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Abstract 

The metabolic rate of Nile tilapia (Oreochromis niloticus) was determined at 30°C in 
relatively large respirometers. Fish were fed at five ration levels (2, 4, 6, 8 and 10% body 
weight per day). The weight of fish ranged from 5.0 to 7.9 g. Both total and feeding (total 
minus fasting) metabolic rates increased linearly with increased rate of food consumption. 
As ration increased from 2 to 10%, the proportion of food energy spent in feeding 
metabolism decreased from 32.33 to 16.43%, and that spent in total metabolism 
decreased from 61.80 to 23.19%. 
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ctifficult to quantify. Thus, several terms are used to express approximations of 

Rs, e.g., routine metabolism, lower routine metabolism, resting metabolism and 

fasting metabolism (Jobling 1994). In this paper, we used the concept of From 

and Rasmussen (1984) and divided total metabolism into fasting and feeding 

metabolism. Fasting metabolism is defined as the metabolic rate of fasting, 

undisturbed fish, and any post-prandial increase over the fasting level is feed

ing metabolism. In most studies, it was assumed or found that SDA (or more 

properly, feeding metabolism, in studies where activity cost was not separated) 

is a constant proportion of food energy (Muir and Niimi 1972; Beamish 197 4; 

Miura et al. 1976; Jobling 1981; Y arzhombek et al. 1983). Several studies have 

shown that feeding metabolism increases with increased ration level (Brett 

1976; Hogendoorn 1983; From and Rasmussen 1984). 

Tilapia is a widely cultured fish, and numerous reports on its metabolism 

or oxygen consumption have been published (Ahmed and Magid 1969; Farmer 

and Beamish 1969; Magid and Babiker 1975; Zhang et al. 1982; Ross and Ross 

1983; De Silva et al. 1986; Meyer-Burgodorff et al. 1989; Becker and Fishelson 

1990; Yamamoto 1992; Fernandes and Rantin 1994). Most of these reports 

studied metabolism in relation to body size, swimming speed and salinity, etc.; 

and many studied fasting metabolism. Almost all were carried out in relatively 
small respirometers or channel respirometers. Only one study (Meyer

Burgodorff et al. 1989) dealt with metabolism at different ration levels, using 
only narrow ranges of rations (around the maintenance level). No data was 

available for feeding metabolism or SDA at feeding level from starvation to 

satiation or next to satiation. In a previous study, the proportion of food en

ergy spent in feeding metabolism was shown to be lowest at an intermediate 

ration level, and to increase at lower and higher rations (Xie et al., in press). 

However, metabolism was indirectly calculated from energy budget. Most stud

ies on the metabolic rates of different fish have confined fish in relatively small 

respirometers, and the rates thus determined may not be representative of the 

level in aquarium conditions. This experiment examined the effects of ration 
level on the metabolic rate of Nile tilapia (Oreochromis niloticus) determined 

using relatively large respirometers to simulate aquarium conditions. 

Materials and Methods 

Semi-closed respirometers were used. Each respirometer had a 20-1 vol

ume, and was of clear plexiglass with an opening on top, which could be 
sealed. The respirometers were immersed in a water bath of 30"C and could be 
flushed with well-oxygenated water from a reservoir pre-heated to 30°C. 

Dechlorinated tap-water was used. 
A practical-type diet was used, whose formulation and nutrient composi

tion are shown in Table 1. The diet was prepared by pelleting, and stored at 

4°C before use. 

Chemical analysis was done on the feed. Dry matter was determined after 
the sample was oven-dried to constant weight at 105°C. Crude protein was 
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consumption by the fish. Metabolic rate in oxygen consumption was calculated 
as: 

Total metabolism = oxygen consumption on feeding day - BOD 
Fasting metabolism = oxygen consumption on fasting day - BOD 
Feeding metabolism = total metabolism - fasting metabolism 

Metabolic rates in terms of oxygen consumption were converted into en
ergy using the oxy-calorific coefficient of 13.54 J • mg-1 0

2 
(Elliott and Davison 

1975). 
Least-squares regression was used to develop relationships between meta

bolic rates and rate of food consumption. Analysis of variance was used to 
analyze the differences among ration groups. The Newman-Keuls test was used 
for multiple comparison of means. 

