number of sur
facing , a nd increasing the hanging duration but not by 
increasing the swimming speed. 

Food utilization 
Feeding rate: At all the tested temperatures, the feeding 
rate of the fish steadily increased wit h increasing depth 
(Fig. Sb). The d ifferences in the feed ing ra tes of different 
groups in each temperature se ri es were statiscally highly 
significa nt (e .g. 2.S vs 40 em depth at q OC; t :::: 17-420, 
P < 0.001; 2.5 vs 40cm depth at 37°C: t :::: 6.945, P <O.OO I) 
a nd hence the feed ing rate is a depth-dependent activi ty. 
The mean feeding rate steeply increased (from 33 g cal l g 
live fi sh/ day at 17°C) with increasing temperature upto 
27°C and levelled off (a round 200 g cai / g/ day) at 32° C 
and 37' C. 

Absorption 
a) Efficiency: The efficiency va lues ranged from 94.3%at 
27°C to 97.8% at 17° C; it averaged to 97. 2 ± 0-45%(C. V .. 
0.5%) . The depth and· temperature-dependent differences 
in the efficiency were not statistically signi ficant. This 
observation supports the previous one, i.e. the efficiency 
is neither affected by temperature (Davies, 1964; Wallace, 
1973) nor by depth of water (Pandian & Yivekanandan, 
1976; Arunachalam er al., 1977). 

b) Ra te: As the effic iency remained more or less equal in 
all the feed ing series (Tables II to VI), the trend obtained 
for absorp tion rate as a function of depth or tempera ture 
was almost parallel to the respective one obtained for 
feeding rate vs depth or temperature. 

Conversion 
a) Efficiency (K2): Except at 37°C, the efficiency was the 
highest in the group exposed to the min imum depth at 
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Fig. 5. Effects of temperature and depth of water o n feeding rate 
(b) and conversion efficiency (a) of Ophio('ephaius striarus. The 
line in the upper panel showing the relationship between conve r
sion effic ie ncy and temperature is passed th rough the res pect ive 
mean values obtained [or different depth groups a t each tempe
ratu re series. 

the tested tempera tures. This depth group consumed the 

minimum food (Fig. Sb), and still ex hibited the maxi

mum efficiency (Fig. sa). because it perhaps minimized 

the energy cost of swimming and surfaci ng activities in 

the shallowest aquarium (Pandian & Vivekanandan, 

1976). T herefore, cultivat ion of a ir-breathing fishes like 

O. sirialus in shallow waters will be advantageous for two 

reasons: I. the high efficiency of food conversion a nd 2. 

the low feedin g rate . 
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The mean efficiency was the least (8%) at the lowest 

temperatu re of qOC and modera te (13 to 20%) a t the 

other tested temperatures (Fig. sa). The maximum con

version efficiency occurred a t 32° C , a temperature level, 

at which different depth groups consumed the maximum 

ration. Brett ef al. (1969) showed that the temperate On

corhynchus nerka exhibited the highest efficiency (25%) 

a nd co nsu med about 40 mg dry food / g li ve fish/ day a t 

I I.5° C; the fish converted lower rations more efficiently 

at lower temperatures than at high temperatures. At 
lower temperatures (3 to 8°C), the North Sea dab Liman
da Iimanda consumed less ration but converted more 

efficient ly (Pa ndian , 1970). The trop ical 0. slrialus con

ve rted higher rations more efficiently at high tempera-
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Fig. 6. Effects of temperature and depth of water on the conver
sion rate of the fed and starved Ophiocephalus strialllS. 
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tures (22 to 32° C), a nd the lowest rations with the highest 
efficiencies at 32° C. Victy Mercy (1967) reported that 0. 
puncfafus (body weight ; 6 g) increased the efficiency from 
about 6% at lower rat ion to 22% at higher ration at 27° C. 
It a ppea rs that thc lower rations are conve rted morc effi
ciently by the fishes at temperatures prevailing in their 
respective natural habitats (see also Averett , 1969; Pan
dian, 1975). 

b) Rate: At 17°C, conversion rate of 0. striatus was the 
least « 4 g cal / g/ day) and it steadily increased to the 
values ranging from 31 to 47 g cal / g /day at 32°C (Fig. 6a) 
and subsequently decreased to around 24 g cal l g/day at 
37° C. At the optimum temperature of 32°C, not only the 
maximum food is consumed and the highest efficiency is 
exhibi ted, but also the highest growth rate is displayed by 
the fish . 

Despite the fact that there was no definite relationship 
between the depth and conversion rate (see the symbols 
for the depth groups in Fig. 6a), the diffe rences between 
the maximum and mi nimum conversion rates a mong 
the depth groups at a ny tested temperature were signifi
cant (e.g. 5 vs ' 5.5 cm depth at 27° C; t = 2.933, P < 0.05), 
and in this restricted sense, conversion rate was depth
dependent. The dist ribution of data presented in Fig. 63 
also suggests that conversion is primarily a temperature
dependent and secondarily a depth-dependent 'activity' 
(see Fry, 197 1). 

