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Abstract

Tropical bottom trawling is among the most destructive fishing practices, catch-
ing large quantities of bycatch, which are usually discarded. We used question-
naire surveys of trawl fishers to look at changes in catches over the last 30 years
(1978-2008) along India’s Coromandel Coast. We show that catches and in-
come from target species have declined sharply over the last two decades.
Meanwhile, costs of fishing have increased substantially and now almost ex-
ceed income from target species. Over the same period, bycatch (which was
traditionally discarded) has now become increasingly marketable, being sold
for local consumption, and as fish meal to supply the region’s rapidly growing
poultry industry. Without this income from bycatch, the fishery would scarcely
be economically viable. While such a change in the use of bycatch is good news
in terms of reducing waste and improving livelihoods, it is also responsible for
pushing the Indian bottom trawl fishery beyond the economic extinction of its

doi: 10.1111/j.1755-263X.2010.00117.x target species.

Introduction

Commercial fishing is responsible for large-scale declines
and local extinctions of many species (Dulvy et al. 2003;
Jennings & Blanchard 2004; Scales et al. 2006; Scales et al.
2007) and presently 79% of fisheries worldwide are be-
lieved to be overexploited (FAO 2009). The nonspecific
nature of many fishing gears means that these fisheries
impact not merely their target species but many other
species besides, commonly referred to as bycatch (Hall
et al. 2000). Current estimates place annual global fish-
eries bycatch at around 38.5 million tonnes, represent-
ing ~40% of the total marine catch; most of it discarded
(Davies et al. 2009). Shrimp trawling, especially in trop-
ical waters, generates more bycatch than any other type
of fishery, accounting for over one-third of the global to-
tal (Kelleher 2005). Shrimp trawlers in the tropics catch
over 400 nontarget species, with a bycatch-to-shrimp ra-
tio by mass as high as 10:1 (Alverson et al. 1994), with
most of the bycatch traditionally discarded (Hall et al.
2000).

FAO estimates suggest that there have been reductions
in the amount of discards over time (Kelleher 2005; Zeller
& Pauly 2005). One factor contributing to this trend is an
increase in the landing of previously discarded trash fish
bycatch (Funge-Smith et al. 2005) that is processed as feed
for aquaculture and livestock, used as farm manure, and
in some cases, sold for human consumption (Nunoo et al.
2009).

In India, trawl fishing (aimed primarily at export mar-
kets) began in 1956 through funding provided by for-
eign aid organizations (Devaraj & Vivekanandan 1999).
Its introduction led to an increase in commercial landings
in the initial years. However, the trawlers’ efficient gear
led to a fairly rapid overfishing of commercially targeted
stocks (Bavinck 2001; Bhathal & Pauly 2008). Most re-
cently, like many other coastal nations of Asia and Africa,
India has seen an increase in the landing and use of pre-
viously discarded bycatch (Biju Kumar & Deepthi 2006).
In this article, we use interview techniques with local
fishers to document changes in the use of bycatch along
southeast India’s Coromandel Coast, and investigate its
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implications for the economics of shrimp trawling. We
used interview techniques rather than relying on catch
landing data because the fisheries statistics available for
this coast are restricted to traditionally targeted species
groups (Srinath 2006) with no data on bycatch.

Methods

Description of the trawl fishery along the
Coromandel Coast

Trawl fishing along Tamil Nadu’s Coromandel Coast
started in the 1960s in Chennai, the northernmost fish-
landing site, and was soon adopted at more southern
bases (Pondicherry, Cuddalore, Mudasalodoi, Pazhaiyar,
and Nagapattinam) between 1975 and 1985. Our study
focused on Nagapattinam, the largest fish-landing site,
with ~650 of the Coromandel’s ~1,800 trawlers operat-
ing from here (CMFRI 2007). Our study excludes Chen-
nai, whose ~650 trawlers operate mainly in Andhra
Pradesh to the north and do not contribute significantly
to trawling along the Coromandel Coast (Bavinck et al.
2008). To broaden our sample, we also conducted inter-
views at two of the smaller fish-landing sites—Pazhaiyar
(~210 trawlers) and Mudasalodoi (~60 trawlers), located
~70 and ~100 km north of Nagapattinam, respectively.
Fishing methods and target species are relatively ho-
mogenous along the entire Coromandel Coast, as a result
of relatively similar environmental conditions and pre-
vailing caste and kinship ties (Bavinck 2001).

