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Fishing the marine food web along the Indian coast
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Abstract

The annual mean trophic level (TrL) of marine fish landings along the Indian coast consisting of 53 exploited species/groups
was estimated for the period 1950–2002. The landings as well as TrL increased along the northwest (NW) and southwest (SW)
coasts. However, increase in the landings was associated with decrease in mean TrL along the east coast, particularly along
the southeast (SE) coast at the rate of 0.04 per decade. The increasing trend of the FIB index ceased in the last 5–10 years
along three coasts. A backward-bending signature in the landings versus TrL plot for the SE coast in the last 6 years indicates
fisheries-induced changes in the ecosystem owing to low productivity of the coastal waters and high density of fishing craft. The
landings of most of the large predators increased along the Indian coast, but higher removals appear to have helped proliferation
of their prey, the mid-level carnivores. Fishing the food web has been influenced by environmental fluctuations, advanced fishing
technologies, and market-driven, deliberate fishing on low-trophic level (TL) invertebrates such as the penaeid prawns.
© 2004 Elsevier B.V. All rights reserved.
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. Introduction

Assessment of exploited stocks has hitherto been
arried out using the classical single species-based
odels. These models generally take into account the

elationship of yield (or catch rate) with the fishing ef-
ort or relationship of yield with the population and
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other fishery related parameters. As a rule these
els ignore the biological interactions, the effect of
vironment and the effect of fishing on the ecos
tem. The ecosystem consideration of effect of fish
is gaining importance and has become a thrust
of investigation in assessment of exploited stock
is increasingly realized now that changes in eco
tems could be due to ecological and exploitation
rameters either singly or in combination, and he
the assessment of stocks need to be tuned accord
(Caddy and Garibaldi, 2000). Pauly et al. (1998)ex-
amined the FAO capture fisheries production data
for 1950–1994 in terms of trophic levels of the ca
and showed that landings from global fisheries h
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shifted from large piscivorous fishes toward small in-
vertebrates and planktivorous fishes, a process now
called “fishing down marine food webs”. They esti-
mated that the trophic levels of fisheries landings de-
clined at a rate of about 0.1 per decade. One concern
about this trend is that fishing may cause large and
valuable predatory fish to be replaced by other species
lower down the food web. This may not only affect the
value of fisheries, but may cause significant problems in
the structure and function of marine ecosystems (FAO,
2001).

The gradual decline in the mean trophic level of fish
landings is significant in the Eastern North and Cen-
tral Atlantic, Southeast Pacific, Mediterranean Sea, and
Black Sea (Caddy and Garibaldi, 2000). In the tropical
belt, this trend is not very marked but does occur, as
evidenced in the Gulf of Thailand (Christensen, 1998).
Along the Indian coast, there has been an unprece-
dented expansion of fishing fleets in the last half cen-
tury and the fish landings has increased by more than
five times (Devaraj and Vivekanandan, 1999; Srinath,
2003). However, it is not known whether the increase in
the landings has been achieved by fishing down the food
web. In the present paper, the trend in fishing the ma-
rine food web along the Indian coast during 1950–2002
has been analysed. Since further expansion of fleet and
application of new fishing technologies have to be done
more carefully than in the past, the analysis is expected
to help plan strategies for realizing better productivity
from the food web occurring in the Indian seas.
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Table 1
Trophic level (TL) of commercially important fish groups/species
along the Indian coast (afterVivekanandan et al., in press)
Group/species Number of species Mean TL

Herbivores and Detritivores (TL: 2.00–2.50)
Hilsa 1 2.00
Mullets 11 2.42
Oil sardine 1 2.50

Omnivores (TL: 2.51–3.00)
Penaeid prawns 29 2.51
Non-penaeid prawns 3 2.51
Crabs 9 2.70
Other shads 11 2.98
Stomatopods 5 3.00

Mid-level carnivores (TL: 3.01–3.50)
Lesser sardines 11 3.15
Silverbellies 12 3.17
Whitebaits 8 3.20
Whitefish 1 3.20
Flying fishes 2 3.20
Pomfrets 2 3.20
Other perches 114 3.20
Lobsters 6 3.20
Other clupeids 6 3.27
Setipinna 2 3.30
Unicorn cod 1 3.30
Octopus 6 3.30
Miscellaneous 73 3.33
Coilia 4 3.35
Soles 18 3.39
Thryssa 11 3.40
Indian mackerels 2 3.40
Flounders 10 3.42
Catfishes 14 3.44
Sciaenids 32 3.50
Cuttlefishes 6 3.50

