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Abstract 

The diel feeding pattern, electivity and ration of tilapia, Oreochromis spp. (4.3-9.3 and 
9.5-13.8 cm total length) were investigated to determine the ontogenetic shifts in diet and 
the importance of habitat on diet and feeding along with water quality characteristics from 
a nursery pond and a ricefield in Bangladesh. Feeding activity was continuous with diurnal 
variation in stomach content and per cent of fish feeding. Small tilapia were more active 
feeders than large ones. Both sizes exhibited a single feeding peak around afternoon-dusk 
in the pond but irregular feeding peaks in the ricefield. Stomach content did not differ 
qualitatively with size, ontogenetic shift in diet apparently was lacking, although resource 
exploitation was different in the two habitats. Periphytic detrital aggregate was the 
principal diet in the paddy field while filamentous and colonial algae (Anabaena sp. and 
Melosira sp.) occurring as periphytic epipelon were the main food in the pond. Zooplankton 
was an insignificant dietary component in both habitats. Oreochrornis spp. was found to be 
an omnivorous opportunistic-generalistic benthophagic browser or surface grazer. Its 
detritivory should not be confused with iliophagy. Feeding intensity and food consumption 
decreased with the increased fish size. Daily rations for small and large fish were 
estimated at 2.2 and 2.3% of bw in the pond and 0.91 and 0.45% of bw in the paddy field. 
Stomach content was computed to be completely evacuated in about 9-13 h in the pond 

and 1-4 h in the paddy field at water temperatures of 29.0-33.3°C. Total plankton density 
was higher in the pond than in the ricefield. Phytoplankton densities were higher in the 
pond while zooplankton densities were higher in the ricefield. Water quality properties 
were well within the acceptable ranges for aquaculture in both habitats. Lack of an 
ontogenetic dietary shifts suggest that caution should be taken in mixed-size rearing of 
tilapia. 



Introduction 

Integrated agriculture-cum-aquaculture in the same land and water re

source seems to hold the best promise to augment and resurrect per unit rice 

and fish yield in developing Asian countries. Resource-poor marginal farmers 

in Asia, including Bangladesh, are reluctant to choose the high technology 

systems of the West for obvious reasons and prefer culturing herbivorous, 

omnivorous, planktivorous and detritivorous fishes in the concurrent rice-fish 
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systems and seasonal ponds because the stocked fishes utilize both 
autochthonous and allochthonous food sources. 

Food and feeding habits are important biological factors for stocking fish 

in any type of water body where competition for food and maximum utilization 

of all available food in the water column is desired. Feeding varies with the 

time of day as well as season, and is of great theoretical and practical impor

tance to understand the daily meal of fishes. Changes in · sunshine photoperiod 

and physico-chemical condition influence available forage, both qualitatively and 

quantitatively, and also food ingestion, digestion and gastric evacuation by fish. 

The tilapias 0reochromis mossambicus [(Peters) and 0. niloticus

(Linnaeus) (Perciformes:Cichlidae)] are exotic fish in Bangladesh and were in

troduced in 1954 and 197 4, respectively, from Thailand (Rahman 1989). They 

are now widely cultured in ponds, seasonal water bodies and rice paddies. The 

available reports on the diets of tilapia in ponds in Bangladesh are the works 

of Doha and Haque (1966), Dewan et al. (1977, 1985), Saha and Dewan (1979) 

and Dewan and Saha (1979). 

Studies on the diets of tilapia from various habitats in different countries 

have indicated that both 0. mossambicus and 0. niloticus are omnivorous. 

However, some controversy remains with regard to feeding habits and resources 

exploited. In some cases, 0. mossambicus were found to be detritivorous (Vass 

and Hofstede 1952; Bowen 1981; Hofer and Newrkla 1983; Otto Infante 1985; 

Bitterlich 1985) while, in other cases, they were found to prefer phytoplankton 

and aquatic macrophytes (Doha and Haque 1966; Premjith et al. 1987; 

Dempster et al.· 1993). Contrarily, 0 niloticus were reported as phytophagous 

(Yashouv and Chervinski 1961; Moriarty 1973; Harbott 1982; Getachew 1987; 

Khallaf and Alne-na-ei 1987), while Saha and Dewan (1979), Dewan and Saha 

(1979), and Chapman and Fernando (1994) reported 0. niloticus having prefer

ences for detritus. In both species, food items of animal origin were of less im

portance in the gut contents. 