Results 

Fasting metabolic rate (Rfa) per unit weight was not significantly differ
ent among ration groups (Table 2). Total metabolic rate (R), feeding metabolic 
rate (Rfe) and the R/Rfa ratio increased linearly with increased feeding rate, 
while the proportions of food energy spent in total and feeding metabolism de
creased with increased feeding rate. Regression analysis showed the following 
relationships between metabolic parameters and feeding rate (C: J g·1 d·1) (Figs.
1 and 2): 

Total metabolism ( J g·1 d· 1): 

R = 134.60+o.14C (r'=0.82) 

Feeding metabolism ( J g-1 d· 1): 

Rfe = 53.2+o.13C (r2=0.89) 

Ration level significantly affected the proportions of food energy spent in 
total and feeding metabolism. As ration increased from 2 to 10%, the propor
tion of food energy spent in total metabolism decreased from 61.8 to 23.2%, 
and that spent in feeding metabolism decreased from 32.3 to 16.4% (Table 2). 

Table 2. Effects of ration level on metabolic rates of tilapia1 ,2 . 

Ration level 2 4 6 8 10 ANOVA 

(g•I00g BW·1•d·1)

C (J•g·1•d·') 293.5 587.0 880.5 1174.0 1467.5 

Rfa (J•g·1•d·1) 86.49±6.73 89. 74±5.35 84.11±12.85 98.27±3.28 99.28±1.90 P>0.05

Rfe/C (%) 32.33±2.37 21.81±1.26 17.38±1.08 17.92±0.48 16.43±0.64 P<0.05 

RIC(%) 61.80±1.30 37.l0±1.16 26.93±2.35 26.30±0.25 23.19±0.70 P<0.05 

R/Rfa 2.16±0.19 2.47±0.16 2.95±0.20 5.16±0.30 3.43±0.09 P<0.05 

1Mean ± SE. 
2 C: food consumption; Rr

a
: fasting metabolism; Rr

e
: feeding metabolism; R: total metabolism. 







161 

partly by the Natural Science Foundation of Hubei Province and the State Key 

Laboratory for Freshwater Ecology and Biotechnology of China. 

References 

Ahmed, N.D. and A.M.A. Magid. 1969. Oxygen consumption in Tilapia niloticus (L.). 

Hydrobiologia 33: 513-522. 
AOAC. 1984. Official methods of analysis of the Association of Official Analytical Chemists. 

14th edition. Association of Official Analytical Chemists, Inc., Arlington. 1141 pp. 
APHA.1975. Standard methods for the examination of water and wastewater. 14th Edition. 

American Public Health Association, Washington, D.C. 
Beamish, F.W.H. 1974. Apparent specific dynamic action of largemouth bass Micropierus 

salomoides. Journal of the Fisheries Research Board of Canada 31: 1763-1769. 
Becker, K. and L. Fishelson. 1990. Metabolic rate and growth potential of various tilapias. 

Journal of Applied Ichthyology 6: 51-58. 
Brett, J.R. 1976. Feeding metabolic rates of young sockeye salmon, Oncorhychus nerka, in 

relation to ration level and temperature. Fisheries of Marine Service Research of De
velopment Technology and Reproduction 675: 43. 

Brett, J.R. and T.D.D. Groves. 1979. Physiological energetics. In: Fish physiology Vol. 8 
(eds. W.S. Hoar, D.J. Randall and J.R. Brett), pp. 270-352. Academic Press, New 
York. 

Cui, Y. and J. Liu. 1990. Comparison of energy budget among six teleosts. II. Metabolic 
rates. Comparative Biochemistry and Physiology 97A: 169-174. 

De Silva, S.S., S. Premawanca and C.N. Keembiyahetty. 1986. Oxygen consumption in 
Oreochromis niloticus (L.) in relation to development, salinity, temperature and time 
of day. Journal of Fish Biology 29: 267-277. 

Du Preez, H.H., A. McLachlan and J.F.K. Marais. 1988. Oxygen consumption of two 
nearshore marine elasmobranches, Rhinobatos annulatus (Muller and Henle, 1841) 
and Myliobatos aquila (Linnaeus, 1758). Comparative Biochemistry and Physiology 
89A 293-294. 

Elliott, J.M. and W. Davison. 1975. Energy equivalents of oxygen consumption in animal 
energetics. Oecologia 19: 195-201. 

Farmer, G.J. and F.W.H. Beamish. 1969. Oxygen consumption of Tilapia nilotica in rela
tion to swimming speed and salinity. Journal of the Fisheries Research Board of 
Canada 26: 2807-2821. 

Fernandes, N.M. and F.T. Rantin. 1994. Relationships between oxygen availablility and 
metabolic cost of breathing in Nile tilapia (Oreochromis niloticus ). Aquaculture 127: 
339-346.

From, J. and G. Rasmussen. 1984. A growth model, gastric evaluation, and body composi
tion in rainbow trout, Salmo gairdneri Richardson, 1836. Dana 3: 61-139. 