High-level carnivores (TL: 3.51–4.00)
Threadfin breams 14 3.53
Goatfishes 5 3.54
Threadfins 7 3.55
Rays 28 3.58
Halfbeak and fullbeaks 6 3.60
Pigface breams 14 3.61
Bombayduck 1 3.70
Squids 6 3.70
Scads 9 3.76
Eels 9 3.84
Snappers 60 3.88
Rockcods 18 3.90
Sharks 42 4.00

Top predators (TL: >4.01)
Other carangids 35 4.07
Leatherjackets 4 4.15
Ribbonfishes 6 4.20
Lizardfishes 4 4.30
Wolf herrings 2 4.35
Horse mackerel 1 4.40
Indian halibut 1 4.40
Barracudas 4 4.40
Seerfishes 5 4.40
Tunas 9 4.40
Billfishes 6 4.52
. Material and methods

For the analysis, two data sets were used. The
ata set on the trophic levels (TL) for 707 specie
sh, crustaceans and cephalopods covering 53
ercially exploited species/groups along the Ind

oast was obtained fromVivekanandan et al. (in pres.
he mean trophic level of the exploited groups is gi

n Table 1.
The second set comprises data on the fish land

n four coastal zones, viz., northwest (NW), southw
SW), northeast (NE), and southeast (SE) along
ndian coast (Fig. 1) for the years from 1950 to 200
hich was collected and published annually by Cen
arine Fisheries Research Institute, Kochi, India.

onation is based on the dominance of fish groups i
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Fig. 1. Four coastal zones along the Indian coast; the maritime states are also indicaled.

landings. For instance, the most dominant groups in the
landings during 1981–2002 along the NW coast were
the bombayduck, sciaenids, and non-penaeid prawns,
whereas along the SW coast, the oil sardine, Indian
mackerel, and carangids were dominant (Table 2). Only
2 groups, namely the penaeid prawns and cephalopods
were common in the list of top 10 groups in the NW and
SW coasts, and 4 groups were common among the NE
and SE coasts. On the other hand, eight groups were
common among the NW and NE coasts, indicating the
latitudinal similarity in distribution of fish stocks.

To understand the trend in fishing the marine food
web, the two data sets were analysed as follows:

(i) The mean trophic level (TrLi) for a given yeari
was estimated by multiplying the landings (Yi) by
the trophic levels of the individual species/groups

j, then taking a weighted mean (Pauly et al., 1998),
that is,

TrLi =
∑

ij TLjYij∑
Yij

where TLj is the trophic level of individ-
ual species/groupj, Yij the landings of that
species/group,�ij the summation of all values of
(TL j × Yij ), and�Yij is the total landings of all
species/groups. The decline, if any, in the TrLi

over the years is considered as “fishing down the
marine food web”.

(ii) The observed trends were interpreted by plotting
the TrLi against landings. This interpretation fa-
cilitated analysis of the relationship between the
landings and fishing the food web.
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Table 2
Landings (% of total landings of respective coast) of top 10 groups in each coastal zone (based on annual average landings during 1981–2002)

NW coast SW coast NE coast SE coast All four coasts

1 Bombayduck 12.8 Oil sardine 20.0 Sciaenids 15.3 Lesser sardines 11.1 Oil sardine 8.6
2 Sciaenids 11.1 Indian mackerel 13.0 Hilsa shad 12.0 Silverbellies 9.7 Penaeid prawns 7.9
3 Non-penaeid prawns 9.4 Carangids 9.1 Bombayduck 8.0 Oil sardine 7.2 Indian mackerel 6.6
4 Penaeid prawns 9.4 Penaeid prawns 8.0 Catfish 8.0 Penaeid prawns 6.6 Sciaenids 6.4
5 Ribbonfishes 8.3 Whitebaits 5.7 Pomfrets 5.3 Indian mackerel 5.3 Carangids 5.1
6 Cephalopods 4.3 Threadfin breams 5.4 Ribbonfishes 5.2 Carangids 4.6 Bombayduck 5.0
7 Catfishes 3.5 Stomatopods 5.2 Penaeid prawns 5.0 Sciaenids 4.1 Ribbonfishes 4.8
8 Coilia 3.4 Cephalopods 3.9 Non-penaeid prawns 4.2 Whitebaits 4.1 Non-penaeid prawns 4.4
9 Pomfrets 3.0 Soles 3.3 Lesser sardines 3.9 Ribbonfishes 3.0 Lesser sardines 4.2