The present study was undertaken to ascertain the diets, consumption 

and digestion rate of forage items and daily ration of two sizes of Oreochromis

spp. (0. mossambicus x 0. niloticus natural hybrid) along with the water 

chemistry both in the pond and paddy field. A step toward further understand

ing of the feeding dynamics and the impact of the tilapia can be gained when 
the daily feeding pattern of various sizes are investigated, and may contribute 

to an empirical basis for improved fish productivity through better manage

ment and stocking practices. 

Materials and methods 

The present work was carried out at the Riverine Station, Chandpur, of 

the Fisheries Research Institute of Bangladesh during 13-15 July 1995 in a 

nursery pond and 19-21 July 1995 in an experimental paddy field using two 

size (small and large) categories of fish. The fish, sub-surface plankton and 

water from both the pond and paddy field were sampled every 3 h for 48 h to 
analyze their gut contents along with the available natural food and 

physicochemical conditions of the water. 
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Site preparation and fish stocking 

Pond: The pond was a nursery type, about 1,620 m2 in size (water area 
990 m2), 1.85 m in maximum depth and was kept weed-free for easy netting. 
The pond was prepared in June 1995 by completely drying, liming (250.0 kg· 
ha·1) and manuring once (cow-dung 10.0 t· ha·1, urea 16.0 kg· ha·1 and triple
super phosphate 32.0 kg· ha·1). Two sizes of Oreochromis spp_ juveniles col
lected from the Riverine Station's other nursery ponds were stocked at a total 
density of 7.0 juveniles· m2 (3465 individuals of each size). Before stocking in 
the pond, fishes were kept in a flow-through system for 48 h to completely 
empty their gut contents. The small fishes were 4.3-9.3 cm in total length 
(TL) and 1.6-15.5 g in weight and the large fishes were 9.5-1.5 cm in TL and 
14.4-46.4 g in weight. Prior to stocking in the pond, the fish had been fed a 
supplemental feed composed of 40% rice bran, 40% wheat bran and 20% fish 
meal at 2-5% of bw but not during our experiment. Two days after stocking, 
10 fishes of each size were sampled every 3 h for 48 h with a cast net (3x6 
m, mesh 0.5 cm). In total, 320 fishes (160 of each size) were collected. 

Paddy field: Paddies (transplant aman: Paijam - a local variety of Oryza 

sativa) were planted in an experimental field of 166 m2
, having a refuge canal 

of 1.0 m breadth and 0.5 m depth on one side of the plot, according to 
farmer's standard practice (Haroon et al. 1989). Once the paddy tillers reached 
a height of 0.5 m and the field conditions established were as close as possible 
to those of natural wet-season paddies (water depth of 0.25 m in the paddy field 
and 0.70 m in the refuge), the two sizes of Oreochromi.s spp. juveniles procured 
from the Riverine Staiion's other nursery ponds were stocked at a total density 
of 7.0 juveniles·m·2 (581 individuals of each size). Stocked fishes were treated 
as for the nursery pond, prior to release in the ricefield. The fish had been fed 
a similar supplemental feed at similar rates prior to the experiment but not 
during the study. The small fishes were 4.9-8.0 cm in TL and 1.9-8.2 g in 
weight and the large fishes were 10.3-13.8 cm in TL and 17.7-46.2 gin 
weight. A similar 48 h sampling regime was followed but using a knotless 
nylon hapa net (3x2xl.5 m, mesh 0.5 cm) for capture. A total of 320 fishes 
(160 of each size) were sampled. 

Stomach content 

Fishes were checked immediately after capture for regurgitation (if seen, 
the fish was replaced), and preserved in 10% buffered formalin until examined. 
Each fish was measured for TL (mm), and weighed (±1 mg) using a Sartorius 
electronic balance within two weeks after collection and no correction factor for 
fixation was used. Only the anterior portion of the digestive tract lying be
tween the esophagus and the first major bend of the small intestine, just after 
the stomach, was dissected out as digestion was less advanced in this portion 
and food items remained mostly identifiable. Tilapias are reported to have a 
relatively long and coiled intestine up to 14 times the body length (Edwards 
1987), and food digestion and assimilation is completed in the first half of the 
intestine (Bowen 1981). Similar methods have also been adopted by McCamish 
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Fig 1. Best fitted 5 th order 
polynomial regression of the 
mean gut content data of two 
size classes (6 and 12 cm TL) of 
tilapia Oreochromis spp. in a 
nursery pond (13-15 July 1995) 
and a ricefield (19-21 July 1995) 
in Bangladesh showing the time 
of the day when fishes were 
assumed evacuating. The 
shaded portions of the time bar 

'-----------------------' indicate nighttime. 