The sta rv ing fish , in fact, did not exhibit positive growth 
activity; howeve r, it converted considera ble body sub
stances inro metabolic activity. Therefore, the negative 
growth has been considered as conversion. Conversion 
rate in the sta rving series steeply increased from less tha n 
2 g ca l/g/day at 17° C to over 25 g cal l g/ day at 27° C and 
leve lled off at that level al 32 and 37°C (Fig. 6b). It may 
be reca lled that these sta rving series at 32 and 37° C hung 
for longer durations (and also surfaced less frequently at 
37° C) and conserved the energy involved in such surfac ing 
and swimmi ng activities. As in the feeding series, a de

finite relation between depth and conversion rate was not 
appa rent (Fig. 6b); ye t the differences between the maxi
mum and minimum rates for any one temperature 
series was highly significant (e.g. at 32°C, 2.5 vs 40 em 
depth t = 10.000. P < 0.00 1) and again, in a restricted sense, 
conversion rate is depth-dependent in the starving se ries 
also. 

Oxygen uPIQke 

The energy equ iva lent of oxygen uptake of the feeding 
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Fig. 7. Effects of temperature and depth of water on 0 2 uptake 
of the fed and starved Ophiocephaflls strialllS. 

series , which was regarded to have exhibi ted act ive meta
bo lism, was less than 0-4 ml /g live fish / hr at 17° C (Table 
II) and steeply increased to around 1. 2 ml /g/ hr at 27° C 
(Table IV) and thereafter levelled off at 32 and 37° C. 
(Tables V and VI). Brett (1964) also reported that 0 , 
uptake of active On. llerka increased from 0.35 ml 0 21 g/ 
hr at SoC to 0.63 ml 0 2/ g / hr at Is°c. There was a very 
significant , and direct relationship between 0 2 uptake and 
depth of water at any tested temperature (Fig. 7; e.g. at 
32° C, feeding series of 2.5 vs 40 cm depth, t = 4.798: P 
< 0.002); hence oxygen uptake is clearly a function of 
depth of aquarium a nd temperature. However, 0 2 uptake 
was more dependent on depth at the higher temperatures 
(> 27° C), while at the lower temperatures « 27° C), it was 
predomina nt ly temperature-dependent and the depth 
played o nly a secondary role (Fig. 7a). Except for the 
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absence of a definite relation between the depth groups 
and O2 uptake at any temperature (Fig. 7b), the starving 
series exhibited more or less a similar trend to that of the 
feeding series. 

Discussion 

A new design of experiment was employed to collect data 
on surfacing and swimming activities as well as food 
utilization as functions of temperature and aquarium 
depth in the obligatory air-breathing fish Ophiocephalus 
strialUs. The swimming activity, speed and capacity 
measured under the situations in 0. striatus are far , but 
not too far from the ones described for the fully gil1~ 

breathing fishes like Oncorhynchus nerka by Brett (1964, 
1970) and Gadus m orhua by Beamish (I966) and there
fore the terms 'swimming activity' , 'swimming speed' 
and 'swimming capacity' used in the present study are not 
strictly comparable to those of swimming activity and 
swimming speed described by Brett and swimming en
durance by Beamish . Still the present design of experi
ment, which permitted observations on these aspects of 
swimming as well as estimations on food utilization on a 
long term basis, is considered to have also provided a 
natural habitat for the fish; hence these aspects of swim
ming are compared with those of other authors to identify 
common areas of fish metabolism. 

0. striatus swam at the maximum speed of 2 Li see for 
a period of 8 sec and subsequently rested for an interval of 

17- C 

'" 

° DJ ~ t a nce trav ~ ll . d 

• F • • d ing r<lte 

"00 0- " 
27'C 

33 sec; moreover, after every 14 surfacings, the fish also 
resorted to a behavioural adaptation of hanging to the 
surfacing for a period of I A min, which involved surfacing 
without vertica l movement. Hence, the maximum 
period, during which the fish can be expected to perform 
swimming activity (of course, with interrupted resting 
periods) at 2 L/ sec is 4.8 hr I day. Brett (1964) reported that 
an active On. nerka (10° C; 33 g, 16 em L) swam at 4 LI sec 
for a maximum period of about 5 min and became 
fatigued; the fatigued fish required 3 to 4 hr for recovery. 
At the time of burst speed, it swam at 10 L j sec for a maxi

mum duration of 20 sec, and then fatigued; the fatigued 
fish paid off its oxygen debt by deep ventilation during 
the ensuing 3 to 4 hr recovery period (Brett , 1970). Con
sidering the speed of 4 Li see for 5 min with the ensuing 
recovery period of 3 ~h hr as a cycle, the fish can swim 
only for a maximum period of about 35 min /day. Bea
mish (1966) found that swimming at 2 L i see, G. morhua 

(75 cm L, 600 g) could endure swimming for over 4 hrl 
day. 

