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ABSTRACT

Though Solenocera choprai is an important shrimp resource from Karnataka coast, information on food and feeding of the
species is lacking. ‘Index of preponderance’ method was used to study the food and feeding habit of the species. The food
contents found were decapod crustaceans, unidentifiable mass, ‘fish remains’, molluscan shells, polychaete worms, sand,
foraminiferans and small crustaceans (other than decapods) in the decreasing order of abundance. In adults, annual index of
preponderance for decapod crustaceans, detritus and ‘fish remains were 43.82, 19.27 and 11.17 respectively. Infemales, the
major component of the food was decapod crustaceans with indices above 40. Annual feeding intensity of adult S. choprai
was 28.88% with the highest value of 54% observed in February and lowest value from June to December. The change in
monthly feeding intensity of the speciesisfound to be influenced by the disturbances in the sea bottom caused by upwelling.
Feeding intensity was the highest in immature females (40.71%) followed by spent females.
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I ntroduction

Solenocera choprai iswidely distributed in the Indo-
Pacific region, and is generally found buried on soft
bottoms at depths between 50 and 175 m (Dall, 1999). In
India, even though the speciesis caught from both east and
west coasts, fishery for the species exists only in south
Karnataka coast. Along Karnataka coast, the species is
caught from a depth of 60 to 100 m, where the sea bottom
isreported as sandy (Hashimi et al., 1978; Harkantraet al.,
1980; Shankar and Karbassi, 1992) and the annual landing
of the specieswas ashigh as 3,186t in 2002. Even though
extensive studies have been made on food and feeding
habits of various shrimps from Indian waters, only few
studies (Aravindakshan and Karbari, 1994; Dineshbabu,
2004) have attempted on the shrimpswhich are caught from
fishing grounds beyond 50 m depth, especially those living
in mid-shelf region of Indian waters.

Shrimps do not appear to be predators, but small sized,
disabled or dying animals are readily attacked by starving
shrimps (Dall, 1968). Apart from the preliminary studies
on the diet of S. choprai from Bombay waters
(Aravindakshan and Karbari, 1994), no other studies
attempted on the food and feeding of the species from
anywhereelse in the world. However some studies were
undertaken in other species belonging to Solenocera genus

i.e., food and feeding habits of S indica (S. crassicornis)
from Bombay waters (Kunju, 1968) as well as that of
S alticarinata and S. subnuda from Malaysian waters
(Hall, 1962). During the present study, food composition
and feeding intensity of adult males, adult females and
juvenilesof Schoprai during various monthswere analysed
in detail.

Materials and methods

Samples of S. choprai collected during January to
December, 2003 were analysed to study the food and
feeding habits of the species. Stomach contents of 348
males, 351 females and 100 juveniles were analysed.
Shrimps below 52 mm were considered as juveniles
(Dineshbabu and Manissery, 2008). Adults of S choprai
were available throughout the trawling period in 2003
wheresas the availability of juveniles were found restricted
in November. So food and feeding studies on juveniles
could be conducted only during November. Due to the
nibbling action of mandibles on the food and mastication
of food inside the stomach by the action of gastric mill,
identification of the food organisms was based mainly on
broken shell remains, spines, setae etc. The stomach
contents were grouped as follows: decapod crustaceans
(mostly shrimps), fishes, molluscs, polychaetes, crustaceans
other than decapods, foraminiferans, sand and detritus
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(decomposed plant and animal matter and their remains
mixed with mud). Since the quantity of food in the stomach
of shrimpswerevery little, ‘ pointsmethod’ by Pillay (1952)
was used. In order to get a clear picture of frequency of
occurrence as well as volume of various items, ‘Index of
Preponderance’ method (Natarajan and Jhingran, 1961) was
used.

