

































































































































































































































































































































































































































































































































































































































































































































































Chapter 6.
Summary and

conclusions



Summary and Conclusions

Food and feeding habits of fourteen demersal finfishes exploited off the
Karnataka coast were studied to investigate trophic interactions within the
marine food web. The demersal finfishes selected for the present study are
Epinephelus diacanthus (rockcod), Grammoplites suppositus (spotfin
flathead), Priacanthus hamrur (bulls eye), Johnieops sina (drab jewfish),
Otolithes cuvieri (lesser tigertooth croaker), Nempiterus japonicus
(threadfin bream), Nemipterus mesoprion (threadfin bream), Leiognathus
bindus (silverbelly), Cynoglossus macrostomus (tongue sole), Pampus
argenteus (silver pomfret), Lactarius lactarius (bigjawed jumper),
Pseudorhombus arsius (largetooth flounder), Carcharhinus limbatus
(blacktip shark) and Rhynciobatus djiddensis (guitar fish).

For understanding the importance of various diet components, the widely
accepted diet index, the Index of Relative Importance (IRI), which
integrates large data on three diet indices such as number, volume or
weight and frequency of occurrence, was used to quantify diet
components of each predator. Ontogenetic, seasonal (pre-monsoon,
monsoon and post-monsoon) variation in feeding and prey-predator
relationship studies were conducted.  Prey-specefic abundance plots
(Amundson plot) and Electivity index were drawn to interpret each
predators feeding strategy and prey selectivity respectively.

The results showed that the rockcod, E. diacanthus is a demersal
carnivore and preferred to feed largely on benthic crustaceans.
Crustaceans followed by fishes and molluscs were the most important
food components of E. diacanthus. Of all the stomachs analysed, 73%
were empty and 27% contained food items. The most important
crustaceans were benthic crabs (69.4%) followed by Acetes indicus
(15.9%) and Oratosquilla nepa (6.1%). Dietary breadth had great
seasonal variations. The mean trophic level was 4.11 + 0.26. There was a
significant ontogenetic shift toward larger benthic crabs in larger rock

cods (P<0.05). Electivity study showed strong positive selection to all

crustaceans in all the seasons.
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The spotfin flathead, Grammoplites suppositus, preyed primarily on
crustaceans. Benthic crabs and penaeid prawns formed the most important
preys and fishes were next in the rank. Smallest fish group (<165 mm) ate
mostly Cynoglossus macrostomus and unidentified fishes, where as
individuals of larger sizes (>165 mm) ate crustaceans mainly benthic
crabs, penaeid prawns, Acetes indicus and Oratosquilla nepa. Highest
similarity in diet was observed between 216-240 and 241-265 mm size
groups. Broadest diet breadth was for 191-215 mm size groups. Strong
selection for benthic crabs and Solenocera choprai was observed. A
specialized feeding strategy on benthic crustaceans was exhibited by G.
suppositus.

The bull’seye, Priacanthus hamrur is a crustacean feeder, Acetes indicus
is the most dominant prey. Significant difference in the number of major
prey categories existed among the seasons (P<0.001). Similarity in diet
between 251-270 and 271-290 mm was very high (88%). The mean
trophic level and diet breadth were 3.40 = 0.44 and 2.81 + 1.29
respectively. The size of the principal prey A. indicus had a direct positive
relation to the size of P. hamrur.

Fishes, crustaceans, molluscs, foraminiferans, diatoms and detritus
formed the major diet of jewfish, Johnieops sina. Crustaceans (77.0%)
were the most important and highly preferred food followed by fishes
(16.9%). Oratosquilla nepa (42.1%), Acetes indicus (25.1%) and
unidentified fishes (9.2%) were the highly preferred prey component in
the diet of J. sina. The mean trophic level and diet breadth were 3.6 £
0.37 and 3.2 + 1.53 respectively. The proportion of copepods increased
with increasing size of the predator. J. sina showed a mixed feeding
strategy.

