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Abstract 

Intraspecific virtual dietary breadth, degree of diet similarity, dietary overlap and feed

ing strategies of the silver barb Puntius gonionotus and the tilapia Oreochromis spp. were 
estimated in a pond from Bangladesh and compared using various niche indices. 
Appropriateness, ease of interpretation and explanation of different indices were 

evaluated. Dietary breadths were relatively higher in small sizes of P. gonionotus than 
large ones, though neither size class could be considered as a generalist feeder. There 
was a significant dietary overlap between large and small barbs. Niche breadths were 

similar for both sizes of Oreochromis spp., a little higher for the small sizes, although as 
with the barbs, neither size class could be considered as a generalistic feeder. Dietary 
overlap of large tilapia on small ones was much greater but significant in both ways. 
Czekanowskis' Proportional Similarity (PS) index reveals a much broader aspect of the 
ecological determinants of niche breadth as it incorporates resource availability and 
tesource use and has got the ease of biological interpretation. Similarly, Levins' dietary 
overlap indices reveal clearly both the significance, strength and direction of dietary 
overlap between competitors. According to the PS index, both species are opportunistic 
feeders, although tilapias are relatively more generalist than the silver barbs. Evidence of 
significant dietary overlap between the large and small sizes of both species reflects 
strong competition and indicates caution for mixedsize stocking of tilapia in pond 
polyculture. Feeding pattern of silver barb reflected a mixed strategy with a combination 
of both high between- and within-phenotype contributions to the niche width, but with 
the between-phenotype contribution as the largest. While tilapias reflected high 
within-phenotype contributions to the niche width, a generalized feeding strategy showed 
a trend of specialization of a population for periphytic food. 



Introduction 

The spectrum of prey items consumed by the different life stages of fish 
species in a particular environment helps to define the ecological niches and 
interactions with cohabiting species and sizes (Cortes and Gruber 1992; Knight 
and Ross 1994). Interspecific niche overlap among fishes is usually low (Keast 
1978a, 1985; Pen et al. 1993) due to differences in foraging habit and the 
morphology of feeding apparatus, although considerable dietary overlap occurs 
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when a preferred food item is abundant (Keast 1977; Pen et al. 1993). Al

though fish may broaden their dietary breadth when food resources are scarce, 

it may still remain sufficiently partitioned for competition to be avoided (Keast 

and Fox 1990). In general, intraspecific niche overlap among different size 

classes decreases with ontogenetic shift in diets, i.e. differences in habitat uti

lization by young and adults, and increasing disparity in size (Keast 1977; Pen 

et al. 1993; Esteves and Galetti 1995). Understanding of spatial and temporal 

variation in the performance of individual fish is essential for studies of habi

tat profitability for fishes (Easton et al. 1996). This also depends on the spatial 

and temporal heterogeneity of the habitats. 

The silver barb or tawes, Puntius gonionotus Bleeker (formerly P.

javanicus) and the tilapias [Oreochromis mossambicus (Peters) and 0. ni/.oticus 

(Linnaeus)] are exotic to Bangladesh and are very popular because of their 

rapid growth performance in comparison to the indigenous carps (Rahman 

1989). However, under stress of polyculture, these species often do not maintain 

their usual feeding habits (Sandhu and Toor 1983). Haroon and Pittman (1997, 

1998) studied the feeding chronology (pattern), daily ration and gastric evacu

ation rates of P. gonionotus and Oreochromis spp. in rice-fish and pond cul

ture. The only available report on the interspecific dietary overlap of Chinese 

and Indian major carps in pond polyculture from Bangladesh is of Dewan et 

al. (1991). 

The present study was undertaken to estimate and compare the intraspe

cific dietary breadth of two sizes of P. gonionotus and Oreochromis spp. [O. 

mossambicus x 0. niloticus natural hybrid] as well as the degree of diet simi

larity, overlap and feeding strategies in relation to niche width in a shallow, 

seasonal pond condition. Different niche measures are compared and evaluated 

for appropriateness, ease of biologically significant interpretation and explanation 

of different indices. 

Materials and methods 

The present work was carried out in a nursery pond at the Riverine Sta

tion, Chandpur, of the Fisheries Research Institute, Bangladesh, during 8-10 

May 1994 using two size categories (around 6 and 12 cm, total length) of P.

gonionotus and during 13-15 July 1995 with two size categories (same as 

above) of Oreochromis spp. We have chosen these two sizes because fish farm

ers look first for (the fish) size rather than weight when choosing for culture. 

The fish and sub-surface plankton were sampled every three hours for a fur

ther 48 h to analyze gut contents and available resource states in the plank

ton, respectively. 