The index of preponderance was worked out using
the following formula:
Vo
Where V, and O, represent the percentage of volume

and percentage of occurrence indices of each food item
respectively and I, the index.

| = x100

Theintensity of feeding was determined by the degree
of distension of the stomach due to the presence of food
inside the anterior and posterior chambers of the
proventriculus. This isexpressed as full, ¥ full, Y2 full, ¥4
full, trace and empty and each one was assigned, 100, 75,
50, 25, 10 and 0 points respectively. For finding out feeding
condition, stomachs were grouped into actively fed (full
and ¥ full stomachs), moderately fed (% full and ¥ full)
and poorly fed (less than ¥ full). The stomachs were cut
open and the contents were examined under a microscope.
The indices of preponderance were then computed to
indicate the food preference of the species. The index of
preponderance for the year was also calculated taking the
total number of samples examined during the year. The
degreeof fullness of stomach in relation to size of theanimal
was noted to study the intensity of feeding in juveniles and
adults. From the total number of specimens examined in
the month, the percentage occurrence of stomachs with
different intensities of feeding was computed. Food analysis
was done in relation to months, sex, maturity stages and
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size-groups. The samples were classified into groups with
a class interval of 5 mm total length. The stages were
classified (Ddll etal., 1990) as‘immature’, ‘ early maturing’,
‘late maturing’, ‘mature’ and ‘ spent’.

Test of analysis of variance (ANOVA) of food
components and feeding conditions between males and
femal es, between juveniles and adults, between monthsand
between maturity stages of females were carried out with
the help of SPSS statistical software (version 7.0).

Results
General diet composition

The food contents found in adult S. choprai, in the
order of abundance were, decapod crustaceans,
unidentifiable mass, ‘fish remains', molluscan shells,
polychaete worms, sand, foraminiferans and small
crustaceans (other than decapods). Decapod crustaceans,
dominated by shrimps formed the major component in the
stomach content of S. choprai (Table 1). During February
and September, juvenile crabs dominated the food items
and in other months, shrimps were dominant.

Unidentifiable mass consisting of decomposed plant
and animal matter and their remains mixed with mud ranked
second among thefood itemswith an annual index of 19.27.
M aximum concentration of unidentifiable masswas during
the monsoon months and also immediately after monsoon.
‘Fish remains congtituted the third important component
with anindex of 11.17. This component ranked first in June
and from August to September, ranked second with anindex
of more than 20. Fish bones, spines, scales and fish eggs
were identified from the stomach. Molluscan shells were
present throughout the year and ranked fourth with an index
value of 8.15. Polychaete worms were recorded in the
stomach only in January and April. This component ranked
fifth among the food components (index of 7.16). Sand was
found invariably in all stomachs and ranked sixth with an

Table 1. Month-wise ‘index of preponderance’ of food items of S. choprai (adults)

Month Small Decapod Polychaetes  Fish Molluscan  Foraminifer-  Sand  Unidenti- No. of
crustaceans  crustaceans remains  shells an shells fiable mass  shrimps

Jan 1.72 34.41 11.20 7.47 12.42 3.60 563 2355 65
Feb 222 39.10 457 17.59 11.27 4.76 486 15.62 38
Mar 2.03 59.13 354 9.51 4.95 2.05 296 1584 40
Apr 1.07 46.10 10.78 7.65 6.71 2.88 481 20.01 80
May 222 51.57 0.00 22.69 1.91 1.09 293 1759 40
Jun 0.27 9.19 6.31 35.95 2.04 1.59 928 3539 40
Aug 1.20 32.10 0.00 26.95 3.70 1.35 455 3015 36
Sep 153 44.48 5.81 11.10 4.86 177 319 27.26 70
Oct 117 50.68 0.00 16.82 831 248 548  15.06 60
Nov 2.57 47.31 7.70 11.53 7.07 375 556 1451 129
Dec 2.82 48.17 4.05 7.70 8.96 3.88 6.71 17.71 101
Annual 1.92 43.82 7.16 11.17 8.15 3.27 524  19.27 699
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index of 5.24. This item was probably an accidental
inclusion whilethe shrimp wasfeeding at the bottom. Along
with sand, foraminiferan shells were aso found in good
quantity throughout the year, with an index of 3.27.
Important foraminiferan generaidentified were Spiroplecta,
Rotalia, Elphidium and Globigerina. Small crustaceans
other than decapods constituting amhipods, Cypris and
Lepaslarvaeformed aminor component in thefood content
with an overall index of 1.92.

