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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. 
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