Fry, F.E.J. 1971. The effect of environmental factors on the physiology of fish. In: Fish 
physiology (eds. W.S. Hoar and D.J. Randall), pp. 1-98. Academic Press Inc., New 
York and London. 

Hamada, A. and W. Meada. 1983. Oxygen uptake due to specific dynamic action of the carp, 
Cyprinus carpio. Japanese Journal of Limnolology 44: 225-239. 

Hamada, A., W. Meada and S. Akano. 1985. Changes in the metabolic rate and quantity of 
organic acids in the hepatopancreas of the carp, Cyprinus carpio, following feeding. 
Japanese Journal of Limnology 46: 1-7. 

Hogendoorn, H. 1983. Growth and production of the African catfish, Clarias lazera (C. & 
V.). III. Bioenergetics relations of body weight and feeding level Aquaculture 35: 1-
17. 

Jobling, M. 1981. The influence of feeding on the metabolic rate of fish: a short review. 
Journal of Fish Biology 18: 385-400. 

Jobling, M., 1994. Fish bioenergetics. Chapman and Hall, London. 
Jobling, M. and P.S. Davis. 1980. Effects of feeding on metabolic rate, and the specific 

dynamic action in plaice, Pleuronectes platessa L .. Journal of Fish Biology 16: 
629-638.



162 

Livingston, R.J. 1968. A volumetric respirometer for long-term studies of small aquatic ani
mals. Journal of the Marine Biological Association of the United Kingdom 48: 485-497. 

Magid, A. and M.M. Babiker. 1975. Oxygen consumption and respiratory behaviour in 
three Nile fishes. Hydrobiologia 46: 359-367. 

Marias, J.F.K. 1978. Routine oxygen consumption of Mugil cephalus, Liza dumerili and L. 

richardsoni at different temperatures and salinities. Marine Biology 50: 9-16. 
Meyer-Burgodorff, K.-H., M. F. Osman and K.D. Gunther. 1989. Energy metabolism in 

Oreochromis niloticus. Aquaculture 79: 283-291. 
Miura, T., N. Suzuki, M. Nagoshi and K. Yamamura. 1976. The rate of production and food 

consumption of the biwamusa, Oncorhynchus rhodurus, population in Lake Biwa. 
Research in Population Ecology, Kyoto University 17: 135-154. 

Muir, B.S. and A.J. Niimi. 1972. Oxygen consumption of the euryhaline fish, aholehole 
(Kuhlia sandivicensis) with reference to salinity, swimming and food consumption. 
Journal of the Fisheries Research Board of Canada 26: 67-77. 

Ross, L.G., R.W. McKinney, S.K. Cardwell, J.G. Fullarton, S.E.J. Roberts and B. Ross. 
1992. The effects of dietary protein content, lipid content and ration size on oxygen 
consumption and specific dynamic action in Oreochromis niloticus L. Comparative 
Biochemistry and Physiology 103A: 537-578. 

Ross, B. and L.G. Ross. 1983. The oxygen requirements of Oreochromis niloticus under 
adverse conditions. Proceedings of the International Symposium on Tilapia in Aquac
ulture: 134-143. Tel Aviv University, Israel. 

Schalles, J.F. and T.E. Wissing. 1976. Effects of dry pellet diets on the metabolic rates of 
bluegill (Lepomis macrochirus). Journal of the Fisheries Research Board of Canada 
33: 2443-2449. 

Soofiani, N. M. and A. D. Hawkins. 1982. Energetic cost at different levels of feeding in ju
venile cod, Gadus morhua L. Journal of Fish Biology 21: 577-592. 

Warren, C. E. and G. E. Davis. 1967. Laboratory studies on the feeding, bioenergetics, and 
growth of fish. In: The biological basis of freshwater fish production (ed. S.D. 
Gerking), pp. 175-214. Blackwell Scientific Publications, Oxford. 

Xie, $., Y. Cui, Y. Yang and J. Liu. 1997. Energy budget of Nile tilapia, Oreochormis 
niloticus, in relation to ration size. Aquaculture 154:tS7-68. 

Yamamoto, K-1.-1992. Relationship of respiration to body weight in the tilapia Oreochromis 
ni loticus under resting and normoxic conditions. Comparative Biochemistry and 
Physiology 103A: 81-83. 

Yarzhombek, A.A., T.V. Shcherbina, N.F. Shmakov and A.G. Gusseynov. 1983. Specific dy
namic effect of food on fish metabolism. Journal of Ichthyology 23: 111-117. 

Zhang, Z. 1982. Oxygen consumption by Nile tilapia. Journal of Fisheries of China 6: 369-
377. (In Chinese.)

Manuscript received 29 August 1996,· accepted 16 June 1997. 