Monthly variation in the percentage composition of diet

Decapod crustaceans were the major constituent of
the food throughout the year except in June. In June, ‘fish
remains were the major component. In monsoon months,
from June to August, the quantity of unidentifiable mass
was found in the stomach was more compared to other
months. Analysis of variance (ANOVA) showed significant
monthly variation (p<0.01) in food content.

Diet composition of juveniles

Unlike adults, ‘fish remains’ were the major
component of food itemin juvenilesduring November (only
period in which both adult and juveniles were observed in
thecatchintandem) withanindex of 38.1 (Fig.1). Inadults,
the dominant food component during this period was
decapod crustaceanswith an index of 47.31. Unidentifiable
mass was found in comparatively less percentage in
juvenilesthanin adults. Foraminiferans, sand and molluscan
shells showed higher index. Polychaete worms were not

Small

o crustaceans
Unidentifiable 1%

Sand mass

Decapod
8% ) crustaceans
T 6 %

Foraminiferans
5%

Molluscan shells
13 %

Fish remains
39 %

Fig. 1. Diet composition (Index of preponderance) of juveniles
of S. choprai in November

seen in the stomach content of juveniles. The analysis of
variance in food component between adults and juveniles
showed significant variation in the case of ‘fish remains’,
foraminiferans, molluscan shells and polychaetes (p<0.01)
and also small crustaceans (p<0.05).

Diet composition in males and females

There was no marked difference between the diet
composition of males and females (Fig. 2 and 3). In both
cases, decapod crustaceans were the major component with
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Fig. 2. Annual diet composition (Index of preponderance) of males
of S. choprai.
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Fig. 3. Annual diet composition (Index of preponderance) of
females of S choprai.

indices of 43.49 and 44.04 in males and females
respectively. Polychaete worms recorded higher index in
femalesthan in males particularly during January and April.
There was no significant variation in food component
between males and females.

Diet composition in relation to size

The specimens were classified into six size classes,
60- 65 mm, 66-70 mm, 71-75 mm, 76-80 mm, 81-85 mm
and 85-90 mm. Decapods were the magjor component in
the diet of shrimps of al length ranges. From 66 to 85 mm,
the index of decapod crustaceans was above 40, whereas
in the lower and upper size ranges, the index was
comparatively low. In shrimps of 71 to 85 mm, ‘fish
remains had an index value of >12 whereas in lower and
higher size-classes, the index was below 10. In males of
size >85mm, the index for polychaete worms was the
highest and theindicesfor molluscan shells, foraminiferans
and sand werethelowest. Analysisof variance did not show
any significant difference in the food content in different
size groups of males.

In females, eight size classes were differentiated viz,
65- 70 mm, 71-75 mm, 76-80 mm, 81-85 mm, 86-90 mm,
91-95 mm, and 96-100 mm and 100-115 mm. In females
also, decapod crustaceans were the mgjor diet component
in al size groups. The index was highest (61.11) in lower
sized shrimpsi.e., below 70 mm. Sand and foraminiferans
showed highest index in the lowest size-class shrimps and
lowest index in the highest size-class shrimps. In the case
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of ‘fishremains’ thetrend was opposite with smallest index
seen in smallest size class and highest index in the highest
size class. Analysis of variance of food content with
different size groups of females showed significant
difference (p<0.01), except for ‘fish remains' and sand.

Diet composition in relation to maturity stages of females

In all the maturity stages, the major component of the
food was decapod crustaceans with indices above 40.
Highest index of decapod crustaceans was observed in
maturefemales(65.36). ‘ Fishremains showed lowest index
in immature females (4.74), whereas in al other stages,
the index was above 10. There was significant variation in
the occurrence of small crustaceans and unidentifiable mass
with maturity stages of females (p<0.01), and that of
decapod crustaceans (p<0.05).