Trawlers along the Coromandel Coast are restricted to
a maximum length of 50 ft, and a maximum engine
size of 110 hp. There is a strictly enforced 45-day fish-
ing ban (15 April-29 May) each year, common to the
entire state of Tamil Nadu (Bavinck et al. 2008) and the
Tamil Nadu Marine Fisheries Regulation Act of 1983, re-
quires that the first three nautical miles (5.56 km) from
shore be reserved for artisanal fishing. However, this is
not strictly enforced, and trawlers often fish closer to
the coast (Bavinck et al. 2008). Trawling operations are
mostly restricted to a depth of 50 m, and fishing trips
generally last 1-3 days (Devaraj & Vivekanandan 1999;
Bavinck ef al. 2008). An average of five trawls is con-
ducted over a 24-hour period, each lasting ~3 hour.

Components of the catch

Trawler catch is sorted as soon as it is hauled aboard,
and can be broadly divided into three categories: tar-
get, bycatch, and discards (Figure 1). In this article, we
use standard definitions from Kelleher 2005 and Funge-
Smith et al. 2005, adapting them to the local situation as
follows:
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Target catch

Species or an assemblage of species primarily sought by
the fishery (Kelleher 2005). The target catch for trawlers
along the Coromandel Coast includes penaeid shrimps,
swimming crabs, lobsters, cephalopods, and some high-
value fish. This catch is primarily destined for the ex-
port markets (mainly Japan, U.S.A, European Union,
and China) or distant domestic markets (Salagrama 1999;
MPEDA 2009).

Bycatch

Nontarget animals (Kelleher 2005), excluding discards
(see below). Along the Coromandel Coast, bycatch can
further be subdivided into commercial bycatch and trash
fish.

Commercial bycatch

Nontarget species sold for human consumption, generally
through local markets, and either eaten fresh or dried and
stored for later consumption.

Trash fish

Low-quality bycatch, generally of small-bodied species. It
is rarely consumed by people but sold for fish meal man-
ufacture (Funge-Smith et al. 2005).

Discards

Animal material in the catch that is thrown away at sea
(Kelleher 2005). In India, and the Coromandel Coast in
particular, most discards are of low-value species that
would otherwise be used as trash fish (Salagrama 1999;
Biju Kumar & Deepthi 2006).

While the distinction between Target and Bycatch is
clear in terms of species composition, price, handling,
and marketing, the boundaries between commercial by-
catch and trash fish are fuzzier—neither is a monitored
resource, and in interviews with fishers it was difficult
to adequately resolve the bycatch category. We therefore
use the term bycatch to include both commercial bycatch
and trash fish.

Interviews

We used semi-structured interviews to reconstruct trends
in fishing costs, landings and income from target species,
and bycatch over the last 30 years. We interviewed 26
trawler owners from Nagapattinam, representing ~4% of
trawler owners currently fishing from the base and over
50% of those who have owned trawlers continuously
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Trawler catch

TARGET CATCH

Crustaceans

Penaeid shrimp | Penasus
maonodon, Penacus

semisuicalus, Fenneropenaeus
indicus), Lobster (Palinurus

spp., Thenus orientalis); Swimming
crab (Porfunus spp., Charybdis
ferriatus)

Cephalopods
Squid (LoWge spp), Cuttlelish {Sepia
spp.) and Octopus (Octopus spp.)

Fish
Pomphret {Pampus argenteus), Sea

\

-

perch (Lates calcarifer), Snapper
(Leitfanus spp.), Emperor (Lethrinus
spp.), Barracuda (Sphyraena spp.),
Grouper {Epinepheius spp.,
Cephalophis spp.), Thraadfin bream

(Memipterus spp.), Anchowy
(Stolephorus spe.)

| Commercial bycatch | Trash fish |
/. N
Small undersized fish
Silvarballies | Leiognathus spp., Secufor
Medium sized fish spp.), Sardine (Sardinelia
Croaker (Johnivs spp., Parmna spp.), 500}, L'Zaml,'sn (Trachinocephalus
Small Garangids ( Decapterus myops, Saurida spp.), Cardinal figh
russelli, Carangoides spp., Caranx (Apogonidas) Leatharacket
spp. |, Lizardhsh (Saurida spp.), [Monmmmsaql Z
Goalfish (Lpeneus 5pp.), ‘_I'nggerf.sh [_Bal:.sr.uae:-. Puffer i
Woll harring (Chirocentrus dorab), (Telraodontidas) trash fish
Bigeye (Priacanthus spp.), ) ™ constitutes
Spiny flathead (Platycephalidae), g"'d'g.k cmsmmﬂ: discards
Ribbanfish | Trichivrus spp.), rab a'la'.nﬂa i .:r:ur.?
Batoid elasmobranchs (Himaniura spp.), Mantis shrimp (Squila spp.)
spp., Dasyatlis spo.. Torpedo spp., 2
Nareine spp., Narke spp. Echinoderms )
Rhinobatas spp..) (Sand dollars, urchins, starfish)
Molluscs
(Gastropods and Bivalves)
Juveniles of target catch and

ommercial bycatch

I a

A
I

markets dried fish

[ Sold for exports/distant domestic [

»