Pond preparation, fish stocking and sampling 

1994; The pond was a nursery type about 1620 m2 in size (water area 980 

m2), 1.85 m in depth, kept weed-free for easy netting. The pond was prepared 

in March 1994 by completely drying, liming (250.0 kg· ha·1) and fertilizing

once (cow-dung 10.0 t• ha- 1, urea 16.0 kg· ha· 1 and triple super phosphate 32.0 
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kg· ha·1). Two size cat.egories of P. goni01wtus juveniles procured from the Riv

erine Station's hatchery were stocked in the experimental pond at a density of 

7.0 juveniles ·m·2 (3430 numbers of each size). Before stocking in the experi

mental pond, the fishes were kept in a flow-through syst.em for 48 h with flow

ing tap wat.er to complet.ely empty their guts. Prior to the experiment, the fish 

had been fed a supplemental feed composed of rice bran (40%), wheat bran 

(40%) and fish meal (20%) at 2-5% of body weight (bw)·day·1. Two days aft.er

stocking, 10 fishes of each size were sampled every 3 h for a further 48 h 

with cast net (3x6 m, mesh 0.5 cm). The small fishes were 5.0-6.9 cm in to

tal length (TL) and 2.4-5.6 g in weight and the large fishes were 12.0-13.6 cm 

in TL and 26.6-40.8 g in weight at stocking. A total of 320 fishes (160 of each 

size) were sampled. 

1995: For experiments with tilapia, the same pond (water area was 990 

m2 this year) was prepared in June 1995 in the same manner as before. Two 

sizes of Oreochromis spp. juveniles collect.ed from the Riverine Station's other 

ponds were stocked in the experimental pond at a density of 7.0 juveniles·m·2 

(3465 numbers of each size). Before stocking in the experimental pond, the fish 

were similarly pre-treat.ed for 48 h to complet.ely empty their stomachs. Prior 

to stocking in the pond, the fish were fed a similar supplemental feed at the 

similar rat.es. Two days after stocking, a similar sampling regime was followed 

every 3 h for a further 48 h. The small fishes were 4.3-9.3 cm in TL and 

1.60-15.46 g in weight and the large fishes were 9.5-13.5 cm in TL and 14.37-

46.42 g in weight at stocking. A total of 320 fishes (160 of each size) were col

lect.ed. 

Gut analysis 

Fishes were checked immediat.ely after capture for regurgitation (if posi

tive, the fish was replaced), and preserved in 10% buffered formalin until ex

amined. Each fish was measured for TL (mm), and weighed using a Sartorius 

electronic balance (± 0.001 g) within two weeks after collection and no correc

tion factor for fixation was used. 

As P. goni01wtus lacks a well-defined stomach, only the anterior portion of 

the digestive tract lying between the esophagus and the first major curve of 

the small intestine was dissected out as digestion is less advanced in the an

terior portion and food items remain mostly identifiable. Silver barbs have an 

intestine usually 2-3 times their body length (Sattar 1987). For Oreochromis 

spp., the anterior portion of the digestive tract lying between the esophagus and 

the first major bend of the small intestine just after the stomach was dissected 

out. Tilapia are report.ed to have a relatively long and coiled int.estine up to 14 

times their body length (Edwards 1987). Bowen (1981) reported that in 0. 

mossambicus food digestion and assimilation is completed in the first half of 

the intestine. Similar methods have also been adopted by McCamish (1967), 

and Minckley et al. (1970) for buffalo fish: Dewan et al. (1991) for carps and 

Dewan and Saha (1979) for tilapia. 

Each gut or stomach was blotted uniformly with tissue paper, opened 

longitudinally and entire gut or stomach cont.ents were then carefully transferred 
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All these indices have been calculated from discrete counts as animals 
choose resources item by item rather than joule by joule (Feinsinger et al. 
1981) and compared to evaluate appropriat.eness and ease of biological interpre
tation. We have followed Zaret and Rand (1971), Wallace (1981), Martin (1984), 
Pen et al. (1993) in regarding values for dietary overlap indices above the ar
bitrary level of 0.60 as representing a biologically significant overlap. 

Feeding strategy 

We have followed Amundsen et al.'s (1996) modified approach of Costello's 
(1990) method for graphical analysis of feeding strategy. This is based on a 
two-dimensional representation, where each point represents the frequency of 
occurrence (F,) and the prey-specific abundance (%P,) of a food category. In 
mathematical terms F, and %P, can be described by the following equations: 

F - (NIN) and 
i i 

¾P - a:s !I.S) x 100 
i i ti 

(6) 

(7) 

where N, is the number of predators with prey type i in their stomach, 
N is the total number of predators with food in stomach, Si is the stomach 
content comprised of prey type i (in number) and S

ti 
is the total stomach con

tent in only those predators with prey type i in their stomach. Unidentifiable 
digested food were excluded from the analysis. 