0. striatus, enforced to swim longer d istance in deeper 
aquaria at any tested temperature, clearly opted to in
crease its food intake, and to release more energy from 
the consumed food for such extra surfacing and swim
ming activities, rather than to maintain a constant feeding 
rate and swimming activity, by adjusting the surfacing 
frequency and i or hanging duration. However, the feeding 
rate approached an asymptote in deeper aquaria. The 
aquarium depth , at which the asymptote was reached, 
progressively shifted from about 40 em at 17° C to about 
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30 cm at 37°C (Fig. 8). Comparable analyses of the data 
on 02 uptake as a function of aquarium depth in the tested 
temperature series revealed similar trends. But the total 
distance travelled by the feeding fish continuously in~ 

creased upto the deepest aquarium (40 cm) and failed to 
show any inflection. Therefore, the tested aquarium depth 
did not offer the required opportunity to a. striatus to 
exhibit its maximum swimming performance, although 
it offered the opportunity to exhibit the maximum rates 
of feeding and 02 uptake. This indicates that the fish is 
perhaps capable of swimming even a longer distance 
(> 1300 m/ day); however, as the trends for food intake and 
O2 uptake vs aquarium depth showed an inflection near 
30 em depth, it is evident that the input offood energy and 
O2 uptake might have limited the swimming endurance 
to less than 5.2 hr / day (see also Ware, 1975), had the fish 
swum longer distance in still deeper aquaria. 

When input of food energy became a limiting factor, 
a. striatus reduced the energy cost of swimming by de
pressing its activity via I. the decreased surfacing frequen
cy and ! or 2. the prolonged hanging duration. For in
stance, while the fish at 32°C consumed about 225 g 
cal ! g/ day at 40 em aquarium depth, surfaced about 2600 
time / day and hung for 4.3 hr / day, that at 37°C con
sumed only about 200 g cal / g/day. surfaced about 1200 
time / day and hung for 7.6 hr /day. Apparently, the sur
facing frequency and hanging duration are the two gearing 
mechanisms avai lable to 0. striatus, in which swim
ming activity is likely to be limited by the reduced input 
of food energy. Though beneficial for survival in the 
oxygen-deficient waters , the advantageous air-breathing 
habit and the consequent need for regular surfacing and 
swimming activities impose a considerable drain of 
energy, which otherwise could have been channelled into 
fish production. Therefore, the hanging appears to be an 
unique adaptive behaviour of 0. striatus, permitting the 
fish to surface without involving vertical movement and 
the consequent energy expense. 

The comparability of the minimum maintenance 
metabolism estimated in the starving 0. striafUS to the 
standard metabolism of the other fishes, as measured 
from O2 uptake, requires qualification. Since standard 
metabolism is more or less equal to basal metabolism 
(Brett, 1972), the O2 uptake must be estimated, when the 
animal is at complete rest. It should almost be impossi
blc to make the obligatory air-breathing a. srriatus to 
rest completely and to estimate basal metabolism. In
deed, it should be equally impossible to make either obli
gatory or facultative air-breathing fishes , which surface 

at regular or irregular interval to exchange atmospheric 
air, to rest completely and to measure standard metabo
lism. The 0 2 uptake values calculated from the dietary 
fragment method for the starving 0. striatus under dif
ferent experimental conditions range from 0.10 ml 0 2/ g/ 
hr at 22°C to 0.22 ml Od g/ hr at 32°C. The va lues avail
able for the standard metabolism in the literature range 
from 0.06 ml 02/ g/ hr for the starving Tilapia mossam

biea (I g; 27°C; Pandian & Raghuraman, 1972) to 0.12 ml 
O,f g/ hr, for On. nerka (52 g; 24QC; Brett, 1964). Sur
prisingly, the minimum maintenance or standard meta

bolism of the starving of 0. striatus is nearly 2 to 3 times 
higher than those reported in the literature. One possibility 
is that the regular surfacing frequency pushed the standard 
metabolism up to this high level; however, the energy cost 
of such swimming activity appears to be partly or fully 
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Fig. 9. Relation between input of energy and metabolic rate (02 
uptake) in the fed and starved Ophiocephalus striatus exposed to 
different temperatures and aquarium depths. Input of energy is 
represented in terms of food intake, but for the starving one , it is 
given in terms of body substance metaboli zed. Corresponding 
data reported by Vivekanandan (1975, 1976) for 0. .striarus of 
different weight classes and for those reared under different 
partial pressure of oxygen are also given for comparison. As the 
values for the starving fishes fall very close to one another, sepa
rate symbols for temperature, body weight and POl series were 
not given. I n the feeding series, the 4 to 5 values given for each 
temperature and body weight series represent the performance 
of fishes reared at different aquarium depths. 
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compensated by the facts that fully gill-breathing fishes 
must ventila te larger volume of water than the air
breathing fishes at similar O2 uptakes and that the greater 
energy cost of aquat ic breathing is further aggravated by 
the huge density difference between the two media; in 
brief, air-b reathing is advantageous in terms of 0 2 avail 
ability (Johansen, 1970). 

