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Abstract

Trawling which is the highest contributor to the
marine fishery in India has undergone sea change  as
a fishing technique and fishing pattern. During
recent years, the reduction of catch per unit effort
from existing fishing grounds led to various modi-
fications in trawl net design and trawling  opera-
tions, which has resulted in increase in fish produc-
tion. Impacts of trawling in Indian waters have been
monitored by various agencies during last 25 years.
Although there are a good number of articles in peer
reviewed journals, a huge quantity of useful infor-
mation still lies in the form of reports and grey
literature which is not easily available to the re-
searchers. This paper attempts to compile informa-
tion available from various research papers, reports
and presentations in seminars and symposia, to serve
as an updated guide for trawl impact studies. The
information are categorized as (i) impact on the
ecosystem, (ii) impact on fishery and (iii) impact on
biodiversity. The paper also analysis recent trends in
trawling like pelagic and high speed trawling in
Indian waters, taking up an example from the trawl
fishing off Karnataka, south west coast of India. It
was seen that after the introduction of high speed
pelagic trawling, some of the areas which were
unsuitable for trawling, have also been brought
under exploitation.  The utility of log book data in
resource conservation studies and the need for
incorporating spatial studies in trawling impact
assessment in the context of ecosystem stability and
fishery sustainability are also discussed.
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Introduction

The marine fisheries sector in India has witnessed
a phenomenal growth during the last five decades
both quantitatively and qualitatively. Indian marine
fish production which was fluctuating between 2.3
to 3.3 million t in 1990-2010, reached 3.9 million t
by 2012 (CMFRI, 2013).  Technological interventions
in the mechanised sector with enhanced  endurance
of fishing vessels, better fish finding and geo-
positioning equipments, better communication sys-
tems, storage facilities and coverage of far off
fishing grounds  improved marine fish production.
Contribution of mechanised sector (formed mainly
of trawlers and purse seiners) has dominated during
last four decades. By the end of 1990s, their
contribution was around 50% which increased to
65% by 2000 and to 78% in 2012 amounting to 3.08
million t of fish production (CMFRI, 2013).

Genesis of trawl fishery along Indian coast com-
menced with the introduction of a few boats by the
erstwhile Indo-Norwegian Project, in 1953. During
the last 60 years, changes have occurred especially
in the depth of operation, hours of operation per
fishing trip and species composition of the landings.
Many designs of two seam trawls, four seam trawls,
six seam trawls, bulged belly trawls, high opening
trawls and large mesh trawls were designed and
developed in India.  In the early sixties, the depth
of operation was up to 10-20 m, which extended up
to 30 m in 1967-70. During 1970-80, the depth of
operation further extended to 40 m and during 1980-
85 the trawlers operated up to a depth of 55 m.
During this period, night trawling and multi-day
trawling also were started. By 1985-1995, the depth
of operation extended up to 100 m and it further
went up to 150 m by 2000. Average fishing hours
per trawlers shows that during last two decades it
increased from 7 h in 1990 to more than 33 h by 2012
(Dineshbabu et al., 2013).

As the profits from the trawling operations in-
creased, there has been a unhealthy competition in
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exploitation of marine resources, which lead to
generation of huge quantity of bycatch and also
negative impact on marine biota (Dineshbabu et al.,
2013). The changes in fishing practices such as
introduction of pelagic trawls and target specific
trawl designs (Sayana et al., 2016) and introduction
of high speed engines have lead to conflicts and
sociological issues in marine fisheries sector. Spe-
cific research programs have been conducted at
different stations to study the impact of trawling on
physical structure of bottom, hydrographic param-
eters and impact on biota due to intensification of
trawling (Bhat, 2003; Zacharia, 2004; Thomas &
Kurup, 2006). Negative impacts of bottom trawling,
technologies for bycatch reduction, biodiversity
conservation and for minimisation of bottom im-
pacts for Indian waters have been discussed by
Meenakumari et al. (2009) and Boopendranath
(2012). The present paper reviews the multi-
dimensional impacts of trawling on the ecosystem,
fishery and biodiversity by compiling information
available from research papers, reports and
proceedinhgs of seminar and symposia. Along with
the review of existing literature on the trawl
impacts, spatial analysis of trawl operations and
mapping of fishing pressure have been carried out
along Karnataka coast, in line with “trawl foot print
analysis” (Black et al., 2013). The spatial trawling
operation details of fishing years 2007-2009 and
2012-2014 were compared to understand the extent
of change in trawling.

