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ABSTRACT 

Reddy, S.R. and Katre, S., 1979. Growth rate and conversion efficiency of the air- 
breathing catfish, Heteropneustes fossilis, in relation to ration size. Aquaculture, 18: 
35-40. 

Effects of different feeding rates (O-20% live body weight) on food intake, growth 
and conversion efficiency of Heteropneustes fossilis were studied using the oligochaete 
worm Tubifex tubifex as food. An amount of worm substance equivalent to 12.73% live 
body weight/fish day“ represents the maximum amount which a 4.015 t 0.340-g H. fos- 
silis can consume under laboratory conditions. Geometrically derived feeding rations of 
12, 40 and 130 mg/g live fiih day-’ represent the maintenance, optimum and maximum 
levels for H. fossilis. The SDA (specific dynamic action) increased from 14 mg/g day-’ at 
optimum to 70 mg/g day“ at maximum feeding rate. 

INTRODUCTION 

Knowledge about the metabolic demands of maintenance, growth and 
other activities of fish is essential to understand the energy budget and pro- 
duction processes of fish both in nature and in culture in captivity (Winberg, 
1956; Gerking, 1971,1972; Brett, 1971; Pandian, 1975; Vivekanandan, 
1976). While there are a considerable number of publications concerning the 
effects of feeding rates on growth (Gerking, 1955,1971; Pandian, 1967; 
Brett et al., 1969; Andrews and Stickney, 1972; Pandian and Raghuraman, 
1972), similar studies have not been extended to the siluroid fishes, which 
are found to adapt well to artificial conditions (Bardach et al., 1972) and 
have a high food value. Hence, the present study was undertaken to deter- 
mine the effect of different feeding rates on growth and conversion efficien- 
cy of the air-breathing siluroid fish Heteropneustes fossilis (Bloch). Studies 
of this sort contribute towards a better understanding of the food require- 
ment of natural populations of the species as well as providing useful infor- 
mation for further fish culture practices. 
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MATERIAL AND METHODS 

Juvenile freshwater air-breathing catfish, Heteropneustes fossilis, were col- 
lected from the Vartur tank (near Bangalore) and stocked in the laboratory. 
Juveniles in the size range of 3.933-4.693 g were selected from this stock 
for use in the feeding experiments. A series of nine different feeding levels 
were offered to the experimental individuals. At each level of feeding, five 
groups of three fish each were tested. The fish in each group were kept in an 
aquarium containing 20 1 of fresh water. As the depth of the water column is 
known to influence the food intake in H. fossilis (Arunachalam et al., 19’76), 
in the present experiments this was maintained at 15 cm. The feeding experi- 
ments were carried out at 25 +_ 2” C. The fish were fed daily on live Tubifex 
tubifex with rations ranging from 0 to 20% of their initial body weight, i.e. 
0, 1, 3, 5, 8, 10,12, 15 and 20% of live body weight/day. The regime was 
continued for 30 days at the end of which the fish were sacrificed and 
weight changes were recorded. 

RESULTS 

Food in take 

Of the different ration levels offered, the latter three groups of Hetero- 
pneustes fossilis could consume a maximum of 12, 12.73 and 11.06% of live 
body weight/day, respectively (Table I). Apparently an amount of worm 
substance equivalent to 12.73% live body weight/fish day-’ represents the 
maximum amount which a 4.051 f 0.340-g H. fossilis can consume under 
laboratory conditions; i.e. 127.26 mg/g live fish day-’ (Table I). 

TABLE I 

Effect of different feeding levels on the food intake, growth and conversion efficiency of 
Heteropneustes fossilis (mean * SD) 

Ration level Food accepted Feeding rate Growth Conversion 
(W initial live body (% initial live body (mglg live fish (II;!; live fish efficiency 
weight of fish) weight/day) day-‘) (%) 

~____ 
0 0.00 - - 4.90 + 0.935 _ 
1 1.00 9.98 f 1.710 - 5.62 i- 2.147 _ 
3 3.00 30.00 ? 2.691 + 6.98 * 1.216 23.28 ?- 2.336 
5 5.00 50.00 f 4.116 + 9.40 + 0.852 18.84 f 1.761 
8 8.00 79.94 * 2.319 + 10.50 f 1.305 13.16 + 0.967 

10 10.00 100.00 f 3.478 + 14.35 + 1.516 14.32 * 2.642 
12 12.00 120.00 * 3.372 + 16.09 * 1.372 13.42 * 1.254 
15 12.73 127.26 f 4.725 + 14.76 f 1.323 11.65 + 0.455 
20 11.06 110.59 + 3.466 + 10.90 * 1.045 9.86 + 1.981 
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Growth 

The amount of live substance gained or lost by the experimental fish after 
the 30-day feeding period was calculated and expressed as mg live substance 
gained or lost/unit weight of fish day-’ (Table I). The group which received 
no food exhibited an average loss of 4.90 mg/g live fish day-‘, while the 
group fed on 1% ration lost 5.62 mg/g live fish day-‘. This difference was 
found to be statistically insignificant. The loss in body weight in either of 
these two groups of fish may be due to the oxidation of fat and protein, as 
observed in Lepomis macrochirus (Savitz, 1971) and Tilapia mossambica 
(Pandian and Raghuraman, 1972). Growth was exhibited by fish in all other 
ration groups, reaching a maximum of 16.09 mg/g live fish day-’ in fish 
which received food at 12% live body weight/day (Table I). Beyond this level 
of feeding the growth rate decreased considerably. 