10 Sharks 2.8 Lesser sardines 3.0 Coilia 2.5 Rays 2.6 Cephalopods 3.3

Total 69.7 77.6 69.4 58.3 56.3

(iii) The exploited fishery groups were categorized into
three groups: trophic category 1 (TrC1) consist-
ing of herbivores, detritivores and omnivores (TL:
2.00–3.00); trophic category 2 (TrC2) consist-
ing of mid-level carnivores (TL: 3.01–3.50) and
trophic category 3 (TrC3) consisting of high-level
carnivores and top predators (TL: >3.51). The con-
tribution of each category to the total landings was
determined. This analysis is considered useful for
monitoring ecosystem change. Declines in the per-
centage of higher categories can be a result of fish-
ing down marine food webs (Caddy and Garibaldi,
2000).

(iv) A fair evaluation of the impacts of a fishery should
not be based on an index such as the mean TrL,
which simply declines as the fishery moves down
the food web (Pauly et al., 2000). Rather, it should
be based on an index that should decline only when
catches do not increase as expected. An index de-
veloped byPauly et al. (2000), which indicated
whether a fishery is balanced (FIB) in ecological
term or not, was used for the present analysis. The
FIB index for any yeari in a series is defined by:

FIB = log

(
Yi ×

(
1

TE

)TrLi
)

− log

(
Y0 ×

(
1

TE

)TrL0
)

cy
to

l in

the catch, and 0 refers to any year used as a base-
line. TE was considered as 0.1 followingPauly and
Christensen (1995). In the equation given above,
the TE for production has been applied for the
landings.

This analysis did not consider the discards. The
bottom trawlers discard low-value juveniles for which
proper estimates are not available.Kurup et al. (2003)
estimated the discard along the Kerala coast (south-
ern part of the SW coast) as about 15% of the trawl
catch in 2001 and 2002. The discard comprised of car-
nivores (TL: <3.55) such as the threadfin breams, goat-
fishes, sciaenids, cephalopods, crabs, and non-penaeid
prawns. Had all those caught were included for the
analysis, one should expect fishing down the food web
to have been more visible than the one shown here.
However, the magnitude of the effect of discard on the
catch versus mean TrL signature could not be evaluated
without data on the species/group composition in the
discard along the entire Indian coast.

3. Results

3.1. NW coast

The landings along the NW coast increased consid-
erably from 0.45 million tones (mt) in 1975 to 1.05 mt
in 2000 (Fig. 2a). The mean TrL, which was between
3 elop-
m and
3 gher
(

whereY is the landings, TE the transfer efficien
(the fraction of production passing from one TL
the next higher TL), TrL the mean trophic leve
.05 and 3.30 in the 1950s, increased after the dev
ent of the fisheries and remained between 3.35
.42 in the 1980s and 1990s. The mean TrL was hi
3.39) in the 1990s than in the 1950s (3.18).
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Fig. 2. Trends in parameters related to fishing the food web along the northwest coast.

The substantial increase in the landings during
1990–2000 was achieved with the TrL remaining
almost stable (Fig. 2b). A notable feature of the
NW coast is the higher contribution of the TrC3
(high-level carnivores and top predators) than that
of TrC2 and TrC1 to the total landings (Fig. 2c).
Along the NW coast, the landings of the following top
predators (TrL: >4.0) increased substantially: sharks,
lizardfishes, rockcods, ribbonfishes, horse mackerel,
seerfishes, tunas, barracudas (since 1991), and In-
dian halibut (increased during 1989–1994, but de-
clined thereafter). Evidently, the top predators are be-
ing targeted in the later years with improved fishing
capabilities.

A continuous upward trend in the FIB was observed
through the five decades, and especially after 1972
(Fig. 2d) indicating the development of the fishery.
Among the four zones, the FIB index was highest for
the NW coast, remaining above 1.0 for 14 years be-
tween 1989 and 2002.