Materials and Methods

Available research papers as well as the project
reports of various agencies and seminar and sympo-
sia papers were collected and compiled (Bhat 2003;
Gowda, 2004; Zacharia, 2004). In order to under-
stand changes due to fishing pressure on the trawl
fishing ground, the spatial data of trawling collected
for years 2007-2009 and 2012-2014 (August-June)
were analysed in GIS platform. For the spatial
analysis of trawling operations, data were collected
from a commercial trawler (15.85 m L

OA
; 350 hp; trip

duration: 5-8 days) which was also used as sampling
boat. Specially designed logbooks were prepared
and the crew members were trained in data collec-
tion. By 2012, most of the trawlers were equipped for
high speed pelagic trawling with an installed engine
horsepower more than 400 hp and average trip
duration extended to 13 days. Along with sampling
boat data, fishing data on area of operation were also
collected from log sheet records of four commercial

trawlers. During 2007-2009, fishing information of
the 396 days of fishing in 43 cruises were recorded
from the sampling boat and for complementing the
operational area data, 1,520 days of fishing informa-
tion from four commercial trawlers in 165 cruises
were also collected. Similarly during 2012-2014, data
for 479 days of fishing in 52 cruises made by the
sampling trawler and 1,568 days data from four
commercial trawlers for 392 cruises were collected.
Fishing operations base map was prepared using the
data collected from the sampling boat. To make the
fishing area map as comprehensive as possible, data
collected from log sheet of commercial boats were
populated in the database, with the additional data
points if any, which was not figured in the sampling
boat operational data. ArcGIS software was used
(Black et al. 2013) for mapping of spatial distribution
of fishing  and for calculation of fishing area. ROV
recordings from “R. V. Rathnakar” operated by the
Geological Survey of India, Mangalore were utilized,
in order to study the bottom features of trawling
grounds.

Bottom trawling imparts both short-term and long-
term impacts to the marine ecosystem in terms of
physical and biological damages. In India, the
studies on the impact of trawling on hydrographic
parameters and bottom fauna were carried out since
the introduction of trawling (Table 1). Bottom
trawling inflicts impact on environmental param-
eters, sediment geochemistry, epifauna, infauna,
macrobenthos and meiobenthos. An increase in
turbidity, decrease in dissolved oxygen, reduction in
sediment, organic matter were found to effect the
ecology of the trawling grounds. Variations in
sediment texture, disparity in sediment water col-
umn fluxes of nutrients and changes in chlorophyll
content are the different physicochemical impacts
identified by various workers. Epifaunal seafloor
habitats destructions on seagrasses, seamounts and
coral reefs were observed in various critical ecosys-
tem in south east coast of India. This in turn were
found to impact the survival of a variety of marine
organisms and sessile fauna like sponges, hydroids,
anthozoans, bryozoans, gorgonians and polychaete
which depend on these habitats on food  and shelter.
An increase in abundance of opportunistic species
and a reduction in faunal diversity are the impacts
on infauna. This  may lead to change in the trophic
fabric of ecosystem and dietary shifts.

Complete elimination of bycatch and discards in
trawl fishery is an unrealistic goal. The efficient use
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Table 1. Literature on the impact of trawling on the hydrographic parameters, sediments  and biota of fishing ground

Impact categories Authors & year

Hydrographical parameters

1 Significant increase in turbidity noticed after trawling Zacharia, 2004; Bhat, 2003; Gowda, 2004

2 Decrease in the dissolved oxygen in bottom waters and Bhat, 2003; Gowda, 2004;
increase in nitrite-nitrogen, inorganic phosphate and Thomas et al., 2004
chlorophyll pigments.