Feeding intensity

Feeding intensity of the adult S. choprai during the
period of study was 28.88% (Table 2). During November
and December, shrimps showed increased feeding intensity
(Fig. 4). In February, actively fed (37%) and moderately
fed (47%) females were more than those in other months
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Fig. 4. Month-wise feeding intensity in males and females of
S choprai.

Table 2. Month-wise feeding intensity and feeding condition in adults of S choprai
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(Table 2). Actively fed shrimps were not seen in October.
Stomach fullness indicated significant variation (p<0.05)
with sex.

Feeding intensity of the juveniles was 42%. Twenty
six percentage of the juveniles were actively fed and 41%
were moderately fed (Fig. 5). Fullness of stomach between
juvenilesand adults showed significant difference (p<0.05).

Poor
33%

!
!

I T T T T A T
I T

Moderate

a1 % Active

26 %

Fig. 5. Feeding conditioninjuvenilesof S. choprai in November

In males, the annual feeding intensity for the year was
26% with the highest during February-April (Fig. 4). The
feeding condition in males of S choprai isgivenin Fig. 6.
Actively fed males were more in April (40%). Moderately
fed males were more in February (60%). From May to
October, majority of the males were poorly fed (69-90%).
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57%
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R T e
R T e

Moderate
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Fig. 6. Annual feeding condition of males of S choprai.

Fullnessy Full 3/4 12 14 Trace Empty Actively fed Moderately fed  Poorly fed Feeding No. of
Month full  full  full (No.) (%) (No) (%) (No.) (%) intensity  shrimps
Jan 11 1 7 18 18 10 12 1846 25 3846 28 4308 3315 65
Feb 11 3 8 10 6 0 14 36.84 18 4737 6 1579 5355 38
Mar 11 2 9 7 10 1 13 3250 16 4000 11 2750 49.38 40
Apr 24 2 19 13 18 4 26 3250 32 4000 22 2750 50.06 80
May 0 1 0 5 7 27 1 2.50 5 1250 34 8500 06.75 40
Jun 2 0 3 3 14 18 2 5.00 6 1500 32 8000 14.13 40
Aug 0 1 4 5 10 16 1 2.78 9 2500 26 7222 1389 36
Sep 1 2 2 5 38 22 3 4.29 7 1000 60 8571 1221 70
Oct 0 0 4 6 31 19 0 0.00 10 16.67 50 8333 11.00 60
Nov 8 7 15 32 31 26 25 1938 47 36.43 57 4419 3244 129
Dec 10 3 18 24 26 20 13 12.87 42 4158 46 4554 2955 101
Annuadl 88 22 89 128 209 163 110 1574 217 31.04 372 5322 2888 699
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In females, the annua feeding intensity for the year
2003 was 31.57%. Highest feeding intensity was observed
during February (54.46%) (Fig. 4). During this month,
39.29% shrimps were actively fed and 42.86% were
moderately fed. In May and October, the feeding intensity
was below 10% and poorly fed females were more than
80%. In October, actively fed shrimp was not recorded.
The feeding condition of females of S. Choprai isgivenin
Fig. 7.

Moderate Poor
32 % 50%

T
e, ?}?}?ﬁ?ﬁ?ﬁ%
LA

Active
18 %

Fig. 7. Annual feeding condition of females of S choprai.

Feeding intensity was highest in immature females
(40.71%). Spent females showed higher feeding intensity
than the maturing ones. Among immature shrimps, 21.43%
were actively fed and 57.14% were moderately fed. More
than 50% of early maturing, late maturing and mature
females were poorly fed. Analysis of variance of fullness
of stomach with different maturity stages of femal es showed
significant variation (p<0.05).

