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Marine fisheries production, which was only 0.5 million
tonnes (mt) in 1950, increased through the time scale
and peaked to 2.7mt in 1997, Since by 1997 the
production (2.2 mt) from inshore waters (<50 m depth)
reached the catchable potential (2.2 mt), scope for
further increase in production from inshore waters is
limited. The active fishers’ population and the number
and efficiency of fishing vessels have substantially
increased. The improvements made so far on the craft
and gear technologies with an objective to increase fish
production are becoming counterproductive. Inappro-
priate exploitation patterns such as concentration of
80% of the total fishing effort in the inshore waters
and over-dependence on trawlers are showing signs of
detrimental effects on the fisheries. The catch rate of
fishing vessels in several fishing centres is on the decline;
the catch rate of the trawlers based at Chennai, for
instance, has declined from 110.8 kg/h (1991) 1o
29.7 kg/h (1997). The fishing mortality coefficient '
is higher than the natural mortality coefficient (M) for
most of the exploited stocks, and the ¢ :wrall M. F

proportion is 1:1.,9, Fast-growing and high-fecund
fishery groups such as prawns, cephalopods and many
telcosts have been able to withstand exploitation (hus
far, but the slow-growing and/or low-fecund groups
such as lobsters, sharks and catfishes are showing signs
of vulnerability. As the fishers will not limit the {ishing
operations until zero profitability threshhold is reached,
there is a need to regulate the fishing activities and
manage the fisheries. There are several biological,
economic, social and political factors for the non-
existence of effective management policies and for the
inadequate implementation of the existing policics.
The concept of responsible fishing needs to be prac-
tised by introducing limited entry; temporal as well
as spatial restrictions to sustain the coastal fisheries.
Other options are to increase production by encourag-
ing farsea fishing and utilizing remote sensing for
locating potential fishing zones; increase coastal pro-
ductivity by installing artificial fish habitats and sea-
ranching; and to adopt coastal land-based mariculture
and seafarming.

Tur status of marine fisheries in India is in a crucial
phase now. The production has progressively increased
by nearly 6 times during the past 50 years. However,
there are a few clear warning signals in the characteristics
of fish landings, which suggest that the resources in
the inshore waters are being fully exploited, and the
scope for increasing the production from the present
level is limited. During the earlicr phases of marine
capture fisheries development, the fisheries resources
remained rather under-utilized, whereas in the later phases
(especially in the 1990s), most of the resources have
been either fully exploited or, as feared, over-exploited.
Consequently, the present status of marine fisheries calls
for quick implementation of appropriate management
measures to sustain the production. However, the marine
fisheries sector, which has thus far enjoyed free access
to the resources, is not prepared to face stringent
restrictive management measures. Hence, regularization
of common property rights and introduction of the
concept of responsible fishing pose some difficulties.
Research on marine capture fisheries conducted by
the Central Marine Fisheries Research Institute (CMFRI)
prior to the 19805 centered around the development of
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marine fisheries and improvement of production. In the
succeeding years, the emphasis gradually shifted {rom
incrcnsing the catches to sustaining  them, and from
fisheries  exploitation  to fisheries management. The
CMFRI has identified the problems of the capture
fisheries sector, and evolved scientific and administrative
techniques helpful in tackling these problems. The input
for this paper is largely the outcome of the research
conducted by the CMFRI during the past five decades.

Status of marine fisheries

Capture fisheries constitute a highly productive sector,
a source of valuable food and employment, and a net
contributor to the balance of payment. For India, with
strong fisheries interests, the largest fish production
comes from the coastal capture fisheries, which contri-
bute, on an average, 62% of the total fish production
(including freshwater fish production). The marine
jurisdictional area (the Exclusive Economic Zone (EEZ))
is extensive, spanning 2.02 m km?, which is 38% of the
total (5.30 m km?) marine, freshwater and land areas of
the country. In the 3651 fishing villages situated along
the 8129 km coastline, about 1 million are employed,
full time, in marine capture fisheries (Table 1). The
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fishing sector, which is dominated by small-scale and
semi-industrial operations, supports several ancillary
industries such as boat building yards, processing plants,
etc. Of the marine products export of 385,818t valued
at Rs 47 billion during 1997-98 (ref. 1), about 310,000 t
(80%) was from the capture fisheries, but this formed
only 11.5% of the marine capture fisheries production.
In other words, the produce from the capture fisheries
contributes essentially to the domestic consumption
needs, and in some measure to the export trade.
Marine fish production in India is exclusively from
the capture fisheries, barring the annual production of
about 70,400t of brackishwater prawns through aqua-
culture’. Marine fish production, which was only 0.5 mt
in 1950, consistently increased through the time scale,
reached high levels of production and peaked to 2.7 mt
in 1997 (Figure 1). This phenomenal increase is largely
due to (i) the introduction of mechanized fishing vessels
and synthetic gear materials, and the development of
infrastructure for preservation, processing and storage

Table 1. Profile of Indian marine fisheries?34¢
Component Prolile
Physical

Length of coastline 8129 km
Exclusive economic zone 2.02 m km?
Continental shelf 0.50 m km?
Inshore area (< 50 m depth) 0.18 m km?
Biological
Potential yield in EEZ 3.9 mt
Potential yield in inshore area 22 mt
Marine fish production (1997) 2.7 mt
Production from inshore area 22 mt
Production from coastal aquaculture (1996) 0.07 mt
Human component
Fishing villages 3651
Murine fishers population Sm
Active fishers population I'm
Infrastructure component
Landings centres 2271
Major fishing harbours 6
Minor fishing harbours 27
Mechanized vessels = 47000
Motorized vessels = 36500
Artisanal vessels = 150000

Technology component No. Capacity (V/day)
Freezing plants 372 6600
Canning plants 14 52
Ice plants 148 1800
Fishmeal plants 15 330
Cold storages 450 80000
Peeling sheds 900 2700

Economics component
Gross investment on fishing

component (1996) Rs 42 billion
Value of annual production (1997) Rs 74 billion
Marine products export (1997-98) 3858181t
Value of export . Rs 47 billion
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in the 1950s; (ii) expansion of trawl fleet and indigenous
boat construction in the 1960s; (iii) introduction of
purseseining, diversitication of fishing, development of
fishing harbours and expansion of export trade in the
1970s; (iv) motorization of traditional fishing craft,
introduction of ringseines and increase in the number
and efficiency of craft and gears in the 1980s; and (v)
substantial growth in the number and efficiency of
trawlers and motorized craft, and change in the export
trade from resource-based to food-engineering-based
industry in the 1990s. Thus, the marine fisheries sector,
which began as a subsistence operation by employing
exclusively traditional craft during.the pre-independence
days, has today attained the status of a capital intensive
industry. The gross investment on fishing equipments
at current price is estimated as Rs 42 billion, and the
value of the annual production as Rs 74 billion®.