3 Increase in turbidity and long lasting sediment clouds in Thomas et al., 2004;
the water column. Thomas & Kurup, 2006,

Sediment characteristics

4 Clay  fraction of the sediment texture altered into more Thomas & Kurup, 2006
sandy and silty after trawling in the muddy bottom of
0-40 m depth

2 A reduction was observed in clay proportion of the sediment Zacharia et al., 2005
after trawling.

3. Reduction in organic matter was noticed due to the scraping Thomas & Kurup, 2005; Raman, 2006
sediment surface by otter boards and nets

4 The study on the sediment characteristics in different depths Bhagirathan et al., 2009
carried out in the trawling grounds by experimental trawling
showed that trawling reduced the organic content at varied depth.

Benthic biota

Epifauna:

5 The damage inflicted to epifauna was evident from the Bhat, 2003 Raman, 2006
enormous amount of dead shells obtained in trawled areas Kurup et al., 2004
comparing to un-trawled areas.

6 The dislocated fauna mainly comprised of the benthic fauna Jagadis  et al., 2003
with the non-edible crab forming the dominant group followed
by echinoderms, stomatopods, molluscs, sponges and sea pens in
South East coast of India

7 Intense trawling after monsoon trawl ban  found to decrease Bhagirathan et al. 2008; 2014.
the epifauna and infauna in the trawling grounds off Veraval,
Gujarat. The major groups that sufferd depletion were
gastropods, polychaetes, corals etc.

8 Increase in the abundance and biomass and subsequent Zacharia, 2004; Kurup, 2004
decrease in diversity indices of macrobenthos is noted as an
immediate effect of trawling

9 Bivalves, gastropods, polychaetes, foraminiferans and Zacharia, 2004
scaphopods generally showed an increase after trawling while
some of the gastropods like Cerithium spp., Cavolina spp., and
Strombus spp. decreased after trawling

10 The increase in number of polychaetes has been attributed to the Gowda, 2004; Kurup, 2004
survival of opportunistic species in response to bottom trawling
Meiobenthos

11 There was a significant increase in the density of nematodes Zacharia, 2004
and foraminiferans, while that of harpacticoids, polychaetes,
kinorhynchs and molluscs decreased.

12 The increase in number of nematodes after trawling has been Gowda, 2004
attributed to the dominance of opportunistic species in response
to bottom trawling
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of discards as a potential source of food is suggested
as a measure to cope up with the reality. In tropical
countries, in addition to the targeted catch in
trawling, the bycatch are also having commercial
value as food for human, animals and other uses.
Driven by increased human population, shortage of
fish supplies from conventional sources and notably
by the growth of aquaculture, more and more
bycatch are being brought to the shore as low value
bycatch (LVB). This trend has led to substantial
reduction of discards from the trawl fishery. The
studies conducted in 2005 showed that the discards
from Indian fishery was above 20% of the catch. The
discards from Indian trawl fishery was closely
monitored by ICAR-Central Marine Fisheries Re-
search Institute (CMFRI) and the study showed that
there was a steady reduction of discards from
trawlers, which reduced to 12% in 2008 and then to
6% in 2011. The LVB was found to contribute an
additional revenue of Rs. 693 million for the trawl
operators in eight major trawl landing centres in
India, during 2011. This economic benefit and
encouragement from fish meal operators are leading
to increased landings of LVB (Dineshbabu et al.,
2013). Even though it improves the economy of the
fisheries sector, the trend is perceived to have a
profound influence on the ecosystem and also in
sustainability of fishery since most of the fishes
brought for fishmeal are juveniles of commercial
fishes. Considerable damage to the ecosystem due
to intensive trawling is being reported from various
trawl impact studies around Indian coast. Intensive
trawling with trawls having small codend mesh size
using high power engines is escalating the damages
to ecosystem and endangering the sustainability of
the fishery. The quantification of trawl bycatch and
discards have been a topic of concern for Indian
fisheries scientists and many studies have been
carried out to quantify the bycatch. Some of the
studies on estimation and quantification of bycatch
in trawl fisheries from various geographic areas
around Indian seas are given in the Table 2.