where r; and P; are the relative proportion of the prey category i in the ra

tion and in the environment, respectively. Positive values indicate selection, nega

tive values indicate avoidance and values close to O indicate random ingestion. 
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Plankton 

Five 1-1 samples of surface to sub-surface water (within 0.02 m depth) 
were taken from three places of both the pond (near the bank, middle and 
other side) and the paddy field (refuge canal, middle of the field and other side) 
every three hours prior to fish sampling, filtered through a 15 mm plankton 
net, carefully washed into plastic jars and made up to a standard 200 ml vol

ume with 5% buffered formalin. Once well settled, plankton were concentrated 
in a standard 50 ml volume and preserved until examination. Three such 1-ml 
sub-samples were taken from each plankton sample and the mean numbers 
I-', relative abundance (%) and identification of each food item were done in the 
same way as for stomach content. 

Water quality 

Air and water temperature, dissolved oxygen, carbon dioxide, pH, total 
alkalinity, total hardness and ammonia-nitrogen were monitored every three 

hours prior to fish sampling in both habitats. Surface to sub-surface (0.02 m) 
water samples from three similar places in each habitat were analyzed each 
time and the mean calculated. Temperature and pH were measured by a cen
tigrade alcohol thermometer and a portable pH meter (Janeway 3060, U.K.), 
respectively. Dissolved oxygen, free carbon dioxide, total alkalinity and hardness 
(as CaCO

3
) and ammonia-nitrogen were measured by a HACH water kit 

(FF-2, U.S.A.) .. 

Statistical analyses 

Water quality, plankton and gut content data of every sampling interval 
were averaged according to size class and habitat. Two-way ANOVA were run 

on gut content values to determine feeding differences between the two size 
classes in the two habitats. Significant differences found by ANOVA were sub
jected to Newman-Keuls multiple comparison test. A linear regression was run 
between the ln-transformed gut content data and fish size to find out the slope 
of the feeding intensity (food consumption per unit bw). 

Results 

Water quality 

Pond: Air temperature ranged within 26.6-31.7°C and water temperature 
within 30.0-33.2°C. Water temperature was always higher than the air, a 
characteristic condition of the rainy season in Bangladesh. Dissolved oxygen 
content varied between 5.5 and 11.2 mg• !·1 with higher values in the prenoon,
lower values after dusk and again increasing around midnight. Free carbon 

dioxide content ranged from 11.5 to 30.6 mg•I·1 with higher values in the
early morning and lower values during the afternoon-dusk, showing an inverse 
relationship with dissolved oxygen. Water pH fluctuated within a narrow 



287 

range of 8.0-8.5 with higher values in the afternoon hours. Total alkalinity 
varied between 120.3 and 154.7 mg· 1·1 as CaCO

3 
and total hardness between 

121.0 and 158.0 mg• 1· 1 as CaCO
3 

both with higher values during sunset 
through morning hours and lower values during noon through afternoon. 
Ammonia-nitrogen ranged within 0.3 to 0.5 mg• 1·1 and could only be traced 
during sunset through next morning. 

Paddy field: Air temperature ranged from 25.3 to 30.8°C and water tem
perature from 29.0 to 33.3°C. Here also, the water temperature was always 
higher than the air temperature. Dissolved oxygen content varied between 

2.56 and 6.4 mg· J-1, having higher values around afternoon-dusk, lower values 
between sunset and predawn, and higher values again after dawn. Free carbon 

dioxide content ranged from 16.6 to 31.7 mg·J-1 with an inverse relationship 
to oxygen levels. pH also fluctuated within a narrow range of 7.0-7.5, with 
lower values during morning. Total alkalinity varied between 72.0 and 87.0 

mg· J-1 as CaCO3, with lower values once after sunset and again during early 
noon. Hardness varied from 71.0 to 91.0 mg• 1·1 as CaCO

3 
with higher values 

once in the morning and again after sunset and lower values once in the noon 

and again in midnight. Ammonia-nitrogen varied between 0.3 and 0.4 mg· 1·1 

with no obvious fluctuation. 