3.2. SW coast

Along the SW coast, where fisheries was well devel-
oped much before that of the NW coast, the landings

increased from 0.25 mt in 1950 to 0.91 mt in 1990, but
remained almost stagnant at around 0.78 mt in the last
12 years (Fig. 3a). Among the four coastal zones, (a)
the lowest annual TrL (2.75 in 1964), (b) the lowest
mean TrL (3.14) during 1950–2002, and (c) the max-
imum fluctuation in the annual TrL (CV: 5.4%) was
along the SW coast.

The plot of mean TrL against the landings along
the SW coast had a signature marked by abrupt phase
shifts (Fig. 3b). The SW coast is a classical example of
upwelling-driven fisheries, where the fisheries are har-
vested largely by phyto-and-zooplanktivores (such as
the oil sardine, lesser sardines, and Indian mackerel),
responding by major fluctuations in biomass to changes
in primary productivity associated with upwelling nu-
trients. The contribution of TrC1 and TrC2 was high
for most of the years, indicating the dominance of
fish groups in low-trophic categories (Fig. 3c). How-
ever, the percentage of TrC3 increased in the 1990s.
Among the top predators (TrL: >4.0), the landings of
ribbonfishes and barracudas increased since the mid
1980s. However, the landings of other top predators
such as the seerfishes and tunas, which were high dur-
ing 1985–2000, sharply declined in 2001 and 2002, and
that of the sharks continuously decreased since 1989.
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Fig. 3. Trends in parameters related to fishing the food web along the southwest coast.

The landings of penaeid prawns (TrL: 2.5), crabs (TrL:
2.7), and stomatopods (TrL: 3.0) increased since the
mid 1980s, but that of the cephalopods (TrL: 3.5) de-
creased during 1998–2002.

The FIB index was below zero for several years until
1970, increased in the 1980s, and was high (>0.410) in
the 1990s (Fig. 3d). The highest FIB was only 0.572
(1996).

Fig. 4. Trends in parameters related to fishing the food web along the northeast coast.
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Fig. 5. Trends in parameters related to fishing the food web along the southeast coast of India.

3.3. NE coast

In the early years (1950–1965), when the landings
were very low, the TrL fluctuated widely (Fig. 4a).
In the later years (1988–1997), considerable increase
in the landings was associated with steep decline in
the TrL from 1989 to 1997. The mean TrL was lower
in the 1990s (3.22) compared with that in the 1950s
(3.30). Since the early 1980s, the plot of mean TrL
against the landings had the signature of a declin-
ing trend in the mean TrL with increasing landings
(Fig. 4b).

The percentage of TrC2 was high in all the years
(Fig. 4c). However, the contribution of TrC2 decreased
in the last 12 years, and TrC1 gradually replaced TrC2.
The landings of the lesser sardines,Hilsa shad,Coilia,
SetipinnaandThryssa, sciaenids, cephalopods, and pe-
naeid and non-penaeid prawns increased in the 1990s.
Among the large predators, the landings of bombay-
duck, ribbonfishes, and horse mackerel increased. The
FIB index was below zero during most of the years
until the mid 1960s. However, the FIB showed an up-
ward trend in the later years and reached 1.2 in 2002
(Fig. 4d).

3.4. SE coast

The landings along the SE coast increased from
0.17 mt in 1950 to 0.61 mt in 2002 (Fig. 5a). However,
the TrL decreased from 3.58 in 1958 to 3.32 in 2002.
Among the four coastal zones, the mean TrL was found
to decrease conspicuously along the SE coast, indicat-
ing a gradual transition in landings from piscivorous
predators toward planktivorous pelagic fish and inver-
tebrates.

The plot of mean TrL against the landings clearly in-
dicated that the landings increased by exploiting fishes
in low-trophic level i.e., by fishing down the food web
(Fig. 5b). In the last 6 years (1997–2002), the tendency
of the signature to bend backwards indicates that in-
crease in the landings may not be possible any more
despite decline in the TrL. The contribution of TrC3,
which was 41.7% to the total landings in 1958, grad-
ually decreased to 25.7% in 2002 (Fig. 5c), and the
contribution of TrC1 increased from 4.8 to 22.6% dur-
ing the corresponding period. However, it is interesting
to note that the landings of fishes higher in the TrL did
not decrease during 1950–2002. The landings of the
top predators, viz., the lizardfishes, rockcods, horse
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Fig. 6. Trends in parameters related to fishing the food web along the Indian coast.