Sold to local markets as fresh or

i’ ™
] [ Sold as fishmeal

Figure 1 Diagrammatic representation of the categories and composition of the trawl catch along the Coromandel Coast. The lists are representative

but not comprehensive.

over the last 30 years. We also conducted five interviews
each at two other fish-landing sites—Pazhaiyar and Mu-
dasalodoi. In Mudasalodoi, we were only able to obtain
data for three points in time (1988, 1998, and 2008), as
trawling at this site only began in 1985.

Interviews were conducted between October and De-
cember 2008, in the homes of the trawler owners (to en-
sure the independence of responses). This work was con-
ducted after a 2-year long engagement with the fishers
of this region sampling trawl catches, giving us sufficient
time to gain their trust.

We asked trawler owners to estimate their average
catch masses (kg), gross incomes (in Indian Rupees, INR),
and costs (in INR) per fishing trip for the years 2008,
1998, 1988, and 1978. We also questioned them about
the number of trips they made per year for each time pe-
riod, and the average duration of each of these trips.

Finally, we conducted a series of interviews to track
the changing fate of the trash fish bycatch after it was

landed. We questioned five trash fish dealers in Nagapat-
tinam (representing ~12% of the dealers in the region) to
clarity the trash supply chain, and interviewed five poul-
try feed manufacturers in Nammakkal, the largest poultry
center in this region to determine the proportion of fish
meal in chicken feed. To put this trade within a larger
temporal context, we obtained data on the growth of the
poultry industry in India from the FAO statistics database
(http://faostat.fao.org).

Analysis

We used responses to our interviews with trawler owners
to express temporal trends in the Coromandel trawl fish-
ery in four ways: (1) annual catches of target species and
bycatch (average catch per trip multiplied by the num-
ber of trips per year); (2) catch per unit effort (CPUE)
for target and bycatch (average catch per trip divided by

Conservation Letters 00 (2010) 1-9  Copyright and Photocopying: ©2010 Wiley Periodicals, Inc. 3



Bycatch landing drives overfishing in India

A.S. Loboetal.

| NAGAPATTINAM (N=26) | [

PAZHAIYAR (N=5)

MUDASALODOI (N=5) |

70 A B 1 C
£ 60 .
g»: 50 1 ——Target
SE 40 - - ——Byctach
SE 301 1
£ 20 ] }\\
(7]
) b | /—(

0 . . . . . . . . : :

1978 1988 1998 2008 1978 1988 1998 2008 1978 1088 1998 2008

e 907 D 1 E 1F
o
£ 25 i
= ——Target
5~ 20 _
= ——Byctach
5<
o 7] 15 -
< _@ 2/1\\ i
O -
g . I/I/I___I i
5 A
s 5 i
= /

0 T T T T T

1978 1988 1998 2008 1978 1988 1998 2008 1978 1988 1998 2008

Figure 2 Changes in means (with standard errors) of annual catch (A, B, and C) and catch per unit effort (D, E, and F) of target and bycatch over the last
30 years, at Nagapattinam, Pazhaiyar, and Mudasalodoi. Numbers next to place names indicate number of trawler owners interviewed.

average trip duration); (3) mean annual income from tar-
get and bycatch, and costs (reported trip averages multi-
plied by the number of trips per year); and (4) net in-
come (costs subtracted from total income). All economic
values were adjusted to 2008 for inflation and expressed
in million INR using a GDP Deflator index for India
(www.econstats.com/weo/V005.htm).

Results

At Nagapattinam, reported annual catches of target
species rose steeply from 1978 to 1988, and less so in
the following decade (to 1998), before falling steeply to
2008 (Figure 2A). Reported landings of bycatch showed a
different pattern, rising steadily through to 1998 and de-
clining slightly since—though these figures exclude any
discards and, as such, are hard to interpret because the
proportion of bycatch caught that was landed has prob-
ably increased over time (Gordon 1991; Biju Kumar &
Deepthi 2006). Changes in CPUE (Figure 2D) on the
other hand show that for the target species there was
a rise in CPUE between 1978 and 1988, followed by a
steady decline over the following 20 years (1998-2008).
This decrease is likely to be an underestimate of the real

decline in target stocks over this interval, because the
trawlers in this region have steadily improved in effi-
ciency over the last 30 years (Bhathal & Pauly 2008). The
CPUE of bycatch on the other hand increased consistently
over the last 30 years (Figure 2D).