Discussion

Studies conducted by Aravindakshan and Karbari
(1994) on the diet composition of S. choprai collected from
40-70 m depth during 1977-1986 off Bombay showed that
crustaceans formed 50% of the food component, followed
by polychaetes (15%), foraminiferans and molluscs
(together 10%). Sand grains and debris formed 25% of the
gut content. During the present study al so crustaceanswere
found to be the mgjor component and molluscan shells and
foraminiferanswere found throughout the year. Polychaete
worms were less in concentration compared to the results
of the previous study. However ‘fish remains formed one
of the major constituent of the gut content. Sand and
unidentifiable mass formed one fourth of the stomach
content as reported by Aravindakshan and Karbari (1994).
Due to intensive fishing activity at depths beyond 50 m,
this area received a lot of discarded fishes from trawlers.
The presence of ‘fish remains’ in the stomach of S. choprai
in the present observation can be attributed to this. Similar
observations were reported by Saint-Marie and Chabot
(2002) in American lobster, Homarus americanus, inwhich
those caught from the areas of trawl discards were found
to have more ‘fish remains' in the stomach content than
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those caught from the fishing grounds which is having no
trawl discards. The study conducted on thefood and feeding
habits of shrimps, P. semisulcatus, P. canaliculatus,
P. merguiensis and M. monoceros in two different
ecosystemsin Philippinewaters (Tiewset al., 1968) showed
that diet composition of shrimp was related to the
availability of food items than their selective feeding.
Considerable amount of foraminiferans in the gut content
of shrimps caught offshore than in the near shore waters
was also reported in this study. There is a patch of sandy
region off South Karnataka extending from a depth of 50
to 200 m which is not seen anywhere in the west coast of
India (Hashimi et al., 1978; Harkantra et al., 1980 and
Shankar and Karbassi, 1992). The fishing ground of
S. choprai aso falls within this region (60 to 100 m).
Hashimi et al. (1978), during their studies on benthic
population of thisarea, found that 70% of the coarsefraction
is formed by foraminiferan shells. High concentration of
foraminiferans in the substratum may be the reason for
consistent presence of good quantity of foraminiferan shells
in the gut content of S. choprai.

Feeding intensity of the adults showed wide
fluctuations during the period of study. Feeding intensity
was highest during January-April and was very low during
May-October. From November onwards, feeding intensity
again increased (from 30 to 32%). Decapod crustaceans
were having indices of 59.3 and 51.57 during March and
May respectively, whereas ' fish remains’ showed high index
of preponderance during May to August. Sharma (1978)
reported that the upwelling in south-west coast of India
startsin deeper waters from May onwards leading to atotal
churning of the sea bottom and this disturbance will cease
by September. The low feeding intensity during May-
October can be attributed to the disturbance and instability
of the bottom waters due to upwelling resulting in the
scarcity of preferred food items. During the monsoon
months, gut contents showed more percentage of
unidentifiable mass. Tiews et al. (1968) also described
similar changesin food preference of shrimps according to
food availability during various seasons in Philippine
waters.

There was significant variation in food preference
between adult and juvenile of S. choprai with reference to
polychaetes, ‘fish remains' and smaller crustaceans.
Differencesin the composition of food content of juveniles
and adults were reported by Subramanyam (1973) in
Metapenaeus monoceros and Cartes and Sardah (1989)
in Aristeus antennatus. Cartes and Sardah (1989) stated
that in species having extended breeding season it is a
natural mechanism to reduce intra-specific competition of
food between them, so as to ensure better survival of the
species.
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In the present study, food preference of females of
S choprai in different maturity stages showed significant
variation, especially in the case of crustaceansasfood, with
mature females preferring more than other stages. Similar
findings were reported by Scarrat (1980) in lobsters who
observed that they have consumed more crabs, mussels and
fish but fewer echinoderms as they approach maturity. By
habit, S. choprai is a burrowing species with antennules
acting as a respiratory tube for breathing while burrowing
(Chan, 1998). Analysis of the catch data recorded during
day and night trawl operations revealed that the fishery
was successful only during night time, which suggests that
the activities of S. choprai including feeding are more
during night than day. Eldred et al. (1961) while studying
the habits of P. duorarum inferred that most of the shrimps
which are having aburrowing habit have anocturnal feeding
habit.
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