Boopendranath (2007; 2012) and Pravin et al. (2011)
have reviewed the different of Bycatch Reduction
Devices (BRD) worldwide. There are different
designs of BRDs and also operation based bycatch
reduction strategies. In tropical fishery scenario,
where various species at different phases of their life
cycle co-exists, mesh size regulation and similar
design based restrictions have a lot of practical
difficulties. It is suggested that the design based
BRDs in association with area closures and temporal

closures of trawling will be the best option for the
bycatch reduction in tropical waters. Report of the
Expert consultation on International guidelines for
bycatch management and reduction of discards
(FAO, 2010) suggested that closure of nursery/
spawning grounds or areas of special biological
significance can reduce bycatch and such measures
help in the creation of marine protected areas,
marine parks and zones reserved for traditional
fishing activities, for sustaining the biodiversity and
for improving marine fisheries.

There have been serious concerns over the impacts
of discards on the marine ecosystem. In recent
studies in India, the discarded bycatch as well as
bycatch landed for fish meal preparation were
found to constitute more than 50% of undersized
commercial species. If such a trend continues,
exploitation of juveniles can put these species or
population at risk of depletion. Ecosystems impacts,
which occur, due to discarding of the species of high
trophic importance may affect the ecosystem struc-
ture and integrity. Various workers attempted to
assess the loss of biodiversity and capture of
juveniles as trawl bycatch. (Table 3).

The modifications in trawl nets and trawling
operations has taken place at a fast pace since 2000
and during this period steel trawlers replaced
traditional wooden trawlers in large numbers. Low
profitability in trawling operations as a result of low
catch per unit and increase in fuel expenses have led
to unhealthy competition in trawl fishery which was
reflected in increasing installed engine power,
diversified trawl  designs, high storage capacity and
increasing trip duration. These modification hap-
pened at a fast pace without any scientific rationale,
management regulations and without any ecosys-
tem considerations. In order to understand impact
of such innovations in trawl fishery, data during
2007-2009 and 2012-2014 periods were analyzed.
Ever since regular spatial data collections on trawl
fishing operations started from 2007, a time series
database on daily fishing operations have been
maintained at CMFRI.  The fishing operation details
of 2007-2009 was analysed in GIS platform and
compared with fishing operational details of 2012-
2014. The period selected for the study reflects the
fast evolving modifications happening in trawl
fishing in South west coast of India. Multi-day
trawlers operated is 10 m to 150 m depth and the
total area covered off Malabar and Konkan coast
during 2009-2012 was estimated at 40,666 sq km
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(Fig. 1). During this period the sampling boat, as
well as four commercial boats avoided some of the
area within the operational boundary and GIS based
mapping of operation showed that  only  75% of the
area (approximately 30,221 sq km) were trawled.
The rest of the area was reported as unsuitable for
trawling by all the trawler operators. Unsuitable
features of the sea bottom with reef and rock prevent
trawling in about 10,455 sq. km area  within the
fishing ground polygon (Fig. 2). The comparative
study of fishing operations from these trawlers
during 2012-2014 showed that the fishing area is
extended within the fishing area polygon and about
90% of the area within fishing area polygon has been
brought under use, by using pelagic and high speed
off bottom trawl operations (Fig. 3). The amount of
juvenile bycatch brought in by the trawlers also
increased due to this innovations in trawling
operations (Dineshbabu et al., 2014).

The ROV recording of bottom features, taken during
2013 from the Geological Survey of India Vessel
“R.V. Rathnakar” (Fig. 3), shows the rough nature of
the bottom with rocks and reef like structures,
which is not conducive to bottom trawling and
hence may serve as a natural marine protected area
within the fishing ground. The comparative study
of the operational maps of 2007-2009 and 2012-2014
showed substantial encroachment of trawlers in a
naturally protected marine ecosystem by means of
pelagic trawling with high power engines. Probably
these kind of natural  protected area within the
trawling ecosystem of Indian waters may be one of
the reasons for high resilience of the ecosystem.
There should be in-depth studies on the catch
coming from pelagic trawling to understand the
impact of the innovations on the fishery.

Spatial  studies of fishing operations help us to take
a precautionary approach to avoid collapse of

Table 2. Literature on estimation and quantification of bycatch and discards from trawl fisheries of India

1. Survey of bycatch in Indian marine fisheries,  79 percent of George et al., 1981
total landings in the shrimp trawl fishery consisted of
non-shrimp catch

2. Estimation the bycatch levels in India as part of Bay of Bengal Gordon, 1991
Programme of FAO.

3. Impact of bottom trawling on exploited resources along the southern Menon, 1996
region of Karnataka, Kerala and Tamil Nadu during 1985-90.