Challenges: Overview of key issues

The growth in marine fisheries production in the past
50 years and the high levels of production till 1997
mask a series of crises this sector is facing today.
Capture fisheries represent one of the best examples of
the exploitation of natural resources. The most important
characteristic of capture fisheries is that the resources
are a common property, the access to which is free and
open. The sustained increase in the demand for seafood
and the commensurate rise in prices have increasingly
encouraged the induction of more manpower and fishing
vessels with improved catching efficiency into the
traditional as well as the new fishing grounds over the
years. As a result, the current harvesting capacity of
the fishing fleets far exceeds the estimated biological
sustainability of most commercial stocks. Consequently,
the catches approach what are believed to be the upper
limits of sustainable harvests for the majority of com-
mercially important stocks of fishes, crustaceans and
cephalopods.

The development of a fishery over a time scale could
be categorized into the: (i) pre-development phase, (ii)
growth phase, (iii) full exploitation phase, (iv) over-
exploitation phase, eventually (v) collapse phase, and,
maybe (vi) recovery phase®. Coastal fisheries in India
remained in a pre-developed phase till 1962 (pre-
mechanization period; annual average production during
1950-1962: <0.8 mt) and on a prolonged growth phase
till 1988 (intensive mechanization period; annual pro-
duction during 1963-1988: 0.8 to 1.8 mt); and this was
followed by the fully exploited phase till 1997 (exploi-
tation of underexploited coastal areas; 1.8 to 2.7 mt/year)
(Figure 1). Fishing effort increased steadily throughout
the three phases of dc¢ .elopment, more so in the fully
exploited phase. Marine fishing activity in India is an
cexample of uncontrotled fisheries in the initial phase
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and iniciently Managed fisheries in the subsequent
phases. In such a situation, the passage from the current
fully exploited phase to the Over-exploited phase may
oceur rapidly, and, if pot controlled in time, may lead
to collapse. Thus the key issues behind the crisis thjs
sector is facing today are:

Increase in fishing intensity

The active fishers’ population increased from 234,478
in 1961-62 o about one million in 1996-97 (ref. 2).
The increase in the number of active fishers’ population
implies less fishing arca per fisher. The number of
active fishers per unit area in the inshore fishing grounds
extending to a depth of 50 m (area: 0.18 m km?) increased
from 1.3/km? in 1961-62 1o 4.4/km? in 1996-97 (Table 2).
Despite the steep increase in marine fish production
from 0.82 mt to 231 mt during the corresponding period
from the inshore grounds, the annual production/active
fisher declined from 35010 1.9 during these decades.
In an open access System, crowding of fishers leads to
competition and increased physical conflicts between

been even more substantial. Although the following
developments in the fishing sector have led to an overal
increase in marine fish production, these have also led
to considerable pressure on the fisheries resources: (i)
After the progressive introduction of mechanization into
the fishing fleets since the late 1950s, the number of
mechanized craft kept growing every year and at present
there are about 47,000 mechanized craft operatir,; mostly
in the inshore areas?. (it) Smaller mechanized craft
(overall length (OAL): 8 to 10 m) are being gradually

PRE DEVELOPMENT
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Figure 1,

replaced by larger ones (OAL: 13 to 15m), thereby
considerably increasing the seqg endurance, fish-hold
Capacity and fishing efficiency of the vessels. (iii) Traw-

(50% of the tota] catches are from the trawlers®), which
effectively Sweep the entire biota on the sea bottom
with great efficiency. (iv) After the introduction of
outboard motors since the mid-1980s, the artisanal sector
has been steadily upgraded into a motorized sector, and
there were 36,500 of such motorized craft in 1996-97
(ref. 2). Motorization has effectively reduced the search
duration, increased the sea endurance as well as the
accessibility to areas of fish concentration®, Nearly 45%
of Kerala’s marine landings is by the motorized sector?,
(v) The mouth opening of the trawls has been increased
SO-as Lo sweep and filter large volume of water, and
the codend mesh size (stretched from knot to knot)
decreased (from about 35 mm in the 1960s to the present
20mm or even 8 mm) (o retain the entire gamut of

the effective exploitation of inshore demersal stocks.
(vii) Operation of purseseines, ringseines, trammelnets
and gillnets of more than a kilometer length and ap
array of different mesh Sizes (ranging from 10 to 300 mm
(ref. 6)) effectively exploit the entire water column,
(viii) Employment of fish finding devices such as
echosounders ang sonars is of great benefit in precisely
locating the fish shoals.

Thus, while these advancements jn the fishing sector
have yielded considerable cconomic and social gains,
they have not been properly planned in providing long-
term solutions to the problems of sustained growth in
production, Mechanizzltion, motorization and other
technological advancements have been allowed to expand

GROWTH PHASE

FuLL EXPLOITATION
PHASE

Marine fish production in India during different developmental phases.
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without restrictions, or proper assessmient ol the pro-
ductive potential of the fishing areas. Consequently,
there are indications that these advancements may prove
to be counterproductive sooner or later.

Conflicts between fishing sectors

Increasing competition between different fishing fleets
as to who should have access to coastal fisheries resources
and thereby, benefit directly from the use of these
resources is leading to conflicts and confrontations.
These disputes are of two types: (i) thosc involved in
different fisheries in the same locality (e.g. conflict
between fishers engaged in artisanal and mechanized
fishing in sharing a common fishing ground), and (ii)
those involving fishers from dilferent localities (c.g. the
frequent conflicts between the trawlers of south Andhra
Pradesh and Chennai over sharing the productive lishing
grounds off the south Andhra Pradesh coast). These
disputes frequently culminate in violence between the
two opposing partics.

