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ABSTRACT
Diet analysis of 1190 fishes belonging to 17 species of deep sea fishes were conducted. The samples were collected from 
the South-eastern Arabian Sea in bottom trawl by the research vessel FORV Sagar Sampada (cruise no. 322 and 345) during 
January 2014 and October 2015, between lat. 7- 150N and long. 78 - 720E in the depth range 200 - 1000 m. Diet composition, 
feeding strength, size range, depth range, distribution and index of preponderance were ascertained for all the species. 
It was observed that the deep sea fishes mainly feed on benthic and epibenthic organisms such as fishes, shrimps, crabs and 
squids, revealing their carnivorous nature. Deep sea shrimps are one of the major diet components of these fishes, which is 
an indication of the availability of good quantity of deep sea shrimps, along the South-eastern Arabian Sea and this abundant 
population can be commercially utilised in order to lessen the pressure of overexploitation being experienced in case of 
coastal shrimps.
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Introduction
Diet is one of the fundamental needs of an organism. 

It is also recognised as the key factor regulating the 
development, abundance and migration pattern of 
fishes. Fish feeding and food habits have been related to 
productivity of marine ecosystem, which is resolute by 
physical and chemical factors (Judith et al., 2002). Food 
and feeding are  two important parameters in an ecological 
food web. Assessing the type of food and mode of feeding 
of an organism will help us to derive information on 
the trophic level to which the organism belongs. Diet 
and feeding habits of fishes also give information for 
understanding the trophic interactions, prey-predator 
relationships in aquatic food webs, the structure of marine 
communities and for developing ecosystem models 
(Garvey et al., 1998; Vander Zanden et al., 2000, Bachok, 
et al., 2004;  Modica et al., 2014).

The abundance of prey population is very fewer in 
deeper waters compared to the shallow and coastal areas 
(Venu and Kurup, 2006). Distribution and richness of 
any fish species is greatly influenced by prey availability 
and its potentiality in the region. Diet composition of 
deep sea fishes was resolute to recognise its food and 
prey preference. Index of preponderance (Natarajan and 
Jhingran, 1962) and the index of relative importance 
(Pinkas, 1971) have been extensively used for analysis  
of stomach contents of fish, as these give a perfect and 
perceptible basis for grading the different food items  

and also to give a collective depiction of frequency of 
occurrence as well as volume respectively.

In the present study, stomach contents of 1190 deep 
sea fishes belonging to 17 species were examined. The diet 
composition, feeding intensity, size range, depth range, 
distribution and index of preponderance were analysed for 
all the species.

Materials and methods

Samples were collected during FORV Sagar Sampada 
cruise survey (cruise no. 322 and 345) during January 
2014 and October 2015 (lat.70 - 150N and long. 780 -720E). 
R ‘marmap’(R Core Team, 2016) was used for plotting 
the stations (Fig. 1). Surveys were conducted during day 
time using HSDT-CV (High Speed Demersal Trawl-
Crustacean Version) and HOT (High Opening Trawl) nets 
in 23 stations, at 200 to 1000 m depth along the south-east 
of Arabian Sea. Total catch and number of each species of 
fish collected were recorded. The samples were sorted into 
groups and species level identification was done as per 
Smith and Heemstra (1986). Total length of the fishes were 
measured. Sex identification was done by macroscopic 
examination of the gonads. For food and feeding studies, 
the stomachs were dissected out and the contents were 
cautiously detached and examined. The fullness of stomach 
was measured based on the relative distension of stomach 
by visual inspection and graded as full or stuffed, 3/4 full,  
1/2 full, 1/4 full, trace and empty (Kurup and Samuel, 1986).



18

70          72          74          76           78          80          82          84
Longitude

La
tit

ud
e

16

14

12

10

8

6

Arabian Sea

Fig. 1.	 Map showing the study area

Table 1.	 List of species selected for diet analysis

Family name Species name Sample size Length  range (cm) Depth (m)

Centrolophidae Psenopsis cyanea  (Alcock, 1890) 217 13.7-17.1 200
Gempylidae Neoepinnula orientalis (Gilchrist & von Bonde, 1924) 91 15.0-25.3 200
Percophidae Bembrops caudimacula (Steindachner, 1876) 148 16.5-20.5 200
Nomeidae Cubiceps baxteri (McCulloch, 1923) 197 13.2-17.2 300
Bathyclupeidae Bathyclupea hoskynii  (Alcock,1891) 40 13.5-19.0 350
Peristediidae Satyrichthys laticeps (Schlegel, 1848) 89 17.9-39.6 200
Triglidae Pterygotrigla hemisticta (Temminck & Schlegel, 1843) 58 11.6-17.5 200
Chlorophthalmidae Chlorophthalmus agassizi (Bonaparte, 1840) 44 15.8-17.1 300
Bothidae Chascanopsetta lugubris (Alcock, 1894) 39 13.4-21.8 300
Alepocephalidae Alepocephalus bicolor (Alcock, 1891) 38 31.4-44.0 1000
Alepocephalidae Rouleina attrita (Vaillant, 1888) 35 15.2-22.5 1000
Congridae Bathyuroconger vicinus (Vaillant, 1888) 13 60.0-72.3 1000
Priacanthidae Priacanthus hamrur (Forsskal, 1775) 28 13.8-16.3 300
Chlorophthalmidae Chlorophthalmus corniger  (Alcock, 1894) 58 11.3-14.8 300
Proscylliidae Eridacnis radcliffei  (Smith,1913) 23 8.50-14.5 350
Bythitidae Hephthocara simum  (Alcock, 1892) 33 14.5-21.5 1000
Uranoscopidae Uranoscopus crassiceps (Alcock, 1890) 39 12.6-19.8 200