Feeding activity 

In both habitats, feeding activity continued throughout the day and night 
with most fishes feeding during sunlit hours and with reduced feeding activity 
during night hours. The mean index of gut fullness and gut content were gen
erally higher for the small than for the large and higher in the pond than in 

the paddy field. 
In the pond, both sizes were found to feed round the clock. Most fish fed 

from dawn to dusk while fewer fed during dusk to next sunrise. Mean index of 
stomach fullness ranged between 0.3 and 0.9 for the small fish with higher 

values during sunrise through sunset and lower values during dusk through 
next dawn (Table 1). Mean stomach content of the small fish varied between 
9.8 and 26.7 mg• g· 1 of bw with higher values during daylight hours showing 
a trend of gradual increasing feeding activity after sunrise (except at 0900 h of 
the first day of the sampling) giving a dome-shaped single feeding peak slightly 
skewed towards the dusk (Fig. 2). Mean index of stomach fullness for large fish 
ranged from 0.01 to 0.97 with higher values during sunrise through sunset 

and lower values from dusk to dawn (Table 1). Mean stomach content of the 

large fish ranged from 2.3 to 13.7 mg·g·1 of bw with lower values during

dusk to dawn and having a clearly skewed, single feeding peak around sunset 
(Fig. 2). 

In the paddy field, most fish were feeding similarly from dawn to 
dusk and fewer during dusk to dawn (Table 2). Small fish were again 
found to feed round the clock while large fish did not feed around sunrise 
(Fig. 2). Mean index of stomach fullness of the small fish ranged between 
0.01 and 0.7, with higher values during morning through afternoon and 

minimum values during 2400-0600 h (Table 2). Mean stomach content of 
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Fig. 2. Diel pattern of stomach content (mean±SEM) of two sizes of 01'eochromis spp. in the 
pond (13-15 July 1995) and paddy field (19-21 July 1995) in Bangladesh. The shaded portions of 
the time bar indicate nighttime. Note the differences in the scales of the Y-axes in the two 
figures. 

this size varied from 1.0 to 6.6 mg· g· 1 of bw, with lower values during

midnight through next sunrise, showing three possible feeding peaks, at 

0900 h, 1500 h and 2100 h (Fig. 2). Mean index of stomach fullness for 

large fish ranged from 0.01 to 0.2, peaking around 15.00 h and declining 

sharply after that. Stomachs were empty prior to sunrise (Table 2). Mean 

stomach content of this size varied between 0.5 and 2.4 mg· g· 1 of bw, with

one feeding peak at 1500 h and possibly another around midnight (Fig. 2). 
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Food consumed per unit body weight of both sizes were significantly 
higher in the pond than in the paddy field and small fish fed significantly 
more than the large ones in either habitat (two-way Anova followed by 
Newman-Keuls test, p<0.001). Linear regression of In transformed gut content 
data revealed significant decreases (p<0.0001) in feeding with the increase in 
fish size in both habitats (Fig. 3). 

Stomach content and electivity 

In the pond, both sizes consumed relatively large amounts (>95% of gut 
content) of algal matter (Table 3). There was an overall random selection of 
algae (-0.003 for the small and -0.004 for the large fishes), although Anabaena 

sp. and Melosira sp., both occurring as periphytic epipelon, and Pediostrum sp. 
occurring as plankton, were most frequently found in the stomachs. Filamen
tous green algae (Spirogyra, Rhizoclonium and Pithophora) were totally 
avoided while some of the planktonic forms of the green, blue-green and 
diatom were often positively and often negatively (though weak) selected by 
both sizes. Eugkna sp. and Phacus sp. of the Euglenoids were selected by both 
sizes and aquatic macrophytes were incidentally consumed only by the large 
fish. Small and large fish showed overall random selection (+0.11 and -0.09, 
respectively) for zooplankton, although Brachionus, Keratella and Filinia 

(Rotifers) were found in the stomachs of both sizes. Crustaceans were generally 
avoided by both sizes, and crustaceans nauplii were strongly avoided (-0. 75 in 
small and -0.63 in large) while crustacean eggs, and insects were never con
sumed by the either size (Table 3). 

In the paddy field, both sizes fed mainly on the detrital aggregates (83.4% in 

small and 99.2% in large fish), and had overall strong negative selection for zoop
lankton (-0.94 in small and -0.98 in large). Phytoplankton was negatively selected 
by both sizes (small fish -0.41, large fish -0.98). Both sizes avoided Me/osira sp. of 
the diatoms, Meri.smopedi,a sp., Anabaena sp. of the blue-greens and Phacus sp. 
of the Euglenoids. Small fish showed positive selection for Rhizoclonium, 

Athophora, Closterium and Spirogyra of the green algae while large fish chose 
small amounts of Rhizoc/onium of filamentous and Pkurotaenium of planktonic 
green algae. Macrophytes were not consumed by the either size in the paddy 
field. Of the zooplankton, small fish often randomly consumed Bosmina but se
lected crustaceans eggs. Large fish avoided all crustaceans and eggs. Unidentified 
crustaceans nauplii were avoided by both sizes. Rotifers were avoided by both 
sizes and insects were consumed (3.4%) by the small fish only (Table 3). There 
was no evidence of tilapia nibbling on the rice plant or fronds. 