Production vis-a-vis resource potential

The ability to increase fish production is limited both
by the natural productivity of the environment and the
potential of the fish stock, and not just the level of
fishing effort employed. Estimates of the total potential
yield from the EEZ and their comparison with the actual
production yield are important in evolving appropriate
strategies for sustaining the yields on a long term basis.
There have becen several attempts to assess the potential
yield of the Indian seas based essentially on the following
3 data sources: (i) past catches and catch trends, (i)
exploratory surveys, and (iii) primary and secondary
productivity estimates. As the origin of the data for the
analysis was from diverse sources and the potential
yield was estimated based on several assumptions, the

Table 2. Impact of increase in the number of active fishers on
the fisheries; the estimates on the fishing arca and production are
estimated for the inshore area (<50 m depth)

Active fishers Annual production

(No./km?) (Viisher)
State 1961-62  1996-97 1961-62 1996-97
West Bengal 03 22 2.1 1.9
Orissa 0.3 24 0.5 0.5
Andhra Pradesh 2.9 1.6 1.3 0.7
Tamil Nadu 2.4 52 2.0 1.8
Pondicherry 9.6 38.6 1.8 0.6
Kerala 5.9 16.5 2.5 1.7
Karnataka 1.1 9.7 53 1.3
Goa 24 4.3 29 29
Maharashira 0.8 32 6.1 35
Gujarat 0.2 1.0 8.4 6.0
All India 1.3 4.4 3.5 1.9
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annual fishable potential yield reported by different
authors varied widely from 2.4 to 5.5 mt (Table 3). This
uncertainty could be an impediment to a clear under-
standing of whether a given fishery is under-exploited,
optimally exploited, or over-exploited. Therefore, the
Ministry of Agriculture, Government of India, constituted
a working group for the revalidation of the potential
yield in the India EEZ. In 1991, the committee reported
that it was not possible to obtain full and adequate data
for certain regions and for certain types of fisheries to
make precise estimates of the resource availability, abun-
dance and other related information. Regarding the resources
in the decper and oceanic waters and the highly migratory
fishes which move into and out of the EEZ, only indirect
estimates  could be made. Nevertheless, the committee
analysed (he available information related to productivity,
catches and exploratory surveys lo a great extent and
estimated the annual fishable potential yield of the Indian
EI'Z as 3.9 mt (ref. 7).

Of the total landings of 2.7 mt during 1997, about
2.2 mt was from the inshore waters (<50 m depth) and
the rest from 50 to 100 m depth. According to the
revalidated estimate, the catchable potential in the inshore
areas is 2.2 mt (Table 4), which has almost been reached
by the commercial fisheries. There is scope for obtaining
higher yields in the grounds beyond the 50 m depth,
from where the present catch is only 0.5 mt against the
potential of 1.7mt. In the 50 to 100 m deep grounds
in northwest zone, there is considerable gap between
the potential yield (435,000t) and the current annual
catches (76,000t) (Figure 2). The depth beyond 100 m
remains virtually unexploited at present in all the zones.

Warning signals

The health of a fishery cannot be assessed on the basis
of catches alone. As the fishing intensity increases, the
catches increase initially but are later followed by adverse
effects. Even when the catches are on the increase, a
few indicators on the adverse changes could be diagnosed
as warning signals. For example, as the fishing intensity
increases, (i) the abundance decreases, which is reflected
as decrease in the catch rates, i.e. catch per unit effort;
(ii) the yield per recruit and the recruitment decreases;
(i) fishing mortality equals or exceeds natural mortality;
and (iv) there would be deviations from the normal
characteristics of 1andings (Table 5). The present fisheries
situation along many parts of the Indian coast follow
any one or more of the signs mentioned above.

Decline in catch rate

Information on the catch rate provides insights into the
fishable stock size and the availability of fish to the
fishers. In multicralt, multigear and multispecies fisheries,

3



o

SPECIAL SECTION: FISHERIES — SCIENCE & TECHNOLOGY

Table 3. Estimates of marine fisheries resource potential (mt) in the GEZ ol India; NW = porthwest coast; SW = southwest coast;
SE = southcast coast; NE = northeast coast

Coast
Laksha- A &N
Area/depth NwW SW SE NE dweep istands Oceanic  Total Data source Ref.
Up to 200 m depth 1.6 0.8 24 Fish landings Jones and Banerf
Up to 200 m depth 0.9 1.4 0.7 0.7 0.4 0.2 0.5 4.5 Fish landings George ef al?
and oceanic
Up to 200 m depth 1.1 0.9 0.7 0.3, 3.0 Fish landings Alagaraja®
Up to 500 m depth 1.6 0.9 0.4 0.5 0.1 0.2 0.5 4.2 Productivity Joseph"
and occanic
Entire EEZ 5.5 Productivity Nair and Pilla®
Entire EEZ 4.5 Exploratory survey James el al®
Entire EIZ, 2.4 1.1 0.06 0.2 0.2 39 Exploratory survey Sudarsan ef al’
Entire 117, 2.4 0.6 0.7 37 Plankton, secon- Mathew et al®
dary, tettiary
estimates
Entire EEZ 1.2 1.3 0.6 03 0.1 0.1 0.3 39 Plankton, Anon.’
secondary, tertiary
estimates,
exploratory  survey,
fish landings
Entire EEZ 11 1.2 0.5 0.3 0.1 0.1 02 3.5 Exploratory survey  Pillai®
and fish landings
Table 4. Estimates of fisheries resources (mt) in inshore and offshore arcas of India
0-50m depth Bevond S0m depth in EEZ Islands
and
Source Pelagic ~ Demersal Total Pelagic ~ Demersal Total oceanic
Sudarsan et al*’ 1.0 1.2 22 0.7 0.6 L3 0.4
Anon.” 1.2 1.0 2.2 0.7 0.6 13 0.4
Pillai* 11 0.0 2.0 0.4 0.7 [ 04
1600 . . L . . - s
l' Potential as in India, it is difficult to standardize the entire fishin
Potential effort expended in the country in terms of a particula
1200 7 craft-gear combination. However, the informatior
: 2%:"‘;0(;” collected in several major fishing harbours by the CMFR
1000 7 Z = provides valuable clues on the current fisheries situation
o .
& 5 101-200 The annual effort of trawlers based at Chennai, fo
sool 5 % 51-100 instance, increased from 175,000 fishingh in 1984 «
Z% 1—-50 895,000 h in 1997; the catch/k, which was 32.0 kg/h i
E - 1984, increased to 110.8 kg/h in 1991 but declined
€ 600 ;3 29.7 kg/h in 1997 (Figure 3). In other words, the catch/t
o . .
p K declined considerably beyond the trawler effort o
S 400} £ 263,000 h (Figure 4).
- g
200} High fishing mortality
o Fishing activitics influence the stocks mainly by affectin

NW

Fipure 2.