Stomach content analysis was done by visual/microscopic 
examination. The diet components were identified as 
far as possible up to species, genus or family level, 
depending upon the status of the food and the extent of 
digestion (Smith and Heemstra, 1986). If the digestion 
had proceeded to an advanced stage and the prey were 
mixed with large quantity of mucus making identification 
difficult, it was treated as digested matter. 

For grading of stomach contents, index of preponderance 
(Natarajan and Jhingran, 1961) was used. The index of 
preponderance is determined using the formula:

I = ViOi/ƩViOi x100,

where ‘Vi’ is the percentage volume and ‘Oi’ is the 
percentage of occurrence of a particular food item.

Results and discussions

The stomach contents of 1190 fishes belonging to 
15 families and 17 species were analysed. Fishes of 
different size groups were taken for the analysis (Table 1).

The diet components of all species comprised 
semi-digested fishes, semi-digested shrimps, crabs and 
digested matter. Majority of the fishes analysed for gut 
contents were found to have empty stomach and the 
proportion of empty stomachs varied widely among 
the species. The feeding intensity recorded for the 
deep sea fishes are detailed in Fig. 2. Empty stomachs 
were observed to be 83% in Psenopsis cyanea. Higher 
proportion of empty stomach were also observed in 
Neoepinnula orientalis (77%), Satyrichthys laticeps 
(65%), Cubiceps baxteri (64%), Alepocephalus bicolor 
(61%) and Bembrops caudimacula (51%). Many large 
predators feed infrequently and all are found with empty 
stomachs (Gartner et al., 1997). The frequent occurrence 
of empty stomachs may be attributed to faster digestion 
due to strong gastric juice in carnivorous fishes (Qasim, 
1972). Diet characteristics of fish populations for which 
empty stomachs were frequent may be quite different 
than those for which empty stomachs were rare (Steven 
and Garvey, 2006). Higher proportion of full stomach 
condition was found in Chlorophthalmus agassizi (52%), 
Priacanthus hamrur (46%) and Uranoscopus crassiceps 
(46%). Lowest proportion of stomach fullness was found 
in N. orientalis (4%), C.  baxteri (5%) and P. scyanea 
(5%). Higher proportion of half fullness was found in 
Bathyuroconger vicinus (62%), Bathyclupea hoskynii 
(52%) and P. hamrur (39%).

V. Viji et al.
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Fig. 2.	 Feeding intensity recorded  for deep sea fishes

Table 2.	 Diet composition of deep sea fishes
Species Diet composition

Psenopsis cyanea Digested matter, shrimps (Aristeus 
sp., Heterocarpussp.), fishes, plankton

Neoepinnula orientalis Digested matter, shrimps, 
Trichiurus sp.

Bembrops caudimacula Digested matter, Synogrops sp., 
Plesionica sp., squid

Cubiceps baxteri Squid, digested matter, shrimps, crab, 
eel, fish scales

Bathyclupea hoskynii Squid and shrimps
Satyrichthys laticeps Shrimps, Platycephalus sp., 

digested matter
Pterygotrigla hemisticta Shrimp, crab, Acetes sp.
Chlorophthalmus agassizi Shrimps, Myctophids and 

digested matter
Chascanopsetta lugubris Fishes and digested matter
Alepocephalus bicolor Digested matter and fish scales
Rouleinaattrita  Shrimps and digested matter
Bathyuroconger vicinus Digested matter
Priacanthus hamrur Shrimps, squids and Saurida sp.
Chlorophthalmus corniger  Digested matter
Eridacnis radcliffei Fish, crustaceans and fish scales
Hephthocara simum Digested matter, partially digested 