4. Estimation of bycatch landings along Cochin, Visakhapatnam Pillai, 1998
and in Saurashtra region (Gujarat).

5. Impact of coastal bottom trawling on demersal fishes and macro Menon et al. 2000
benthos along the west coast

6. The characterization and quantification of bycatch and discards Kurup et al., 2003; 2004
along Kerala coast

7. The characterization and quantification of bycatch and discards Zacharia, 2004
along Karnataka coast. Dineshbabu et al. 2010

8. Utilization of bycatch and its impact on fishery along the Lobo et al. 2010
Coromandel Coast Estimated bycatch from shrimp trawl in India Bhathal, 2005

9. Estimation of trawl bycatch was 22.5 lakh tonnes, thus the bycatch Chandrapal, 2005
represented 56.3 percent of the estimated total marine catch.

10. Analysis of reasons of increased bycatch landing in Karnataka Dineshbabu, et al., 2011

11. Spatio-temporal assessment of fishing grounds of bycatch and Dineshbabu et al., 2012
discards off Karnataka

12. Estimation of bycatch and discards of North Kerala Manojkumar & Pavithran 2012.

13. Application of GIS in trawl bycatch reduction Dineshbabu et al. 2012.

14. Appraisal of trawl fisheries of India with special reference to Dineshbabu, 2013;
bycatch and discards Dineshbabu et al. 2014.
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Table 3. Literature on impact of bycatch and discards from Indian trawl fisheries on biodiversity and fishery sustainability

Impacts Authors & year

1 Maximum discards along Karnataka coast in 1980s were represented by stomatopods. Menon, 1996

2 Along the southern region of Karnataka, Kerala and Tamil Nadu (south India) the Menon, 1996
discarded by-catch included many low-valued ground fishes (20 genera), crustaceans
(26 genera), gastropods (23 genera), bivalves (15 genera), polychaetes, anemones; sponges,
echioderms (10 genera), gorgonids, ascidians, echiurids, jelly fishes etc, besides the
unmarketable juveniles of fishes, prawns, crabs and cephalopods.

3 228 fin fish species belonging to 68 families had been identified as a constituent of finfish Sujatha, 1995
bycatch landed by small trawlers operating off Vishakapatanam (East coast of India).

4 87 species belonging to 42 families constituted 82.7% of the low value by-catch landed by Pravin &
mechanised trawlers operating off  Veraval (Northt west coast of India).  Sciaenids were the Manohardoss, 1996
major group contributing 15.6 per cent followed by engraulids (12.84%), ribbon fishes (8.9%), Zynudheen et al., 2004
penaeid and non penaeid prawns (8.2%), squids and cuttle fishes (7.7%), polymemids (4.9%),
white fish (4.2%), nemipterids (3.9%), leiognathids (3.3%), carangids (2.8%), flat fish (2.7%)
and others (7.7%). Balance 17.3 per cent is constituted by shells, jelly fish, squilla, crabs,
sea snakes and unidentified groups.

5 Discards from bottom trawlers of Kerala coast (South west coast of India) were represented Kurup et al., 2003
mainly by epifaunal species and juveniles of commercially valuable species and the discards
were represented by 103 species of finfishes, 65 gastropods, 12 bivalves, 8 shrimps,
2 stomatopods, 12 crabs, 5 cephalopods, 3 echinoderms and 4 jellyfishes

7 The discarded bycatch   of trawl fishery of Karnataka (South India) consisted of 53 species Zacharia et al., 2006
of fishes (23 always discarded), 12 crustaceans (6 always discarded), 27 molluscs
(22 always discarded) and 7 other invertebrates (always discarded).

8 Study on biodiversity of trawl bycatch off Kerala coast (South India)  recorded 534 species Bijukumar, 2008
associated with the trawl bycatch, which included 10 species each of Porifera and Cnidaria,
3 species of Annelida, one species each of Bryozoa and Sipunculida, 135 species of Mollusca,
72 species of Arthropoda, 18 species of Echinodermata, 279 species of Pisces and 5 species of Reptilia.