SE

SW
COASTAL ZONE

Comparison of catchable potential yield and catches in the

four marinc zones (NW: northwest; SW: southwest; SI southeast;

NE: northeast).
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lish mortality, There appears to be a consistent rela
tionship between the magnitude of natural mortality ral
(M) and sustainable levels of fish mortality rate (£). 1]
the magnitude of F is cqual to or higher than the &
it is a sign of overlishing®. Estimates of the mortalit
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aefficients are available for a number of fishes and
mstaceans distributed along the Indian coast (Table 0).
The value of # is higher than the A value in most of
e species and the overall M: F proportion of the
$ecies given in Table 6 is 1: 1.9, Clearly, the fishing
matality is the dominant cause of mortality in the
tadian marine fisheries.

Table 5. Symptoms and indicators of overfishing on the
fsources; Forefers to (ishing mortality; M to natural mortality;
L to mean length and Imr to length at first maturity

ympoms Indicators

Decrease in catch rate
Change i species composition

e in abundance
wrase in recruitment Decrease in number of spawners
=M or

I'>M

igh Rshing mortality

sdions from normal Changes in size/composition of catch
Io=lm o or
Lo~

Changes in fecundity

b S

7

ek

w7

¢

suf 4100

awf oo &
ht
)
x

j9 4 460 ~
x=
1)
~
Bl

43 140 -

0 420

[} NI s ! 1 1 0

984 1987 1990 1993 1996

Y E A R

we Y. Annual fishing effort (upper panely and catch (e—e) and
_M& {0--0) (luwer panel) of trawlers based at Chennai Fisherics
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Figure 4.
off Cheanai.

Decrease in yield per recruit and recruitment

If the fishing cffort is very high in a fishery, the growth
of individual fish cannot keep pace with the deaths
caused by fishing. This situation, called growth over-
fishing, occurs when the elfort is so high that the yiceld
decreases with increasing effort”. The Beverion and Holt
yield per recruit model™ considers that the yield is
relative to recruitment. The yield per recruit (Y/R) curve
often has a maximum, the maximum sustainable yield/
recruit (MSY/R), which is dependent on the fishing
effort and F (ref. 11). The Y/R for several fish stocks
along the Indian coast has either reached the MSY/R
or is on the decline due to high F. The F and Y/R of
the threadfin bream Nemipterus Japonicus along the
south Andhra Pradesh-north Tamil Nadu coast was 0.46
and 6 g, respectively dur.ag 19801983 (Figure 5). The
stocks were under-exploited then and there was scope
for increasing the fishing cffort so as (o attain the
MSY/R of 10p. The situation changed in the past 15
years. The /7 increased by severad tines and  reached
X060 during. 1998 1097 sandd i renching the AISYZR,
the YZ7R is presently on the dectine (U.5g) As the ¥
too has increased in a similar magnitude for several
fish stocks, it is reasonable to conclude that the fish
stocks along the Indian coast are currently being over-
fished and with further increase in fishing effort, the
yield may drastically decline.

Recruitment is the main source of fish biomass which
replaces losses from the stock due to F and M. When
recruitment declines due to reduction in the parental
stock size below the optimum, the potential for depletion
becomes high. This situation is known as recruitment
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overfishing ''. Recruitment-stock relation

Indian mackerel Rastrelliger kanagurta suggests rapid
decrease in recruitment if the fishing effort is not controlled
optimum leve] of about
fish along the southwest coast of India2,

to sustain the
3.25x 10"

Deviations in landing patterns

parent stock at the

Alternative indicators of overfishing include the devia-
tions from the normal landing patterns, such as: (1)

Table 6. Mortality coef|
Vivekanandan'6);

S ~ SCIENCL & TECHNOLOGY

in respect of the

threadfin bream N.

to 132 mm (1997)

ficients of major species in Indian waters (modifi
z

changes in the size com
and (ii) mean length at
at first maturity. For instance,

along the south Andhra Pradesh
gradually reduced from 50-
mm in 1997 (Figure 6); the
fish in the landings also decr

ed from Devaraj and

=total mortality; M = natural mortality; F= fishing mortality

Species z M A Arca
Fishes

Scoliodon laticandus

Rhizoprionodon actitus

Carcharhinus sorrah

Sardinella longiceps

Rastrelliger kanagurta

Caranx carangus

C. leptolepis
Decapterus russeiti
Atropus arropus
Harpodon nehereys
Coilia dussumieri
Katsuwonus pelamiy
Thunnus albacares

Trichivrus lepiurig

Tachysurus dussumieri

7. tenuispinis

Leiognathus binduy
L. jonesi

Secutor insidiaror
Johnius carutra

Nemipterus Jjaponicus

Crustaceans

Penaeus monodon

Metapencens monoceros

M. dobsoni

Exhippolysmata enstriostris

Panulirus polyphagus

(o) 5.1 1.76 335
© 4.03 1.53 2.50
") 475 112 3.63
© 2.71 1.01 1.70
(o8} 3.00 0.63 2.37
©) 4,90 0.54 4.36
2.15 0.75 1.40
368 1.24 2.44
2.5-6.2 1.50 1.0-5.20
6.54 1.18 5.36
6.10 2.19 3.91
6.65 1.90 475
6.45 1.76 4.69
2.68 1.46 1.22
2.70 1.30 1.40
2.56 0.75 1.81
1.49 0.49 .00
316 0.46 2.70
1.96 1.05 0.91
110 0.20 0.90
100 0.51 0.49
2.00 0.30 1.70
5.20 0.8-1.5 37-44
4.10 2.10 2.00
6.10 1.8-26 3.5-4.3
5.10 1.00 4.10
2.64 1.10 1.53
2.99 2.53 0.46
1.37 1.00 0.37
1.67 1.32 0.35
(0") 5.13 2.02 3.1l
(V) 10.58 2.89 7.69
436 242 1.9¢
3.66 222 1.44
(07) 12,51 2.54 9.97
(o) 12.72 144 928
9.90 310 6.80
1.76 0.33 1.43