crustacean parts
Uranoscopus crassiceps Digested matter, Platycephalus sp., 

eel and shrimps

Shrimps and fishes were the major components 
of diet observed in the stomach of P. cyanea and traces 
of plankton were also observed in some specimens. 
In N. orientalis the diet comprised of shrimps and 
Trichiurus spp. Karuppasamy et al. (2008) reported that,  
myctophids and shrimps were the dominant food items 
in N. orientalis. In C. baxteri, squid, digested matter, 
shrimps, crab, eel and fish scales were found in the 
stomach. Diet composition of each species are detailed in 
Table 2. Squids and shrimps were observed in the stomach 
of B. hoskynii. In B. viscinus and C. corniger, the stomach 
contents were observed in digested condition and the 
diet components could not be identified. Shrimps, squids 
and small sized Saurida spp. were observed from the 
stomach of P. hamrur. According to Karuppasamy et al. 
(2008), C. corniger, C. agassizi and P. hamrur mainly fed 
on shrimps along with fishes and other organisms. 
Shrimps comprised mostly juveniles of Aristeus sp., 
Heterocarpus sp., Plesionika sp. and the fishes included 
myctophids, Platycephalus sp., Synogrops sp. and 
Leptocephalus larvae. In the present study, no difference 
was observed between the diet of both males and 
females of each species. Concerning diet composition, 
a relatively low contribution of squid was found in the 
diet of the deep sea fishes.

Most of the fishes collected from different depth 
zones showed a similar pattern of prey exploitation. 
Shrimp was the most important component in the diet 
of almost all species examined. The feeding intensity 
may be linked mostly to the availability of prey species. 
The diet preference of predatory fishes is very complex 

and is influenced by many factors such as prey availability 
as well as mobility, richness, prey energy content, size 
selection and seasonal changes (Nieland,1980; Hart 
and Ison, 1991; Barry and Ehret, 1993). Myctophids, 
Aristeus alckocki, Heterocarpus sp., squids and digested 
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Table 3.	 Index of  preponderance of 14 deep sea fishes
Species Diet composition Index of  preponderance (I) Grading

Psenopsis cyanea Crustaceans
Digested matter  
Fishes
Plankton 

94.5
3.6
1.7
0.2

I
II
III
IV

Neoepinnula orientalis Fishes
Digested matter

99.81
0.19

I
II

Bembrops caudimacula Crustaceans
Fishes
Digested matter
Squid

44.87
38.22
16.86
0.05

I
II
III
IV

Cubiceps baxteri Squid
Fishes
Crustaceans

92.6
7.1
0.16

I
II
III

Bathyclupea hoskynii Crustaceans
Squids
Digested matter

99.47
0.42
0.11

I
II
III

Satyrichthys laticeps Fishes
Crustaceans
Digested matter

83.4
12.1
4.5

I
II
III

Pterygotrigla hemisticta Crustaceans
Digested matter

99.6
0.4

I
II

Chlorophthalmus agassizi Crustaceans
Fishes
Digested matter

81.55
18.26
0.19

I
II
III

Chascanopsetta lugubris Digested matter
Fishes

93.41
6.59

I
II

Rouleina attrita  Crustaceans
Digested matter

86.1
13.9

I
II

Priacanthus hamrur Crustaceans
Fishes
Squids
Digested matter

75.8
20
3.5
0.67

I
II
III
IV

Eridacnis radcliffei Fishes
Digested matter
Crustaceans

92
7
1

I
II
III

Hephthocara simum Crustaceans
Digested matter

76.52
23.48

I
II

Uranoscopus crassiceps   Fishes
Digested matter
Crustaceans

63.6
29
7.4

I
II
III

prey items were dominant in the diet components of 
deep sea fishes studied and no planktonic organisms were 
observed except in P. cyanea. In general, the feeding 
strategy observed is that, deep sea fishes consume relatively 
small sized organisms as prey, which are available at the 
time of their feeding. During the analysis, a very few 
quantity of plankton were observed in stomachs of a few 
specimens of P. cyanea. This may be an indication of the 
vertical migration behaviour exhibited by this species. 

More studies have to be conducted to ascertain this 
behaviour.

Index of preponderance (I) was worked out for 
14 species, and is presented in Table 3. It provides a 
definite and assessable basis for grading the various 
food items as it gives a combined picture of frequency 
of occurrence as well as volume. The index of 
preponderance of P. cyanea showed that crustaceans 
(I = 94.5) ranked first and plankton the last. Fishes 

V. Viji et al.
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ranked first in the prey groups of N. orientalis followed 
by digested matter as second. Similarly, in S. laticeps 
also fishes (I=83.4) topped in the gut content followed 
by crustaceans and digested matter. Squid (I=92.6) 
dominated the diet in C. baxteri followed by fishes and 
crustaceans. In Chascanopsetta lugubris, digested matter 
ranked first (I=93.4) in the gut contents followed by 
fishes. In P. hamrur and Hephthocara simum, crustaceans 
ranked first among the prey items. In B. hoskynii, 
P. hamrur and B. caudimacula, squid was also found 
and ranked second, third and fourth positions respectively.

In the present study, we perceived that the deep sea 
fishes mainly feed on benthic and epibenthic organisms 
such as fishes, shrimps, crabs and squids. Similar prey 
exploitation was observed in different groups. The deep 
sea shrimps are one of the major diet components of these 
fishes, which is also an indication of the availability of 
good quantity of deep sea shrimps along the South-eastern 
Arabian Sea, which can be commercially utilised in order 
to lessen the burden on coastal shrimps.
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