mackerel, seerfishes, and barracudas increased in the
1990s. In the last two decades, the landings of other
predators such as the sharks, ribbonfishes, tunas, and
Indian halibut did not increase, but did not decrease
either. One of the major changes in the fisheries along
the SE coast is the incursion of the oil sardine (TL:
2.5). The oil sardine, which did not contribute substan-
tially to the fishery during 1950–1988 (annual landings:
0–4533 t), suddenly emerged as a major fishery in 1989
(21,331 t), and since then, continued to increase in the
landings, reached 111,540 t in 1997, but decreased to
33,202 t in 2002. The oil sardine landings contributed
5.1, 16.2, and 5.4% to the total landings along the SE
coast in 1989, 1997, and 2002, respectively. The emer-
gence of a fishery for the oil sardine has reduced the
mean TrL of the fishery rather than the decline in the
landings of large predatory fishes. In addition to the oil
sardine, the landings of other groups with low-TrL such
as the penaeid prawns consistently increased in the last
two decades, and that of the lesser sardines, crabs and
cephalopods in the 1990s.

The FIB index increased during the time series,
peaked at 0.476 in 1983, and did not increase there-
after (Fig. 5d).

3.5. All four coastal zones

The marine fish landings along the Indian coast in-
creased from 0.5 mt in 1950 to 2.6 mt in 2002 (Fig. 6a).
The landings showed the following three trends: (i)
gradual increase from 0.5 mt in 1950 to 1.1 mt in 1970;
(ii) accelerated increase in the 1970s and 1980s (2.1 mt
in 1989) and (iii) decline in the annual rate of produc-
tion in the 1990s (2.6 mt in 2002).

The mean annual TrL of the exploited stocks showed
the following trends: (i) wide fluctuations in the 1950s
and 1960s, but a general decrease from 3.28 in 1950
to the lowest of 3.07 in 1968; (ii) increase from 3.07
in 1968 to 3.37 in 1992 and (iii) decrease from 3.37 in
1992 to 3.31 in 2002. In the first two decades and in the
last decade, the mean TrL decreased with increase in the
landings, but in the 1970s and 1980s, the mean TrL in-
creased along with the landings. A dip in the mean TrL
occurred during 1964–1968 because of large catches
of the oil sardine (annual average landings: 0.27 mt
compared to 0.11 mt during 1960–1963) along the SW
coast. The SW coast, which experiences upwelling dur-
ing southwest monsoon, replenishes plankton popula-
tion and supports plankton feeding small pelagics such
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as the oil sardine. During 1964–1968, the oil sardine
landings along the SW coast alone contributed 31% to
the total marine landings along the Indian coast.

The signature of the plot of TrL against the landings
for the Indian coast was vertically fluctuating during
1950–1970 with less horizontal extension compared to
1985–2002 (Fig. 6b). The signature indicates that (i)
when the landings did not considerably increase dur-
ing 1950–1970, the TrL fluctuated widely; (ii) the in-
crease in the landings during 1971–1985 was due to
exploitation of demersal mid-level carnivorous fishes
(TrL: 3.01–3.50) by the bottom trawlers and (iii) the
increase in the landings during 1986–2002 was due to
a top-down response of the TrL from 1986 to 1990 and
from 1993 to 2002.

The contribution TrC3 increased from 21.2% in
1970 to 32.0% in 2000 (Fig. 6c). On the other hand,
the contribution of TrC1 decreased from 34.5 to 22.9%
during the corresponding period.

The FIB index, which was low for the Indian coast
during 1950–1968, showed an upward trend until 1992
(Fig. 6d) owing to increases of both the landings and
mean TrL, suggesting that the fishery was expanding
for nearly 25 years (from 1969 to 1992) to stocks pre-
viously not, or only lightly exploited. After 1992, the
catches increased, but the TrL decreased, thereby ar-
resting the upward trend in the FIB.

4. Discussion

phic
l of
fi atic,
b ing
a ;

Kondoh, 2003). It is possible that variability in food
web model may also be due to fisheries impacts, but
this needs to be validated. Nevertheless, this analy-
sis provides a good picture of the components of the
ecosystem targeted by the fishery.

Among the four coastal zones, the SW coast ex-
periences upwelling during southwest monsoon and
is rich in productivity. The NW coast has the largest
inshore (<50 m depth) area (90,000 km2) and maxi-
mum number of mechanized vessels (23,618) (Table 3).
The intensity of mechanized vessels (0.39 boat/km2)
and catch (31.6 t/km2) are highest along the SW coast.
The number of mechanized and motorized (boats with
outboard motor) boats increased in all the coastal
zones during 1961–1998. However, the number of non-
motorized (traditional) boats decreased except along
the NE coast. The increase in fishing activity could be
discerned from the increase in the number of mecha-
nized boats by 7.4 times along the Indian coast.