9 Bycatch composition of trawl landings of Kerala coast (South India) overall 217 species of Bijukumar &
fishes were recorded in the trawl bycatch, classified under 21 orders, 88 families and 155 genera, Deepthi, 2009
representing  predominantly by demersal (79 species) and reef-associated forms (78 species).

10 As per the observations on bycatch by single day  trawlers off Karnataka (South India) a Dineshbabu et al., 2010
total 35 species of finfishes, 20 species of crustaceans, 20 species of gastropods, 3 species of
cephalopods, 2 species of stomatopods, 3 species of echinoderms, 2 species of coelenterates
and one sea snake consisted the bycatch from single day trawlers.

11 In multiday trawlers the bycatch was constituted gastropods, echinoderms, gorgonids and Dineshbabu et al. 2010
sea snakes. Out of the 202 species identified, 45 species were of commercial value to the
fishery of Karnataka (South India)

12 281 species were identified from the trawl bycatch, off southwest coast of India. The bycatch Gibinkumar et al., 2012
included 191 species of fishes, 11 species of shrimps, 3 species of lobsters, 13 species of crabs,
11 species of cephalopods, 44 species of molluscan shells, 2 species of echinoderms, 2 species
of jelly fishes, 2 species of stomatopods and one species each of sea snake and sea turtle.

13 Resource damage due to landed low value bycatch along Indian coast was analysed. Following Dineshbabu et al. 2014
species,  represented  mostly by juveniles, were  identified from major trawl landing centres of
IndiaWest coast:Veraval: 41 species of fish, 13 species of crustaceans and 3 species of molluscs;
Mumbai: 51 species of fish, 20 species of crustaceans and 11species of molluscs; Karwar: 57 species
of fish, 10 species of crustaceans and 10 species of molluscs; Mangalore: 95 species of finfishes,
27 species of crustaceans and 20 species of molluscs.Calicut: 116 species of finfishes, 19 species
of crustaceans and 24 species of molluscs; Kochi: 25 species of finfishes, 16 species of crustaceans
and 15 species of molluscans East Coast Chennai: 102 species of finfishes, 64 species of
crustaceans, 26 species of molluscs; Vishakhapatnam: 65 species of finfishes, 20 species of
crustaceans and 6 species molluscs.

14 Juvenile bycatch from trawl fishery  found to affect the catch of stock of Nemipterus randalli Dineshbabu &
stock, The economic impact of the juvenile exploitation was projected. Radhakrishnan, 2009

15 Juvenile bycatch of Scomberomorus commerson from trawl fishery found to affect the fishery Dineshbabu et al., 2012
of seerfishes from gillnet.
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fishery by avoiding natural marine protected areas
within the fishing grounds. “Trawl footprint” is the
measurement and  mapping of geographical areas
which are being fished by trawling (Black et al.,
2013). In the countries, where the trawl fishery is
well managed, the database from log sheet submit-
ted were taken as the basis of the mapping. Trawl
foot print map will help in identifying the fishing
pressure exerted in different fishing grounds and
facilitate fisheries management and ecosystem con-
servation (Baird et al., 2011). Such studies also
provide database to carry out biomass assessment
of the resources available in swept area method
(Black et al., 2013).

Fig. 1. Mapping of fishing ground using the operational
data collected from commercial trawlers during
2007-2009. Arrow indicate the area studied for
bottom characteristics using ROV

Fig. 2. Mapping of intensity of fishing in the fishing grounds
off Karnataka using the operational data collected
from commercial trawlers during 2012-2014

Fig. 3. The ROV recording of the bottom characteristics of
the areas found avoided by trawlers during 2007-
2009, in the study area

In India, the log sheet maintenance is not a
mandatory requirement and hence mapping of
fishing ground was not possible. Off late, fishermen
who are concerned about the sustainability of the
fishery, are sharing the fishing data which is
producing very useful outputs. Globally trawl
footprint studies are being used to identify the
vulnerable marine ecosystems which will help to
focus the fishing impact studies based on the critical
nature of the fishing ground and such  tools give
a strong basis for participatory decision making on
effort reduction in terms of months and seasons
with stress on specific resources very effectively.
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