The relation of growth to feeding rate for H. fossilis is presented graphi- 
cally in Fig. 1. From this it is evident that 12.0, 40.0 and 130.0 mg/g live 
fish day-’ represent the maintenance (the point at which the curve cuts the Y 
axis, see Fig. 1, where there is neither gain nor loss in original body weight), 
optimum (where food conversion is best), and maximum levels, respectively. 

Food conversion 

Conversion efficiency (K,) was expressed as a percentage and calculated as 
described by Katre and Reddy (1978). The highest efficiency (23.28%; 

Fig. 1. Heteropneustes fossilis: geometric derivation of maintenance, optimum and 
maximum feeding rates. 



38 

FEEDING LEVEL 

( fe Body weight) 

40 

t 

Fig. 2. Heteropneustes fossilis: energy budget at different feeding levels. 

Table I) was observed in fish receiving food at the rate of 3% body weight/day. 
Beyond this ration level the efficiency of food conversion decreased steadily. 

Fig. 2 presents the quantitative relations of feeding rates to the food 
energy absorbed, metabolized and converted into body substance in H. fos- 
silis. The absorption efficiency was not directly estimated but assumed to be 
80% of food consumed (Winberg, 1956). As the maintenance ration had 
been estimated for H. fossilis (see Fig. l), assuming that the energy required 
for maintenance remained the same for all feeding levels, the level of ‘spe- 
cific dynamic action’ (SDA) (Brody, 1945; Beamish et al., 1975) or calori- 
genie effect (Kleiber, 1961) could be calculated. The estimated SDA of H. 
fossilis was 14 mg/g day-’ for fish feeding at the optimum level (Fig. 2). This 
SDA increased 5 fold (70 mg/g day-‘) at the maximum level of feeding, indi- 
cating that the energy cost of converting food into body substance increased 
at higher feeding levels. 

DISCUSSION 

It is evident from the above results that a 4.015-g Heteropneustes fossilis 
can consume a maximum of 127.26 mg/g live fish day-‘. This value is com- 
parable to the value of 120 mg/g day-’ for Gusteros teus aculeatus (Beukema, 
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1968). This value is higher than the value reported for another freshwater 
air-breathing fish OphicephaZus striatus (70 mg/g day-‘; Pandian, 1967) and 
the euryhaline fish Tilapia mossambica (65 mg/g day-‘; Pandian and 
Raghuraman, 1972), but appears to be lower compared to the reported value 
of 157.6 mg/g day-’ for the non air-breathing freshwater catfish My&us uit- 
tutus (Arunachalam, 1978) and 190 mg/g day-’ for Cichlosoma bimaculatum 
(Hari Sethi, 1970). Perhaps the lower feeding rate exhibited by H. fossilis at 
the maximum feeding level may be due to the ‘surfacing activity’ of the air- 
breathing fish as compared to the non air-breathing M. uittatus. 

The present weight range of H. fossilis (4.015 g) is closely comparable to 
the 4.0-g Ictalurus punctatus studied by Andrews and Stickney (1972). I. 
punctatus fed at 2,4 and 6% of the fish body weight at 26” C were reported 
to grow at the rate of 19.05, 38.09 and 47.62 mg/g day-‘, respectively (re- 
calculated from Andrews and Stickney, 1972). Compared to these values, 
the present value for growth rate obtained for H. fossilis at feeding levels of 
2% (3.6 mg/g day-‘), 4% (8.6 mgfg day-‘) and 6% (10.0 mgfg day-‘) are 
markedly less. The low rate of production may be due to the quality of food 
offered (Fischer, 1970), and suggests that Tubifex tubifex, though known to 
be highly nutritional (Galinat, 1960) and easily digested by fish (Mann, 
1935), may not meet the total nutrient requirement of the fish. A composite 
pelleted food, as used by Andrews and Stickney (1972), may be more nutri- 
tional and yield better growth in fish. 

Irrespective of the water temperature, I. punctatus showed the best food 
conversion ratios at 2% ration level (Andrews and Stickney, 1972). Similarly, 
better conversion efficiency (23.28%) for H. fossilis was exhibited at the 
lower feeding level of 3% than at higher feeding levels. The significant de- 
crease in conversion efficiency of H. fossilis at higher feeding levels may be 
due to the increased SDA (Fig. 2), and/or probable evacuation of the un- 
digested food by the fish, and/or excess swimming activity due to surfacing 
(see also ArunachaIam et al., 1976). 