Veraval
Veraval

Veraval
Veraval

Tuticorin
Tuticorin
Cochin

Southwest coast
Mangalore
Tuticorin
Tuticorin
Kakinada
Veraval
Nawabunder
Northwest coast
Minicoy
Minicoy
Kakinada
Mumbai
Visakhapainam

Visakhapatnam
North Kerala

Kakinada
Palk Bay
Kakinada
Kakinada

Kakinada
Chennai

Cochin
Northwest coast

Kakinada
Kakinada

Kakinada
Kakinada

Kakinada
Kakinuda

Veraval

Mumbai
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145 mm length™ and disturbingly, 37 to 63% of the
individuals exploited were juveniles. 1t is estimated that,
on an average, about 31 million juveniles of V. Japonicus
are landed every year by the trawlers operating from
Chennai alone.

The indicators and symptoms given above are not
exhaustive. Every fishery is unique in some respects
and the relevant indicators and considerations vary
accordingly. Nevertheless, these symptoms underscore a
warning on the adverse changes in the abundance of
the marine fisheries resources despite the increases in
the catches.

Inappropriate exploitation patterns

Inappropriate patterns of exploitation have led to adverse
effects and  suboptimal  benefits from the resources.
Concentration of fishing effort in shallow, coastal shelves
(<30 m depth) has been one of the major problems of
Indian  fisheries. Marine fisherics operations have
remained  essentially an inshore activity till about the
mid-1980s. Though fishing subsequently extended to the
offshore areas, only about 20% of the total landings is
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from the offshore areas. It is estimated that 80% of the
total fishing effort is employed in the inshore area
(<50 m depth) to realize 2.2 mt (80% of total produc-
tion) during 1997. This causes enormous fishing pressure
on the coastal fish stocks.

Over-dependence on trawlers

Following the demand for prawns in the exporl market,
there is an over-dependence on the trawler, which is
the most effective gear for their exploitation. It is
estimated that 50% of the total landings (1.2mt) in
India was from the trawlers in 1996 (ref. 3). Besides
increase in the number and efficiency of the trawlers,
there are also instances of conversion of other craft into
trawlers. For instance, 35 purseseiners were converted
into trawlers in Mangalore. The nonselective trawls
indiscriminately exploit almost every fishery group:
clupeids to flatfishes, crustaceans to cephalopods, and
Jjellyfishes to sea urchins. An operation of 7 h trawling/
day lands 72 species of clasmobranchs (5 species),
teleosts  (53), crustaceans (12) and cephalopods  (2)
besides several species of gastropods, bivalves and
echinoderms, and an operation lasting to about 60 h by
multiday trawlers land 134 species (elasmobranchs, 12;
teleosts, 101; crustaceans, 15; and cephalopods, 6) in
Mangalore'®. As the trawlers use very small mesh size
in the codend of the net, they are responsible for the
exploitation of large quantities of juveniles of all the
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Figure 6. Length range ob threadfin bream, Nemipterus japonicus
exploited by wrawlers off Chennai; Im=length at first maturity; Lee =
maximum length of the species; X refers to mean annual length of the
fish in the catch; the values given in percentage refer to the individuals
exploited before attaining dor (juveniles),

32)



5"‘3C1AL SECTION: FISHERIES — SCIE

R e e

economically important large-sized fishes which are either
used as fish meal for poultry or discarded in the sea.
Exploitation of juveniles by bull trawlers off Mangalore
is estimated as 13% of the catches (see Table 7). With
increasing number of large trawlers with sea endurance
of 5 days and longer, the magnitude in the value of
post-harvest losses is assuming alarming proportions. In
addition to the juveniles of economically important fishes,
medium quality fishes such as the threadfin breams,
Jizardfishes and goatfishes are discarded due to lack of
adequate storage space in the fish-hold of these vesscls.
It is estimated that about 10% of the trawl catch worth
5 million rupees was discarded by the Chennai-based
trawlers in 1995 (ref. 15). Assuming that 10% of the
trawl catch was discarded aft along’ the Indian coast,
the quantity and value of the discard are likely to be
120,000 t and Rs 600 million, respectively every year.
Selection of proper mesh size and increase in the {ish-hold
capacity of the multiday trawlers would minimize or
eliminate the problem of discards, but little has been
done technically to prevent it so far.

Target fishing

The biggest effect of fishing is expected on the fish
stocks which are most attractive to the fishers. Being
sea food of high export value, the crustaceans — penaeid
prawns, spiny lobsters and crabs —the cephalopods —
squids and cuttlefishes, and the finfishes — sharks,
pomfrets and scerfishes —are the prime target groups of
the fishers. The fishery groups arc targeted by suitably
modifying the gears and by Ttestricting the fishing
activities to the arcas of abundance of these groups.
For instance, the fish trawls have been maodificd as
shrimp trawls by attaching sinkers to the net and by
reducing the codend mesh size. The sinkers facilitate

Table 7. Exploitation of juveniles by bt tawlers off Mangalore
during September—-November, 1992 (modificd from Robhit ef al ™