Out of 22 prey taxa identified, Acetes indicus was the most important prey
in the diet of Orolithes cuvieri. Among fishes, N. mesoprion and
Stolephorus spp were the most important prey. The mean trophic level
and diet breadth were 3.97 + 0.27 and 4.7 £ 2.5 respectively. The size of

the dominant fish prey, N. mesoprion showed a direct relationship to
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predator size. Larger tooth croakers have a specialized feeding strategy on
crustaceans.

Crustaceans, fishes, molluscs and detritus were the four major groups in
the diet of the threadfin bream, Nemipterus japonicus. Solenocera
choprai, Acetes indicus and benthic crabs dominant among crustaceans.
Teleosts were second in rank. Significant difference in the number of
major prey categories was found between the seasons (P<0.001). Mean
trophic level was 4.09 = 0.15. Highest diet similarity was between pre-
monsoon and post-monsoon. The mean weight of S. choprai marginally
increased with the increasing size of N. japonicus. Specialized feeding
strategy on crustaceans mainly on S. choprai and benthic crabs was
observed. Strong selection of S. choprai and benthic crabs was observed
during pre-monsoon and post-monsoon.

The results of diet analysis of Nemipterus mesoprion showed the
dominance of three food categories such as crustaceans, fishes and
molluscs. Crustaceans made up the highest proportion in occurrence
(65.0%) and number (92.0%). Acetes indicus (57.2%) and Solenocera
choprai (33.2%) were most important in the diet. Significant differences
in the number of major prey categories were observed among the seasons
as well as size groups (P<0.001). The mean trophic level was 4.14 = 0.30.
Electivity index showed strong selection to S. choprai in monsoon. N.
mesoprion is a specialized predator on A. indicus and S. choprai.

The dietary component of silverbelly, Leiognathus bindus was grouped
under six categories such as fishes, crustaceans, molluscs, foraminiferans,
worms, diatoms and detritus respectively. Detritus formed the most
important component. Mysids, copepods and amphipods were the most
important crustacean preys. The mean diet breath and trophic level
recorded were 1.99 £ 1.10 and 2.30 = 0.20 respectively.

The diet of tongue sole, Cynoglossus macrostomus consisted primarily of
detritus. Fishes, crustaceans, molluscs, foraminiferans, worms, diatoms
and sand were also consumed. Significant difference existed between the
seasons and size groups in the number of major food groups (P<0.001).
The mean diet- breadth and trophic level were 3.76+0.93 and 2:71+0.35
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respectively. The greatest diet similarity was observed between 116-125
and 116-125 mm length groups. Tongue sole employed a specialized
feeding strategy on detritis.

Crustaceans and detritus were the most important prey groups in the diet
of the silver pomfret, Pampus argenteus. Fishes, diatoms and worms
were the important prey, in that order. There were significant seasonal and
ontogenetic differences in prcy number. Mean diet breadth  and trophic
level were 1.74 + 3.5 and 2.55 + 0.37 respectively. The highest similarity
in diet was observed between monsoon and post-monsoon.

Teleosts were the most important food category followed by crustaceans
and detritus in the trophic spectrum of bigjawed jumper, Lactarius
lactarius. Significant differences in the number of major prey categories
were observed between the seasons and length groups (P<0.001). The
mean diet breadth and trophic level were 2.25 £ 0.27 and 3.91 £ 0.37
respectively. Electivity study showed strong preference to the most
important prey, Stolephorus spp throughout the year.

Fishes and crustaceans formed the principal food items of the largetooth
flounder, Pseudorhombus arisus. Fishes occurred in 66.4% of the
stomachs analysed and cannibalism was most often observed.
Pseudorhombus spp (24.7%) followed by Polynemus indicus (24.5%) and
Stolephorus spp (15.5%) were the most important teleosts. The mean diet
breadth and trophic level were 3.99+1.93 and 4.37£0.23 respectively.
Highest similarity in diet was observed between the diet of fishes in
monsoon and post-monsoon. P. arsius exhibited a mixed feeding
strategy.