Rate of gastric evacuation 

In the pond, k values varied up to 0.1 (mean 0.07). h·1 for small fish and
up to 0.16 (mean 0.10). h·1 for large fish (Fig. 1). Both sizes had maximum

evacuation after sunset. In the paddy field, k values ranged up to 0.12 (mean 
0.09)·h·1 for small fish and up to 0.20 (mean 0.14)·h· 1 for the large (Fig. 1). 
The small fish showed three possible evacuation peaks daily; at noon, at 
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Fig 3. Linear regression of In transformed gut content data versus size of Oreochromis spp. in 
the pond (13-15 July 1995) and paddy field (19-21 July 1995) in Bangladesh. 

sunset, and midnight-early morning (Fig. 2). The large fish showed a single 

evacuation peak at sunset, and almost no evacuation in the predawn hours 

(Fig. 2). Stomach contents were estimated to be completely evacuated in about 

9-13 h in the pond and in about 1-4 h in the paddy field at water tempera

tures of 29.0-33.3°C.
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Food consumption and daily ration 

C, values for small fish ranged from 1.05 to 7.3 mg•g· 1 of bw. 3 h· 1

(mean 4.1) and for large fish ranged from 2.0 to 6.9 mg•g· 1 of bw. 3 h· 1 (mean 
4.2) in the pond (Table 1). In the ricefield, C, values for small fish ranged 
from 0.06 to 6.5 mg• g· 1 of bw. 3 h· 1 (mean 1. 7) and for large fish between 
0.14 and 1.9 (mean 1.0) mg• g· 1 of bw. 3 h· 1 (Table 2). 

Both sizes fed better in the pond than in the paddy field. In the pond, the 
daily ration of small fish was calculated to be 2.2% of bw, which was about 
the same as the daily ration of large fish, 2.3% of bw. In the paddy field, the 
daily ration of small fish was calculated to be 0.9% of bw, which was twice 
that of the daily ration of the large fishes, 0.45% of bw. 

140,00 POND 
D Phytoplankton ■ Zooplankton 

-

120,00 

§ 100,00 r -

� 80,00 
r 

C 

60,00 
C 

-

40.00 

20,00 

0,00 
- - � 

6 9 1 2 15 18 21 24 3 6 9 12 1 5 18 21 24 3 

10,00 D Phytoplankton ■ Zooplankton 
PADDY 

9,00 

� 
8,00 ' -

' 
0 7,00 
e. 

f 
6,00 ' -

C 5,00 ' 

C 4,00 

3,00 C 

2,00 

1,00 

r0,00 - - � I- � � ,c - +- I- 4-- 4

6 9 1 2 15 18 21 24 3 • 9 12 15 18 21 24 3 

Time (h) 

Figure 4. Diel pattern in plankton density in the pond (13-15 July 1995) and paddy field (19-21 
July 1995) in Bangladesh. The shaded portions of the time bar indicate nighttime. Note the 
differences in the scale of the Y-axes in the two figures. 





296 

concentration of ammonia-nitrogen was about equal to the ranges usually found 
in fertilized fish ponds (Ali 1992) and was well below the level which might 
cause toxic effects (Hasan and Macintosh 1986; Boyd 1990).

Feeding activity was continuous in 0reochromis spp., with diurnal varia
tion in stomach content and per cent of fish feeding. Small tilapia were more 
active feeders than large ones. Tilapia are frequent feeders (unlike salmonids 
and catfish which can consume a big meal every 8-12 h) and because they 
have small, rudimentary, thin-walled acidic stomachs that benefit from several 
feedings per day (Lobel 1981; Lovell 1995).

The relative clear pattern of feeding activity in the pond was absent in 
the ricefield, reflecting greater reliance on periphytic detritus in the paddy field 
and periphytic epipelon in the pond. Resources exploited by the Oreochromis

spp. were different in the two habitats. In the ricefield, periphytic detrital ag
gregate was the principal dietary component of both sizes while, in the pond, 
algal m_atter, usually periphytic epipelon such as Anabaena sp., was the main 
food item. Similarly blue tilapia (0. aureus) juveniles were reported to graze on 
Anabaena sp. (McDonald 1987). In the paddy field, the diet was supplemented 
by small amounts of filamentous green algae, unidentified crustacean eggs and 
nauplii and Cypris sp. of the Ostracod. The small contribution from zooplank
ton reflects the tilapias opportunistic feeding behavior and illustrates a phe
nomenon found in other fishes, e.g. Hawaiian goby, Sicyopterus stimpsoni

(Kido 1996). This indicates the benthic feeding habit, as browser or surface 
grazer, and the importance of periphyton (epipelon) as their food. This sort of 
feeding habit was also reported earlier for 0. niloticus (Chapman and 
Fernando 1994) from Thailand. 