The analysis of the TrL and FIB values revealed dis-
tinct differences between the coastal zones (Table 4).
Due to the predominance and fluctuations of small
pelagics in the fishery, the SW coast remains as a dis-
tinct entity with the lowest mean trophic value (3.14),
but with the highest CV (5.14%). The mean TrL was
highest (3.45) along the SE coast with lowest CV
(2.30%). The CV of FIB indicates more variations com-
pared to the variations in TrL, which reflects relative
variation in the landings.

The decadal trend of TrL indicates that the mean
dur-
the
duc-
ring
ith
rC3

T
F

C er of c

nized

199

N 0.26
S 0.39
N 0.23
S 0.25
A 0.27
One of the arguments against use of mean tro
evel of the catch and/or FIB as reliable indicators
sheries impacts is that the food web model is not st
ut is variable along time, and due to diet switch
nd variable prey preferences (McCann et al., 1998

able 3
isheries profile of four coastal zones in the Indian mainland

oastal zone Length (km) Area upto 50 m depth
(×103 km2)

Numb

Mecha

1961

orthwest 2347 90 0.04
outhwest 994 24 0.08
ortheast 640 27 0.002
outheast 2020 40 0.03
ll 4 zones 6001 181 0.04
TrL has decreased along the SE coast, from 3.53
ing 1953–1962 to 3.32 during 1993–2002, i.e. at
rate of 0.04 per decade. There was marginal re
tion along the NE coast too, but for the increase du
1983–1992. The correlation analysis of TrL, FIB w
the total catch and catches of TrC1, TrC2 and T

raft/km2 Landings (t/km2)

Motorized Non-motorized 1961 1998

8 1961 1998 1961 1998

0.00 0.06 0.12 0.08 2.3 12.4
0.00 0.74 1.21 0.71 12.0 31.6
0.00 0.15 0.13 0.28 0.3 4.9
0.00 0.6 1.23 1.11 4.5 12.2
0.00 0.28 0.51 0.42 3.8 14.6
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Table 4
Decadal changes in mean TrL and FIB values

Period NW coast SW coast NE coast SE coast

TrL FIB TrL FIB TrL FIB TrL FIB

1953–1962 3.27 0.48 3.12 −0.22 3.32 −0.18 3.52 0.03
1963–1972 3.33 0.49 2.94 −0.16 3.28 0.13 3.51 0.19
1973–1982 3.34 0.76 3.09 0.06 3.27 0.52 3.48 0.36
1983–1992 3.38 0.96 3.21 0.33 3.33 0.87 3.43 0.41
1993–2002 3.38 1.13 3.28 0.46 3.22 0.99 3.32 0.45

Mean 3.32 0.72 3.14 0.09 3.29 0.43 3.45 0.27

CV (%) 2.80 43.10 5.40 312.70 2.60 113.40 2.30 66.00

indicates that the increased landings are associated with
lowering of TrL along the east coast, but increased land-
ings are positively correlated with mean TrL along the
west coast (Table 5).

Table 5
Corrleation analysis of TrL and FIB with total catch and catch of
each TrC

Catch TrL FIB TrC1 TrC2 TrC3

NW coast
Catch 1.000
TrL 0.481 1.000
FIB 0.921 0.741 1.000
TrC1 0.964 0.288 0.824 1.000
TrC2 0.983 0.449 0.897 0.934 1.000
TrC3 0.976 0.614 0.951 0.903 0.936 1.000

SW coast
Catch 1.000
TrL 0.229 1.000
FIB 0.873 0.647 1.000
TrC1 0.642 −0.533 0.232 1.000
TrC2 0.868 0.524 0.925 0.243 1.000
TrC3 0.886 0.560 0.937 0.297 0.831 1.000

NE coast
Catch 1.000
TrL −0.271 1.000
FIB 0.889 −0.094 1.000
TrC1 0.956 −0.462 0.793 1.000
TrC2 0.979 −0.160 0.920 0.886 1.000
TrC3 0.984 −0.253 0.844 0.948 0.942 1.000