Species

Total catch (1) Juvenile catch (1)
Chorinemus Spp. 61.2 61.2
Surdinella longiceps 11.6 1.6
Tachysurus thalassinus 4.7 4.7
T. tenuispinis 4.1 4.7
Scomberomorus commerson 37 37
Decapterus Spp. 43.1 8.6
Caranx kalla 25.8 52
Leiognathus spp- 15.2 30
Megalaspis cordyla 6.0 0.6
Johnius spp. 4.5 0.5
Cynoglossus spp. 1.7 0.2
Pampus argenteus 2.5 03
Thryssa Spp- 5.1 0.5
Others 300.7 24.0
Total 990.5 1288
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the net in properly setting and sweeping the sea botton
so that the prawns ascend from the sea bed and at
caught in the net. The small meshes (< 20 mm) in e
codend retain even very tiny prawn. The operation of
trawlers are concentrated in the areas of prawn abundanct
and the economic returns of the trawlers are determined
by the ratio of shrimp to the total catch. The closet
the fishing ground to the shore, more are the prawn
caught and the ratio could be 1:10 and less, which i
considered to be reasonably good. Further the groun
from the shore, fewer the prawns caught and the ratic
falls to 1:20 or 1:30. Hence, the fishers do not incline
to fish in deeper waters (beyond 50 m depth). While
pottom-set gillnets (mesh size: 30 to 70 mm) and traps
(tunnel width: 150 mim) are employed for exploiting the
jobsters and crabs, specialized monofilament gill net
with specific mesh size (ranging from 25 to 100 mm
and longlines (hook size: 1 to 14) are employed fo
the sharks, pomfrets and scerfishes. In addition to th
above-mentioned  groups, low-value fishes such
sardines, whitebaits and Indian mackerel are also target
by the artisanal fishers, by employing gillnets (me
size: 20 to 50 mm) and bagnets (mesh size: 60 m
(ref. 6).

Fach fish stock responds to fishing, particularly
full exploitation, depending upon its biological chara-
teristics. The biological characteristics, especially the
growth rate and reproductive potential of the species
determine the capacity of the stocks to withstand targd
fishing. These two characteristics are obviously the major 1
determinants ol the potential yield, and thereby, the |
catches. Growth determines how quickly the first maturity
and maximum size of the species are attained, and the
fecundity, which represents the reproductive capacity,
determines the recruitment 10 the fishery. The annual
growth coefficient (K in the von Bertalanffy growh
equation) varics from 0.1 to 1.8 and the annual fecundity
from 2 to > 1 million for the major exploited species
of finfishes, crustaccans and ccplu\lopmls”‘. Based o
these two important characteristics, the major fishery §
groups could be categorized as follows: (i) fast-growing, !
high fecund teleosts (K=0.5 to 1.0; fecundity = 80,000
to I m eggs), and penaeid  prawns (K = 1.5; fecundity=
04 to 0.9 m eggs); (ii) fast-growing, moderate fecund
cephalopods (k=08 to 1.0; fecundity =7,000 1
14,000 m eggs); (iii) slow-growing, high-fecund spiny
lobsters and crabs (K=0.1 to 0.2; fecundity =0.2
0.4 m eggs); and (iv) slow-growing, low-fecund sharks
(k=02 to 0.3; fecundity =2 to 40 litters) (Figure 7)
The difference in response of the above-mentioned &
categories to target, fishing is reflected in the trends it
the landings during the growth and full exploitatioi
phases of fisheries development. The annual landing
of the fast-growing, and high- and moderate-fecun
proups increased during 1980-1997. The landings of the
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ectively along  the  Saurashtra coast during 1991
L 16) (Figure 9). Among the teleosts too, the catches
few exceptionally slow-growing and low-fecund
ps are either stagnant or are on the decline. The
shes, for instance, exhibit stow growth (K=0.3)
low fecundity (25 to 260 eggs) (Figure 7). To
pensate low fecundity, the male catfishes incubate
eggs in the mouth but this advantageous habit is
ified by the exploitation of incubmin% males in large
bers. The purse-seines operating off Mangalore,
h target the small pelagics such as sardines, white-
and Indian mackerel, landed 538t of incubating
s in one month and the number of developing eggs
royed in the operation was 23m (38 1) (ref. 28).
ugh not highly valued (landing centre price: Rs 30
0/kg) (ref. 16), and not the prime target group, it
ears that the catfishes could not withstand the increase
he fishing intensity and the catches declined from
35t (1989) to 30,200t (1997) (Figure 8). Clearly,
slow-growing and low-fecund fishery groups are the
t vulnerable groups to target fishing.

vitat degradation

ongoing nonfishing human activities in the coastal,
strinl and marine zones impose considerable stress
he coastal environment and the coastal fish stocks
le 9). However, the wider impact of human distur-

bances on the fish stocks, cither on short term or long
term basis could not be immediately quantified. For
instance, it would be difficult to demonstrate that dis-
charge of 100t of industrial effluents into the coastal
waters would lead to a loss of x tonnes of fish., But it
is certain that decline in fish biomass due to high fishing
effort would be aggravated by the degradation of the
coastal habitats®.

Resource degradation

In recent years, prawn farms all along the Indian coast
are severely affected by pathogenic viruses and whitespot
disease is rampant in most of the farms. With immediate
solution to the whitespot problem not forthcoming, there
is growing concern on the threat of viral infection
spreading 1o the wild prawn population through the
wastewater discharged from the farms. Preliminary
investigations indicate that the wild stocks of the tiger
prawn Penacus monodon and the white prawn P, indicus
are affected by the whitespot discase. The occurrence
of infected breeders of P. monodon in the wild is very
high (> 50%) during the post northeast monsoon months
of January and February along the southcast coast',
Though there is no direct estimate on the extent of the
damage caused by the whitespot, it appears that the
virus may pose a risk to the capture fisheries, especially
to the penaeid prawns and other crustaceans.

Table 9. Non-fishing human activities in the coustal area of India and their possible effects
on the fisheries (modificd after Devaraj and Vivekanandan®'); present scriousness level of
impact represented as: I, least serious; 2, moderately serious; 3, highly serious; 4, most

serious, (modified after Rajagopalan

SZ)

Activity

Seriousness

Possible effects fevel of effect

Dense human population; increasing ur-
banization

Discharge of large quantitics of untreated
domestic waste water

Terrestiadl  runoff of silt due to land
reclamation and deforestation

Runoff of agro-chemicals and industrial
discharge
Heavy phosphorus loading in estuaries

Removal of mangroves for wood; mining
of coral reefs for lime

Fishing by using cyanide and other lethal
chemicals

Unplanned tourism development

Impact of ports

Oil poliution by ships and fishing vessels

Habitat degradation such as high levels 4
of faceal coliform in water and soil

High BOD  levels  leading 10 4
cutrophication; incidence  of red  tide
causing fish mortality

Change in marine environment alfects 2
juvenile population

Hazardous chemicals and solid wastes 4
are lethal beyond certain level

Lethal beyond certain level

Destruction of nursery grounds

Detrimental to a whole range of 1
organisms in the area

Beach erosion and habitat disturbance 1
Soil erosion and habitat destruction; 2
ingress of seawater