Feeding electivity of these size ranges indicated that 0reochromis spp. 
have apprently no ontogenetic shifts in diet in the present study and are reli
ant on the same food resources in either habitat,, with competition or dietary 
overlap between the small and large size. While other workers (Northcott and 
Beveridge 1988; Tudorancea et al. 1988; Yowell and Vinyard 1993) have found 
ontogenic dietary shifts in tilapias studying in different habitats and working 
with wider size groups. 0. niloticus do undergo a dietary shift at 3-6 cm 
(Northcott and Beveridge 1988; Tudorancea et al. 1988). It could be concluded 
that 0reochromis spp. is an omnivorous opportunistic - generalistic feeder, 
benthophytophagous in the pond but detritivorous in the paddy field. This 
detritivorous feeding habit should not be confused as iliophagy - the habit of 
eating mud which contains organic detritus and associated organisms. Closer 
examination showed no silt, mud or associated organisms. In this study, 
0reochromis spp. showed the characteristic feeding selectivity of both 0. 
mossambicus and 0. niloticus by feeding on the algae and detritus depending 
on their availability, as reported by Vass and Hofstede (1952), Bowen (1981),

Otto Infante (1985), Bitterlich (1985) for 0. mossambicus and by Dewan and 
Saha (1979) and Saha and Dewan (1979), Harbott (1982) for 0. nil.oticus. How
ever, Bishai (1975) from Sudan, Spataru (1978) from Israel, Premjith et al.

(1987) from India and Ufodike and Wada (1991) from Nigeria reported 0. 
niloticus as mainly zooplanktivorous at 2-24 cm sizes. Nonetheless, 0. aureus

was reported as predominantly phytoplanktophagous in Nicaragua (Porras and 
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Noguera-Canales 1989) and Cuba (Martinez and Quinones 1988; Polastre

Melgar 1989) while zooplanktivorous from Mexico (Salvadores and Guzman 

1983). Dewan and Saha (1979) reported that 0. niwticus preferred to feed on 

blue-green and green algae in winter. diatoms in early summer and debris in 

summer. Generally, the composition of any fish's stomach content varies 

throughout the year and each important food item tends to have a maximum 

importance at ascertain season (Hynes 1950). 

Based on the regression analyses carried out on the stomach contents we 

conclude that small fish were more active feeders than large fish and specific 

feeding (food consumption) decreased with increasing fish size. This contradicts 

the previous hypothesis of Dewan and Saha (1979) and Saha and Dewan 

(1979) that specific feeding rate increases with the increase in size. A similar 

phenomenon of decrease in feeding with respect to fish size was reported for 0. 

aureus from Mexico (Salvadores and Guzman 1983), carnivorous grouper, 

Epinephelus guttatus (Pauly 1986) and many other fishes. 

Our results are in agreement with the hypothesis that detritivorous species 

feed continuously, as compensation for the low nutritional value of these re

sources (Fugi et al. 1996). Daily feeding rhythms are reported not to be uni
form for many benthivorous species (Fugi et al. 1996). In this study, in the 

paddy field, tilapia was found to feed directly on detrital aggregate. Lobel (1981) 
reported that 0reochromis sp. minimize ingesting sand while browsing on 

detritus and periphyton. The filter feeding mechanism of 0. niloticus may be 

a relatively unimportant method of ingesting food (Dempster et al. 1993). 

In this study, stomach fullness indices were not always in synchrony with 

the values of mean stomach content (mg·g·1 bw). This may be because lighter 

food items like phytoplankton, zooplankton and pieces of macrophytes need to 

be ingested in large quantities to affect the incl.ex of stomach fullness. We 

conclude that stomach fullness, particularly visual, is not as appropriate for ex

pressing intensity of feeding activity as stomach content. 

Our observations on complete evacuation, 9-13 h in the pond and 1-4 h in 

the paddy field, support the work of Hofer and Newrkla (1983). They reported 

that small 0. mossambicus feeding on detritus and littoral fauna had a mean 

gut passage time of 1. 7 h at water temperatures of 27-28°C and 1.3 h at water 

temperatures of 32-33°C. Bowen (1981) reported that in 0. mossambicus per

iphytic detrital aggregate passes unaltered through the buccal cavity to the 

stomach and intestinal digestion and assimilation of most organic matter is 

completed in the first half of the intestine. 