Barring the series reared at I7°C, the active metabolic 
level of O. striatus was 5 to 7 times higher than the respec
tive standard metabolic level; briefly, the highes t O2 up
take value obta ined for 0. striarus in the deepest aquaria 

was 1.44 ml /g/ hr at 32° C and to the best of our know
ledge, this is the highest 0 2 uptake value known for fi shes. 
The highest 0 2 uptake values available in the Russ ian lit
era ture are 0.9 ml j gj hr fo r the sturgeon fry (23 mg) A ci
penser guildensraedl, 0.95 mt jg j hr for the carp fry (11 0 
mg) Cypril1us carpio and 0.75 ml jgj hr for (160 mg) Ac. 
slellatus (see Winberg, 1956). It is not clear from Winberg 
(1956) whether these est imations were made in com
pletely starving fishes, and if so, these low va lues may not 
represent the active metabol ism. The highest 0 2 uptake 
value estimated in the present study may be considered as 
the maximum sustained activity metabolic level (Brett, 
1972) a nd com pared with the one (0.63 ml O,/ g/ hr) re
ported for On. nerka (50 g) at ISoC (Brett, 1964). Brett's 
value is one of the highest values vailable in the English 
literatu re; but it is less than half of that assessed for 0. 
striatus. The possible reasons for this discrepancy have 
been discussed in detail elsewhere (Vivekanandan, I975; 
Pandia n & Vi vekanandan, I976). 
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Although much information have been accumulated 
on the effects of the POz a nd PC02 of water and ai r on the 
surfacing frequency and the proport ion of oxygen ob
tained from water and air (Carter, 1957; Hughes & Shel
ton, 1962; Saxena, 1963; Qasim e/ al., 1966; Johansen, 
1970; Steen, I970), no paper relates the surfacing fre
quency to the total metabolic level of an air-breathing 
fi sh. Fig. 9 shows direct and good correlations between 
rate of food / fish energy input and O2 upta ke in the feeding 
and starving 0. striarus as functions of ration, aquarium 
depth, P02, temperature and body weight. Incidentally, 
the almost ve rtical trend obtained for the O2 uptake vs 

rate of fish energy input reveals the remarkable ability of 
the starving fish to economize its metabolic expenses. 
T herefore, the data obtained in the present study on the 
behavioural activities associated with air-brea thing habit, 
namely, surfacing, hanging and swimming have been 
correlated with the respective 0 2 uptake for the series 
tested different aquarium depths and temperatures in 
Fig. 10, from which the following conclusions may be 
drawn: 

"'( 

I . With increasing 0 2 uptake, the surfacing frequency 
and swimming activity increased more or less linearly, 
and hanging duration decreased. An except ion is the 
series at 17° C, which consumed less than 0-4 ml 0 2/ g / hr 
and still hung only for about I hr Iday , although they were 
expected to hang for 12 hr / day (Fig. lob). A second ex
ception is the series at 37°C, which exhibited'S' shaped 
trends for the O2 uptake-swimming distance relationship 
(Fig. roc & d) and 2. In all cases, the values obtained for 
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Fig. 10. Metabolic ra te as functions of surfacing frequency (panel a) and hanging duration (panel b) in the feeding (re
prese nted in closed symbols) and starving (represented in open symbols) Ophiocephalus Siriatus reared at diffe rent 
temperatu re levels. T he relations hips between metabolic rate and distance travelled in (he fed and starved 0. slrialUS 
rcared at different temperatures are give n in panels c and d. For each temperature, the 5 values represent {he perfor-

mance of fishes lested at different aqua riu m depths. 
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the starving fish exposed to different temperatures and 
depths of aquarium fell closely in the left corner of the 
graph and those of the feeding series occupied a greater 
area in the right side. This clearly shows that feeding ele
vates O2 uptake, and the O 2 uptake, in turn, triggers off 
frequent surfacing, which results in greater swimming 
activity. 

For want of comparable literature on temperature 
effects on food utilization in the tropical fis hes, a dis
cussion on the results obtained on the effects of tempera
ture on food utilization of 0. striatus has not been made. 
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