Shadowing effect and reduction in . 2
dissolved oxygen leading to mass

mortality
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the high fecund spiny lobsters are hot good candidates
for target fishing,

The annuyal landings of the slow-growing and low
fecund group, viz. the sharks has been stagnant (40,000 1),
especially after 1997 (Figure 8). Most of the sharks are
viviparous or Ovoviviparous?S, Viviparity restricts fecun-
dity but the sharks have prolonged gestation period and
produce well-formed young ones. The gestation period

\\.wﬂ

instance, is 7 months and the female releases 3 maxim
of 14 well-developed young ones, l4c¢cm jp lengts”
The prolonged gestation and the advantage of releasisy
well-developed young ones are proving to be couny
productive gas large number of pregnant females g

gillnets and dolnets Captured 1.9 million, 1.2 m and 0./g"
pregnant females (total: 3. m) and destroyed Hie,

of the spadenose shark, Scoliodon laticaudus, for 7.5m and 0.6 m (total: 19.1 m) foetus of §. Ialicaua'ugé
3
Table 8. Gears employed (o exploit different life stages of penaeid prawns
Length Breadih/wicdsh Mesh size
Life stage Sector Genr (m) {m) (sm)
—_—
Post-larva Artisanal Castnet No specific size 12
and juvenile
Post-larva Artisanal Stakenet 15-20 10-20
and juvenile (codend)
Post-larva Artisanal Dragnet 30-40 2-3 10-20
and juvenile
Juvenile Artisanal Dragnet 240 4-5 50-60
Juvenile Artisanal Pouch trap 25 25
Juvenile and Artisanal and Trammelnet 80-100 3 2-13
adult motorized
Juvenile and Aitisanal and Gillnet 40-50 5 30
adult motorized
Adult Artisanal Gillnet and 50-60 4 150
motorized
Adult Mecchanized Trawl 30-40 5 15-20
(codend)
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Fisheries management VS fisheries exploitation
The issues in the marinc fisheries seCtor are Lnigue
compared t0 any other commercial secto? industry. The
limited but renewable nature of the resources and the
ownership conflicts have no parallel in other sectors.
Irrespective of the type of exploilers: artisanal fishers
or large fleet owners, their operation will not be jimited
until the z¢ro pmﬁlnhi\i(y threshhold is reached. Jlence,
there is @ peed for @ manager 10 intervene and regulate
their activities.

The objectives ol fisheries management are to provide
wholesome food, )_{:\inln\ ceonomic
benefits. 10 managing the fisherics, these penelits shiould
and the long term

c.n\p\nyn\m\l and

be m:\xhnim(l in the showt terim,
penelits of sustained catches, stable cmployment, stable
econoinic gains should be ensured, as well as cnsuring
preservalion of the resources for future ()p\iun:;".
Although for managing the Indian marine fisheries
several options arc availab\e“‘”', several biological, eco-
and po\ilica\ {actors arc rcsp(msiblc for
policy, and

nomic, social
the nonexistence of effective management
for the inadequatc implcmenlnlion of the existing policies.
Given lhe status of multicraft and
multigeat combinations, and too many stakcholders, the
management plan has to work under four proad cate-
gorics: 0] biotogical nanagement, (i increasing pro-
duction, (iit) inereasing pmducl'\vily of the coastal waters,
cources ol pro-

the multispecies,

and (V) cncnur;\gcmcm ol alternative

duction (Figure 10).

llin\nui(‘.ul m:m:\uclncn(

Re.sprm.\'il)lt.' fishing

The obvious need for gustaining the marine fisherics
produclion is 0 repularize the fishing eftort, p;u\icu\:nly
in the inshore (raditional fishing grounds. AL present,
there is no elfective licensing system to limit the cntry
of new Of existing fishing vessels  into the coastal
fisheries of India. There is no licensing of {he artisanal

craft and there are instances of mechan'rz,cd vessels

operaiing without licence Conscqucmly, the concept of
respons'lb\e {ishing is’ (otatly lacking. The only respots
sibility of the mechanized yessels is 10 obtain licences
from the state g,(wcrnmcm authorities and observe the
time to time restrictions, if and when imposcd. There
is No accountability of the clfort expended and the catch
marketing systemh the
revenue reatized is totally un:\ccoun\cd. L is absolutely
that togbhook is maintained for the fishers as
and that 1 is
peparding

reatized. AS there is NO proper

csscnl’m\

e licensing condition made

the tishers

part of
mandatory
their Tishing,

for oy submit detnils
cltout,

i’rcdi(:l;\h\y,

eatch, areit ol operation and sade

pr()cccding& ihe fishers will resist such @

170

INCE&T

move and might not provide reliable information. Mani-
toring 2nd verifving the declared information though nal

iplz, will ko proEnEINE A rochanism W hich would

impast
facilitate

devised for meeting the management cost.
and responsible fishing could be extended 0 cover the
entire fishing industry including the artisanal sector 10
help monitor fishing effort and optimizm'\on of inputs}“.
of these measures demands  srong

frnm 82 HEAS oratd b2
Liceasing

collection of 1ax

lmp\emcntmion
political will,

Temporal fishing restrictions

Given the fisherics cituation that exists in India, tempural
seasonal closute of fishing appears 0 be
imp\cmcmcd. AL

restriction, 1.6

an option, which could be cl'l'cc\ivc\y
presenty the .
coast it\(h‘pl‘\\dcnily decide
opcru\'\on of mechanized vessels on @ yu\r—m-yc:n‘ hasis
prior 10 OF during the southwest monsoon andd baw
operation of mechanized vessels for 30 1o 145 days in
a year (Table 10). Along the east coast, there is No
effective scasonal closure, but the mcch:\n'\'/,cd vessels
along the south Tamil Nadu coast fish only on 3 days
in a weck and the artisanal craft on the remaining
days. The scasonal closure of mechanized fishing during
the monsoon is implcmcn\cd on the basis that most {ish

groups undcrgo peak spawning during the Monsoun, and
pe spared from

maritime  state p_nvcrnmcn\s in the wesl

on the sc:\som\\ closure of

henee, e gpawning populm'\ons can
cxp\u'\(:\lim\. On the other hand, the tropical {ish speeies
cxhibit pmlnngcd gpawning which 18 restricted
As A result,
one, speeics OF