In the pond, both sizes fed at common levels, 2.2% of bw • day·1 for the

small fish and 2.3% of bw • day· 1 for the large. This is comparable to feed
ing rates of 3-5% of bw·day· 1 in 0reochromis spp. found by Sastradiwirja 

(1990). 

The consumption model used in this study (Elliott and Persson 1978) is 

widely accepted and adequate to estimate the daily ration of fish that feed 

throughout the day on a wide range of prey types (benthivorous and 

planktivorous fish) and exhibit occasional feeding peaks (Boisclair and 

Marchand 1993; Andrade et al. 1996). Jobling (1981, 1986) and Persson (1986) 

pointed out the advantages of using exponential models and opined that most 







300 

Haroon, A. K. Y., M. Alam and M. A. Mazid. 1989. An experimental study on integrated 
paddy-cum-fish/shrimp farming practice in Bangladesh. I. Effect of stocking densities 
on growth and yield. Bangladesh Journal of Fisheries 12:101-108. 

Hasan, M. R. and D. J. Macintosh. 1986. Acute toxicity of ammonia to common carp fry. 
Aquaculture 54:97-107. 

Hofer, R. anad P. Newrkla. 1983. Determination of gut passage time in tilapia fry 
(Oreochromis mossambicus) under laboratory and field conditions. Proceedings of the 
International Symposium on Tilapia in Aquaculture, Nezareth, Israel, 8 May 1983: 
323-327.

Hynes, H. B. N. 1950. The food of freshwater sticklebacks, Gasterosteus aculeatus and 
Phygosteus pungitius, with a review of methods used in the studies on the food 
of  fishes. Journal of Animal· Ecology 19(1):36-58.

Ivlev, I. S. 1961. Experimental ecology of the feeding of fishes. Yale University Press, New 
Haven, Connecticut, USA, 302 pp. (translated from Russian by D. Scott). 

Jobling, M. 1981. Mathematical models of gastric emptying and the estimation of daily rates 
of food consumption for fish. Journal of Fish Biology 19:245-257. 

Jobling, M. 1986. Mathematical models of gastric emptying and implications of food con
sumption studies. Environmental Biology of Fishes 16:35-50. 

Khallaf, E. A. and A. A. Alne-na-ei. 1987. Feeding ecology of Oreochromis niloticus
(Linnaeus) and Tilapia zillii (Gervias) in a Nile canal. Hydrobiologia 146:57-62. 

Kido, M. H. 1996. Diet and food selection in the endemic Hawaiian amphidromous 
goby, Sicyopterus stimpsoni (Pieces: Gobiidae). Environmental Biology of Fishes 
45:199-209. 

Lobel, P. S. 1981. Trophic biology of herbivorous reef fishes: alimentary pH and digestive 
capabilities. Journal of Fish Biology 19:365-397. 

Lovell, T. 1995. Feeding Tilapia. Aquaculture Magazine 21(3):87-91. 
Martinez, R. and N. Quinones. 1988. Preliminary information about the natural food of 

Oreochromis aureus in Aviles reservoir. Acuicultura: boletin tecnico 18. 10 pp. 
McComish, T. S. 1967. Food habits of big mouth and small mouth buffalo in Lewis and 

Clark Lake and Missouri River. Transactions of the American Fisheries Society 96: 
70-74.

McDonald, M. E. 1987. Interactions between a phytoplanktivorous fish, Oreochromis aureus
and two unialgal forage populations. Environmental Biology of Fishes 18(3):229-234. 

Minckley, W. L., J. E. Johnson, J. N. Rinne and S. E. Willoughby. 1970. Foods of buffalo 
fishes, Genus Ictiobus, in Central Arizona reservoirs. Transactions of the American 
Fisheries Society 99:333-342. 

Moriarty, D. J. W. 1973. The physiology of digestion of blue-green algae in the cichlid fish, 
Tilapia nilotica. Journal of Zoology London 171:25-39. 

Mukhopadhyay, P. K., D. N. Das and B. Roy. 1992. On farm research in deepwater rice
fishculture in West Bengal, India. ICLARM Conference Proceedings 24:255-272. 

Northcott, M. E. and M. C. M. Beveridge. 1988. The development and structure of pharyn
geal apparatus associated with filter-feeding in tilapias (Oreochromis niloticus). Jour
nal of Zoology, London 215:133-149. 