Though represented by small sample sizes, the other
two fish landing sites followed similar catch trends as
Nagapattinam. At Pazhaiyar, the reported annual target
catches grew between 1978 and 1998 and then declined
(Figure 2B). The target CPUE at this site increased in
the first decade (1978-1988) and marginally through to
the next decade, after which it declined. On the other
hand, both the annual catches and CPUE of bycatch in-
creased consistently over the last 30 years (Figure 2B
and E). Unlike other sites, at Mudasalodoi, reported tar-
get catch (total catch and CPUE) has declined over the
last 20 years (Figure 2C and F). At this location, all by-
catch was discarded in 1988, but trawlers were landing
bycatch in 1998 and continued to do so at similar levels in
2008.

Turning to trends in the economic performance of the
fishery, gross income from target species at Nagapatti-
nam increased in the first decade (1978-1988), and have
since declined (Figure 3A). Meanwhile, the costs of trawl-
ing increased fourfold between 1978 and 2008. Although
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Figure 3 Changes in means (with standard errors) of gross annual incomes from target, bycatch, and annual costs (A, B, and C), and net incomes (D, E,
and F) with and without bycatch over the past 30 years, at Nagapattinam, Pazhaiyar, and Mudasalodoi. All prices are adjusted for inflation and expressed

as 2008 INR (1USD = 46 INR).

the rise in gross income from target species outstripped
cost increases between 1978 and 1988 (so that net in-
come rose—Figure 3D), the subsequent declines in gross
income and increases in cost together mean that net in-
come from fishing target species has since fallen steeply,
and is now near-zero. However, trawler operations are
still profitable (though barely so) because of the con-
sistent increase in income from bycatch over the last
30 years (Figure 3A). Though this is still much lower
than income from target species, money from the sale
of bycatch keeps overall net income (just) above zero
(Figure 3D). At Pazhaiyar, gross income increased in the
first two decades (1978-1998) and then declined in 2008
(Figure 3B). At Mudasalodoi, the gross income of tar-
get catch started high in 1988 and has since declined
(Figure 3C). In terms of net income, at Pazhaiyar, this in-
creased 1978-1998, but has since declined (with or with-
out considering bycatch; Figure 3E). At Mudasalodoi, net
income was roughly similar 1988-1998 but has since de-
clined (Figure 3F). Unlike at Nagapattinam, both these
sites continued to remain profitable from the earnings of
target catches alone, with the income from bycatch mak-
ing only marginal improvements.

Interviews with trawler owners, trash fish dealers, and
poultry feed manufacturers revealed that during the first
decade of trawl fishing in this region, the trash fish was
either discarded or sold as cheap manure for agricultural
fields (Gordon 1991; Salagrama 1999). However over the
last two decades, there has been a growing demand for
trash fish from the poultry and (to a lesser extent) aqua-
culture sectors. Trawler owners now sell the trash fish to
dealers, who partially process it before selling it to poul-
try feed manufacturers. Fish meal comprises around 6%
of the final, processed feed. FAO data confirm the steady
growth in the poultry industry over the past 30 years
(Figure 4).

Discussion

All three sampled locations along the Coromandel show
sharp declines in target catch over the last decade
(1998-2008). The resulting decline in net income in Na-
gapattinam meant that the fishery has become reliant on
the income from bycatch to remain economically viable.
In Pazhaiyar and Mudasalodoi, the fishery continued to
remain profitable, with overall profits buffered by the
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Figure 4 Growth of the poultry industry in India expressed as the average number of live chickens per year (in millions). (source: http://faostat.fao.org).

extra income earned from bycatch. These two locations
presumably performed economically better than Nagap-
attinam because they had fewer trawlers (CMFRI 2007).
In addition, trawling was only introduced to Mudasalodoi
in 1985.