Results 

Niche measures 

P. gonionotus: Both sizes consumed quit.e large amounts of macrophytes
(0.351 in small vs. 0.513 in large; fraction of total items used). There were 
distinct differences in feeding on zooplankton by the two sizes. Small fish ate 
Brachionus and Monostyla of the rotifers, Cyclops, Moina, Diaptomus and 
some crustacean nauplii whereas large fish avoided rotifers and crustacean 
nauplii. Large fish did consume Cyclops (0.26), Moina, and Diaptomus and 
only the large sizes consumed Cypris (ostracod). Insects were a larger compo
nent of the diet for small fish (0.10) compared to the larger fish. Both sizes 
avoided most of the phytoplankton, except Microcystis (blue-green algae) which 
was consumed in much greater proportions by the small fish (0.33) than by the 
large fish. Silt and sand was a larger proportion of the gut content of larger 
fish (Table 1). 

Dietary breadth (both B and B.,) values were higher in small sizes than in 
the large representatives. Czekanowski's PS index also reflected that small 
fishes are apt to use a broader range of the available resources (though not by 
comparison with the proportion of resource abundance). On the other hand, 
large fish discriminated against several food categories but chose ostracods, 
thus making use of a relatively narrower niche than the small size class 
(Table 2). Numerically small fish have about 4 times greater PS value or 1.3 
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Table 2. Intraspecific virtual dietary breadth and overlap indices* of two size categories of 
Puntius gonionotus (8-10 May, 1994) and Oreochrnmis spp. (13-15 July, 1995) in a shallow 
nursery pond from Bangladesh. (x= small, y= large; Bx and By= Levin's dietary breadths of
x and y ; Bnx and Bny = Levin's dietary breadths of x and y ; PSx and PSy= Czekanowski's
Proportional Similarity of x and y, respectively; axy ;;; Levin's dietary overlap of x on y,
a x= Levin's dietary overlap of y on x and a= Schoener's dietary overlap index. For 
d:finition of various indices, see text. 

Niche indices Czekanowski's Levin's Schoener's 

Fish species PSx PSY Bx By 8nx Bny a,y ayx a 

Puntius gonionotus 0.37 0.09 3.85 2.86 0.17 0.12 0.66* 0.89* 0.59 
Oreochromis spp. 0.52 0.59 2.86 2.69 0.11 0.10 0.95* 1.01 0.86* 

*diet overlap values >0.60 are considered to be biologically significant.

times greater B or Bn value than the large fish (Table 2). B, Bn and PS indi
ces all reflect that both sizes of P. gonimwtus are emphasizing some particular 
resource items, though small ones have a relatively greater capability to exploit 
resources. They are not generalistic feeders in that they do not utilize all re
source states without preferences. 

Overall dietary overlap of large fishes on the small ones (ayx =0.89) were
much greater than the reverse (a

xy
=0.66), but were biologically significant in 

each case. Schoener's a index (0.59) also reflected this trend of biologically sig
nificant intraspecific overlap (Table 2). 

Oreochromis spp.: Numerically, about half of the diet of both sizes of 
Oreochromis spp. consisted of Anabaena (blue-green algae) with lesser amounts 
of Melosira (diatom). Mu:rocystis (blue-green algae) was avoideded though they 
were quite abundant, as was filamentous green algae. Some of the planktonic 
forms of green and blue-green algae were consumed by both sizes, of which 
Pediastrum and Ankistrodesmus (green algae) were consumed in relatively 
greater amounts than other plankton. Of the euglenoids, Phacus was con
sumed in greater amounts by the large fish than the small fish while 
Euglena was preferred more by the small than the large fishes. Macrophytes 
were incidentally consumed by large fishes only. Both sizes ate small amounts 
of rotifers and crustacean nauplii rather than adult crustacean. Both sizes 
avoided Cypris (ostracod), aquatic insects and silt and sand during feeding 
(Table 1). 

Niche breadth, both B and B
n 

values, were almost similar (a little higher 
for the small) for both sizes (Table 2). PS indices yielded a similar trend in 
dietary breadth but indicated that large fish used more of the resource items 
than the small fish. Both Levin's and Czekanowski' s indices reveal this trend 
of dependency on some selective resource items (higher specialization of both 
sizes for Anabaena and Melosira), discriminating against others of the resource 
spectrum. The principal interpretation here seems to be that, like P. 

gonionotus, both sizes of Oreochromis spp. have specialized feeding prefer
ences. Dietary breadths of Oreochromis spp. may be relatively broader than 
the dietary breadth of P. gonio,wtus, although these comparisons are not valid 
since data were not taken from a single system at the same time (Table 2). 
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