SE coast
Catch 1.000

0

The difference in the decadal trend of the fishery be-
tween the coastal zones is due to the innate differences
in the productivity between the coastal zones. The Ara-
bian Sea in the west coast of India is one of the most
productive regions in the world oceans. Due to several
physical and chemical processes, the surface chloro-
phyll a in the Arabian Sea (0.32–1.12 mg/m3) is four
to five times greater compared to the Bay of Bengal in
the east coast (0.06–0.28 mg/m3) (Prasanna Kumar et
al., 2002). Whereas upwelling enhances the productiv-
ity and abundance of planktivores along the SW coast,
sinking process during winter substantially increases
the productivity of detritus and abundance of demer-
sals along the NW coast (Banse and McClain, 1986;
Bhattathiri et al., 1996). The biomass of benthic organ-
isms in the northernmost part of the Arabian Sea is very
high (38.5 g/m2) compared to the mean biomass of Bay
of Bengal (5.3 g/m2) (Parulekar et al., 1982). Because
of high productivity and resilience, the landings along
the west coast have increased without reduction in the
mean TrL.

Fishing the food web could be influenced by the
impacts of advancement of fishing technologies, and
changes in market-driven exploitation (Caddy and
Garibaldi, 2000; Stergiou, 2002). When the fishery
was in early stages of development in India during
1950–1965, the largest single-species fishery, viz., the
gillnet-based oil sardine fishery along the SW coast
influenced not only the total marine landings along
the entire Indian coast, but the mean TrL as well.
T
p is
d bil-
i

TrL −0.836 1.000
FIB 0.894 −0.541 1.000
TrC1 0.949 −0.901 0.732 1.000
TrC2 0.977 −0.768 0.936 0.868 1.000
TrC3 0.983 −0.787 0.896 0.929 0.945 1.00
he oil sardineSardinella longicepsis primarily a
hytoplanktivore with low-TL (2.50). The fishery
riven by upwelling and other environmental varia

ties, and rarely shows stability (Devaraj et al., 1997).
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For instance, the oil sardine catch along the SW coast
increased from 7412 t (1.0% of the total marine land-
ings in India) in 1956 to 191,469 t (21.9%) in the very
next year. In correspondence with the low oil sardine
landings, the mean TrL of the total marine landings
along the Indian coast was higher at 3.33 in 1956,
and with increase in the landings in 1957, the mean
TrL decreased to 3.17. Thus, the oil sardine fishery
was chiefly responsible for the mean TrL when the
fishery was underdeveloped. The major technologi-
cal advancements that occurred almost simultaneously
along the entire Indian coast changed the situation in
the later years. Introduction of bottom trawlers in the
1960s, high-opening trawlnet and synthetic gear ma-
terials in the 1970s, ringseines and minitrawls in the
1980s, motorization of artisanal craft in the mid 1980s,
and spread of the trawl fleets from core inshore fish-
ing grounds (<50 m depth) to relatively under exploited
deeper areas (>100 m depth) from the early 1990s are
some of the technological advancements responsible
for the increase in the marine fish landings during the
five decades (Devaraj and Vivekanandan, 1999). From
the late 1990s, the bottom trawlers have further ex-
tended the fishing grounds up to 400 m depth in pursuit
of deepsea prawns (Rajan et al., 2001). In the 2000s,
when the fishery is fully developed, the oil sardine land-
ings along the Indian coast touched an all time record of
364,860 t (13.8% of the total landings and 50% increase
from the earlier year), but the mean TrL decreased only
marginally (from 3.31 in 1999 to 3.29 in 2000). Thus,
t ean
T ev-
e y.

ow-
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a eco-
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c bse-
q the

FIB index for the last 20 years along the SE coast is
due to alarming increase in the fishing fleet strength.
The number of mechanized vessels increased by more
than eight times along the SE coast during 1961–1998,
which is higher than the increase along the NW and
SW coasts (Table 3). Assuming that fisheries along the
SE coast tend to switch from species with high-TL to
species with low-TL in response to changes of their
relative abundance, the backward-bending signature in
the catch versus TrL curve in the last 6 years may be
due to fisheries-induced changes in the food webs of
the ecosystem. Due to high fishing intensity vis-à-vis
low productivity, the fisheries is unable to sustain the
mean TrL along the SE coast. It appears that the catch
may decline along with the already declining TrL along
the SE coast in the next decades.
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