Otto Infante, C. 1985. Bio-ecological aspects of the tilapia, Sarotherodon mo-':lsambicus (Pe
ters) 1852 (Teleosti, Perciformes, Cichlidae) in Lake Valencia, Venezuela. Acta 
Cientifica Venezolana 36(1):68-76. 

Pauly, D. 1986. A simple method for estimating the food consumption of fish populations 
from growth data and food conversion· experiments. Fishery Bulletin 84:827-840. 

Persson, L. 1986. Patterns of food evacuation in fishes: a critical review. Environmental 
Biology of Fishes 16:51-58. 

Polastre-Melgar, N. 1989. Quantitative and qualitative analysis of Oreochromis aureus stom
achcontent at the Alcranes reservoir, Villa Clara, CU.ha. Rev. Latinoam. Acuicult�ra 
40:9-14. 

Porras, R. M. T. and M. Noguera-Canales. 1989. Preliminary report on the Oreochromis
aureus stomach content in the "Tablas A" dam. Rev. Latinoam. Acuicultura 40:56-58. 

Premjith, S., S. K. Pillay and N. K. Balasubramanian. 1987. A comparative study on the 
biochemical composition of stomach contents of E4roplus suratensis and Tilapia
mossambica. Journal of Marine Biological Association of India 29(1-2):369-373. 

Prescott, G. W. 1962. Algae of the western Great Lakes area. WmC. Brown Co. Inc., 
Dubuque. 977 pp. 

Rahman, A. K. A. 1989. Freshwater fishes of Bangladesh. Zoological Society of Bangladesh, 
c/o Dept. of Zoology, University of Dhaka, Bangladesh. 365 pp. 



301 

Saha, S. N. and S. Dewan. 1979. Food and feeding habits of Tilapia nilotica (Linnaeus) 
(Perciformes: Cichlidae). I. Types and amount of food taken by the fish and its size 

and patterns of feeding. Bangladesh Journal of Zoology 7(1):53-60. 
Salvadores, B. M. L. and A. M. Guzman. 1983. Stomach content of Sarotherodon aureus

Steindachner, at "Vincente Gurrero" dam in Gurrero, Estado de Mexico, Mexico. 
Biotica. 8(1):59-70. 

Santos, E. V. 1993. Utilization of terrestrial vegetation and aquatic macrophytes by the 
herbivorous fish, silver barb (Puntius gonionotus). Doctor of Technical Science Thesis. 
Asian Institute of Technology, Bangkok, Thailand. 176 pp. 

Sastradiwirja, F. 1990. Protein and energy requirement of male red tilapia (Oreochromis

,iiloticus x 0. mossambicus). Master of Science Thesis, No. AE-90-36, Asian Institute 
of Technology, Bangkok, Thailand. 76 pp. 

Spataru, P. 1978. Food and feeding �a bits of Tilapia aurea (Steindachner) (Cichlidae) in 
Lake Kinneret (Israel). Aquaculture 13(1):67-79. 

Tudorancea, C., C. H. Fernando and J. C. Paggi. 1988. Food and feeding ecology of 
Oreochromis niloticus (Linnaells 1758) juveniles in Lake Awasa (Ethiopia). Archiv fur 
Hydrobiolie. Supplementband 79:267-289. 

Ufodike, E. B. C. and R. K. Wada. 1991. Feeding habits of tilapia, Sarotherodon nilotica
(Perciformes: Cichlidae) fry in Jos, Nigeria. Revista De Biologia Tropical 39(2): 189-
192. 

Vass, K. F. and A. E. Hofstede. 1952. Studies on Tilapia mossambicus Peters (lkan 
Mudjair) in Indonesia. Contribution of Inland Fisheries Research Station, Djakarta
Bogor, Indonesia 1:1-68. 

Ward, H. B. and C. G. Whipple. 1978. Freshwater Biology (ed. W. T. Edmondson). John 
Wiley & Sons Inc., New York, USA. 1248 pp. 

Windell, J. T. and S. H. Bowen. 1978. Methods for study of fish diets based on analysis of 
stomach contents. In: Methods for the assessment of fish production in freshwaters 
(ed. T. Bagenal), pp. 219-226. Blackwell Scien(ific Publications, Oxford. 

Yashouv, A. and J. Chervinski. 1961. The food of Tilapia nilotica in ponds of the fish 
culture research station at Dor. Bamidgeh 1�(2): 33-39. 

Yowell, D. W. and G. L. Vinyard. 1993. An energy-based analysis of particulate-feeding and 
filter-feeding by blue tilapia, Tilapia aurea. Environmental Biology of Fishes 36:65-72. 

Manuscript received 3 September /996; accepted 4 November /997. 