We recognize that relying on interviews with fishers
to reconstruct catch data across time is subject to error
because of imprecise recall. Interview techniques have
however been shown to be etfective, and often the only
available way to garner information from data-poor fish-
eries (Drew 2005; Saenz-Arroyo et al. 2005; Moreno et al.
2007; Ban et al. 2009), including information on fishing
effort and bycatch (Foster & Vincent 2010; Moore et al.
2010). It is also possible to validate interviews by com-
paring certain responses with other quantitative sources
(Gilchrist et al. 2005). We were unable to crosscheck our
interview data on bycatch, because standard monitor-
ing programs for marine landings in India focus largely
on target species (Srinath 2006). However, trends de-
rived from our interviews for target species broadly match
those from three other published datasets for target trawl
catches, one for the entire state of Tamil Nadu (Srinath
2006), and the other two for the Chennai fish land-
ing site for total target catches (Devaraj & Vivekanandan
1999) and penaeid shrimp catches (Thangaraj Subrama-
niam 2002). The catches in these three separate studies
peaked around the same period (1995-1998), which con-
forms to the trends in our study (Figure 5).

The increase in total catch of target species in Na-
gapattinam, during the first two decades of our study
(1978-1998) could be attributed to the introduction of
trawlers equipped with novel and efficient technology

to a region predominantly fished by nonmotorized arti-
sanal craft (Bavinck 2001). Over the past decade, how-
ever, total catch has declined steeply, reflecting a sus-
tained fall in CPUE of target species beginning in the
1990s (see also Devaraj & Vivekanandan 1999). These
declines are almost certainly due to increasing fishing
effort, common across India, which is now exhausting
near-shore resources (Bavinck 2005). Across southeast
India as a whole (of which the Coromandel Coast con-
stitutes nearly a third), the mechanized fleet (trawlers)
expanded eightfold between 1961 and1998 (Vivekanan-
dan et al. 2005). The effects of increasing trawler capacity
have probably been compounded by large-scale motor-
ization of artisanal craft in the last decade, particularly
in the wake of the 2004 tsunami (Pomeroy et al. 2006),
a process that has further increased fishing effort in this
region (Salagrama 2006; Salagrama & Koriya 2008).

Even at Pazhaiyar and Mudasalodoi, this increased ef-
fort is associated with falling catches, CPUE, and income.
At Nagapattinam, CPUE and income from target species
have fallen so greatly that, coupled with rising costs, the
fishery is no longer profitable based on its target catch
alone. By analyzing rarely reported data on nontarget
groups, we have been able to show that the Nagapat-
tinam fishery has remained economically viable (albeit
barely) by landing increasing amounts of bycatch. This
shift in behavior has been catalyzed by several changes in
the market for bycatch.

On the one hand, seafood (including commercial by-
catch) has become an increasingly important part of the
diet of the expanding middle class in India (Salagrama
2004). Several species of commercial bycatch are now
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Figure 5 Comparative trends of target trawl catches expressed as proportion of the maximum value for (A) Total target trawl catches for Tamil Nadu
(Srinath, 2006); (B) Total target trawl catches landed at Chennai (Devaraj & Vivekanandan 1999); and (C) Total penaeid shrimp trawl catches landed at

Chennai (Thangaraj Subramaniam 2002).

entering the market place, sold either fresh or dried for
later consumption. There is also a growing market for
processed bycatch food products (Zynudheen et al. 2004)
and nonfood fish products (Salin et al. 2005).

Alongside these new uses, the past two decades have
also seen growth in demand for trash fish, which is pro-
cessed to make fish meal for India’s rapidly expanding
poultry sector. Poultry production is currently growing
faster in India than elsewhere in Asia (Evans 2008) as the
country’s rising affluence fuels a shift away from vegetar-
ianism (Mehta et al. 2008). These trends are likely to con-
tinue through the next decade (Mohanty & Rajendran
2003), tfurther increasing demand for fish meal.

The implications of these changes for fish stocks and
trawling are profound. Bycatch appears to have served
as an important buffer sustaining the fishery, with tar-
get stocks near collapse and profits low. This has impor-
tant advantages. Trawlers are now wasting less bycatch
than they did when trawling first began (Gordon 1991;
Biju Kumar & Deepthi 2006), and the trash fish industry
generates employment for many (e.g., trash fish dealers,
sorters, and fish meal processors) and sustains the liveli-
hoods of trawl fishers. However, as the fishery begins to

Conservation Letters 00 (2010) 1-9  Copyright and Photocopying: ©2010 Wiley Periodicals, Inc.

increasingly depend on bycatch as a source of income,
there is a very real danger of fishing beyond the point of
collapse of the target species, which may never be able to
recover. We suggest that without greater consideration of
its ecosystem-wide effects, and far greater efforts to man-
age it sustainably, the bycatch-supported prolongation of
trawl fishing along the Coromandel Coast will lead to an
ecological catastrophe for nearshore marine populations
as well as the permanent loss of livelihoods for fishers,
and the large number of other individuals who presently
work in the bycatch industry.
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