The diet of blacktip shark, Carcharhinus limbatus consisted of 26
different prey taxa. Teleosts and cephalopods were dominant in the diet.
Epipelagic teleosts, mainly represented by sardines and anchovies, formed
the preferred fish groups. The mean diet breadth and trophic level were
4.35 + 2.61 and 4.07  0.19 respectively. The highest similarity in diet
was observed between pre-monsoon and post-monsoon. The mean weight

of the most important prey Sardinella longiceps increased with the
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increasing length of C. limbatus. Amundson’s plot showed specialised
feeding strategy for the blacktip shark.

The guitarfish, Rhynchobatus djiddensis was monophagous to
crustaceans. Aceftes indicus was the most important target of R.
djiddensis, which contributed 77.9% to the IRI. There were no
ontogenetic shifts in the feeding of R. djiddensis. A. indicus was the most
important food for the small sized fishes. Prey-specific plot of R.
djiddensis showed a highly specialized feeding strategy on A. indicus.

The results of prey-predator trophic interaction studies identified four
major trophic guilds based on the predators feeding similarity. The low
stress value (0.07) for the MDS plot indicated a good representation of the
diet data. Trophic guild 1 is ‘copepod and detritus feeders’, which
comprised of C. macrostomus, P. argenteus and L. bindus with an average
group similarity of 61.4%. The second trophic guild, ‘prawn and crab
feeders’ was formed by E. diacanthus, G. suppositus and N. japonicus
with an average similarity of 52.7%. ‘Acetes feeders’, the largest trophic
guild with an average group similarity of 62.5%, composed of six
demersal finfish species, namely P. hamrur, O. cuvieri, L. lactarius, P.
hamrur, N. mesoprion and R. djiddensis.  The guild ‘piscivores’ is
constituted by C. limbatus and P. arsius with an average similarity of
45%. The results of ANOSIM indicated highest difference between
predators of copepod-detritus feeders and Acetes feeders. Low trophic
level crustaceans such as A. indicus and penaeid prawns enlisted by
BVSTEP, are highly impacted by the predators.

It may be concluded that most of the demersal finfishes exploited from
the Arabian Sea off Karnataka are benthic carnivores and are specialized
feeders on benthic invertebrates. For each predator, ontogenetic diet shift
is common and is characterized by prey of low to high trophic level.
Similarly, many of the predators such as E. diacanthus, G. suppositus, and
C. limbatus prefer to feed on larger preys as they grow in size. Strong
selection of certain prey types was observed in some predators while most
of them avoided abundant prey. Strong preference for fishes most often

leads to cannibalism in the largetooth flounder, P. arsius. Prey-predator
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interaction occasionally leads to trophic cascades in high trophic level
predators such as C. limbatus, E. diacanthus and G. suppositus. Large
scale predation by C. limbatus on the low trophic level oil sardine, S.
longiceps is probably due to the abundance of the oil sardine along the
Karnataka coast.

It may also be concluded that pelagic teleosts such as sardines, anchovies,
and carangids formed significant proportions in the diet of many demersal
predators and hence, pelagic teleosts significantly support the benthic
production along the Karnataka coast. Acefes feeders are dominant in the
ecosystem. Six carnivores including two true Acetes feeders (O. cuvieri
and P. hamrur) and other predators have a strong impact on the biomass
of Acetes spp along the Karnataka coast. In addition to Acetes spp, strong
predation impact was observed for penaeid prawns, epibenthic crabs and
detritus.

This information on trophic guilds and prey-predator interactions can be
used to construct trophic model on the benthic ecosystem off Karnataka
and to investigate fishery induced changes as well as predation impact of

different animals on commercially important demersals.
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