REFERENCES 

Andrews, J.W. and Stickney, R.R., 1972. Interactions of feeding rates and environmental 
temperature on growth, food conversion and body composition of channel catfish. 
Trans. Am. Fish. Sot., 101 (1): 94-99. 

Arunachalam, S., 1978. The Energetics of Feeding and Body Composition of a Fresh- 
water Catfish. M. Phil. dissertation, Bangalore University, 77 pp. 

Arunachalam, S., Vivekanandan, E. and Pandian, T.J., 1976. Food intake, conversion and 
swimming activity in the air-breathing catfish Heteropneustes fossilk Hydrobiologia, 
51(3): 213-217. 

Bardach, J.E., Ryther, J.H. and McLarney, O., 1972. Aquaculture: The Farming and 
Husbandry of Freshwater and Marine Organisms. Wiley Interscience, New York, N.Y., 
868 pp. 



40 

Beamish, F.W.H., Niimi, A.J. and Lett, P.F.K.P., 1975. Bioenergetics of teleost fishes: 
environmental influences. In: L. Bolis, H.P. Maddrell and K. Schmidt Nielsen 
(Editors), Comparative Physiology - Functional Aspects of Structural Materials. North 
Holland, Amsterdam, London, New York, N.Y., pp. 187-209. 

Beukema, J.J., 1968. Predation by the threespined stickleback (Gasterosteus aculeatus 
L.), the influence of hunger and experience. Behaviour, 31: l-126. 

Brett, J.R., 1971. Satiation time, appetite and maximum food intake of sockeye salmon 
(Oncorhynchus nerka). J. Fish. Res. Board Can., 28: 409-415. 

Brett, J.R., Shelbourn, J.E. and Shoop, C.T., 1969. Growth rate and body composition of 
fingerling sockeye salmon Onchorhynchus nerka in relation to body temperature and 
ration size. J. Fish. Res. Board Can., 26: 2363-2394. 

Brody, S., 1945. Bioenergetics and Growth. Reinhold, New York, N.Y., 1023 pp. 
Fischer, Z., 1970. Some remarks about the food ration. Polskie Archiwum Hydrobio- 

logh., 17 (30) l/2: 177-182. 
Galinat, A., 1960. Experimental studies on the utilization of natural food by young cru- 

cian (Carassius carassius L.) and tenth (Tinca tinca). Polskie Archiwum Hydrobio- 
logh., 8: 129-152. 

Gerking, S.D., 1955. Influence of rate of feeding on body composition and protein 
metabolism of bluegill sunfish. Physiol. Zool., 28: 267-282. 

Gerking, SD., 1971. Influence of rate of feeding and body weight on protein metabolism 
of bluegill sunfish. Physiol. Zool., 44: 9-19. 

Gerking, S.D., 1972. Revised food consumption estimates of bluegill sunfish populations 
in Wyland lake, Indiana, U.S.A. J. Fish Biol., 4: 301-308. 

Hari Sethi, S., 1970. Temperature and Bioenergetics of Cichlosoma bimaculatum.Ph.D. 
thesis, Oregon University, Corvallis. 

Katre, S. and Reddy, S.R., 1978. Environmental restraints on the food intake, growth and 
conversion efficiency of Gambusia affinis: influence of availability of food. J. Comp. 
Physiol. Ecol., 3(4): 258-261. 

Kleiber, M., 1961. The Fire of Life - an Introduction to Animal Energetics. Wiley, New 
York, N.Y., 454 pp. 

Mann, H., 1935. Untersuchungen ilber die Verfolgung und Ausnutzung der Stickstoff- 
substanz einiger Nahrtiere durch verschiedene Fische. Z. Fish., 33: 231-274. 

Pandian, T.J., 1967. Intake, digestion, absorption and conversion of food in the fishes 
Megalops cyprinoides and Ophicephalus striatus. Mar. Biol., 1: 16-32. 

Pandian, T.J. and Raghuraman, R., 1972. Effects of feeding rate on conversion efficiency 
and chemical composition of the fiih Tilapia mossambica. Mar. Biol., 12: 129-136. 

Pandian, T.J., 1975. Mechanisms of heterotrophy: In: 0. Kinne (Editor), Marine Ecology. 
Vol. II, Part I, Wiley Interscience, New York, N.Y., pp. 61-212. 

Savitz, J., 1971. Effects of starvation on body protein utilization of bluegill sunfish 
(Lepomis macrochirus) with a calculation of caloric requirements. Trans. Am. Fish. 
sot., 100: 18-21. 

Vivekanandan, E., 1976. Effects of feeding on the swimming activity and growth of Ophi- 
cephalus striatus. J. Fish. Biol., 8: 289-292. 

Winberg, G.G., 1956. Rate of Metabolism and Food Requirements of Fishes. Belorussian 
State University, Minsk, 251 pp. (Fish. Res. Board Can. Transl. Serv., No. 194.) 