not

season alonc. sp:\wn'\np oeeus

the yeaw for

l\\ﬂ!\l\'()()n

lhmny,lm\n another. {ror
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example, the spawning intensity  of the ribbonfish of the acts. Second, demarzation of the fishing arcas is
Trichivrus lepfiries extends for 8 months  (January 10 meant {or the protection ol the interest of the artisanal
August) in a yean and the cacangids, Carany carangis fishers. It the acts are strictly implemented, the fishers
ad C. leptolepis for 5 months (July o November) of the mechanized cratt would be at a disadvantage as
ang the coutheast coast \Bigorr LD Nenarrheless. then wuid me Jenied e spnorumte W sonait e
asonal s caaddy DD LTI SO NN R A DAL IE Eene Log AN waley FREA
helps the eseape of the spawming population at Teast thevetore, ba neoessaty o madify the present regulations
during the petiod of closure. However, the positive pased on the feedbacks [rom various sectors s0 that all
effeets of the seasonal closure on the replenishment of ihe stakeholders are benelited.

fish stocks are yet o be proved. |t iy important that
the magnitude ol short-term cconomic 108ses and the

. Gear restrictions
long-term penefits duc 10 seasonal closure are quantified.

Measures influencing the species and size composition
Spatial restrictions of the catehes inchude technological restrictions, .5
gear restrictions such  as mesh regulation, hook size

To prevent (he conflicts between (he fishers of the

artisanal and lllCL‘hi\H.l'l»Ctl vessels i sharing the inshore Tuble 10 Seasonal closute ol operation ol mechanized vessels
waters, the maritime state governments have banned the during 1997
mechanized vessels from operating in the inshore arcas Days of
(for a distance of 5 t0 10 km {rom the share) (Table 1), Slate pesiod of closure closure (No.)
However, the regulations relating o the demarcation ol _—
N e . | oaeceps THiFS e Gujarat Mid May-mid Seplember 145
fishing areas have inherent weaknesses. First, there 18 o e
. A o Maharashtra july and 1st fortnight of August 45

no surveiltance 0 monitor the areas of dilfercnt types Karnataka June, July, August 90
of craft and hence, encroachment by the mechanized Kerala Mid August-mid Scptembes 30
vessels in the arcas demarcated for the artisanal cralt South Tamil Nadu 4 days/weck

N 4 aEe e ) artisat * Notth Tamil Nadu Nil 0
continues for more than a decade after the prmnulg;mon Andhia Pradesh May and ISt fortnight of Junc* 45*

+Only for long cruise trawlers.

Tuble 11 Demarention of Jishing men for crall
ol different capacitics; OAL; uverall fength

pasyolly dmbricates e

Carany caronyr? e State Arca and type of operation
e

¢ Laplofepls, ey

gill ihdma US——— ——t — . L.

siltege SRS Gujarat No restriction

Tochysurus thelassinu® e 1

f ispinis [ Maharashtra Antisanal: 10-20 m depth

P platysomus pom——— ——

Mechanized: heyond 20m depth

pyeitodes grumal " ' .
Scombargmerus uvtiatut . Goa Artisanal: up 10 5 ko
ﬁli]n‘;;‘l_o;i;; ST e Mechanized: peyond 5 Km

Karanataka Artisanal: up 10 6 ki
Mechanized:
<15m OAL: 6-20 km

pantaprion longimannd e

Secylor insidatol I
punaba aneus > 15m OAL: beyond 20 kin
. mocrophthalmus _ — Kerala Artisanal: up 0 10 km
Johnius carutto 'P________—————"’__" B .
S Mechanized:

L._Lu_ggumvu! P—-/ .y

Tvegtei <725 GRT: 1022 km

e maculata > 25 GRT: beyond 23 km
Wamipteius jnponicus ISl ) — Toamit Nada Artisnnals up (o S ki
Wmesaprion — onn Mechanized: teyond 5 km
H-taly — .

X Andhra Pradesh Actisanal: up 10 10 km
H.dslogoat

Mechanized:
<20m OALL 10 23 km
~20m OAL: beyomt 23 [

Trichiurue Leplutus

Wugil caphalus

Quluuqllqi! wn\glul

Thryssa mystox
preaplary russaltl

Orissa Attisapal: up 10 5 km
Mechanized:
<15m OAL: 5-10 km
> 15m OAb: beyond 10 km

Fignre 11 Spawning season of Jishes along the  southeast coast

o . . 1 Vest Bengal No restriction
{modificd from Devaraj and Vivckanandan ).

west Bengal MO TR
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-
control. The mesh size in the mouth (30 mm) and codend

(<20 mm) parts of the trawl nets prevalent in the country
is uniformly very small. The fishery scientists have
fecommended minimum mesh sjze of 50 and 25 mm
for the mouth and codend of the trawls, respectively®.
The purpose of controlling the mesh size is to permit
the escape of juveniles hoping that their growth would
largely compensate for the loss and increase the
exploitable biomass, which might be available to the
fishery later. It is also believed that if fishing of immature
fish is intense, the abundance of the species may be
50 reduced before it approaches  maturity that there
would be insufficient adult fish surviving™. But practising
mesh size regulation s questionable; considering  not
only the possibility of effectively enforcing it but also
its relevance in a multispecics fishery where the body
shapes of different species are diverse. The body shape
of different specics s one of the important factors,
which determines the mesh size selection. The body
shape, measured as depth ratio (standard length/maximum
depth of body) of a few commonly-exploited species
ranges from 1.6 (black pomfret Parastromatens niger)
to 20.4 (ribbonfish Trichiurus lepturus) (Table 12). Also,
large mesh size (> 20 mm) facilitates escape of prawns,
which is not acceptable to the fishers. There is, therefore,
no single mesh size which js optimum for all the species.
Pauly® hag computed the optimum mesh size suitable
for all the fishery groups (including the prawns) by
assuming several factors and by using Y/R analysis.
The efficacy of this optimum mesh size js yet to be
tested,

Management of human component

Fisheries management involves more of management of
people than of management of fish. Of all the people
involved in fisheries, the fishers are in direct contact
with the resources, and hence, they play a major role
in influencing fisheries management policies. The fishers
are the first to face the consequences of any management

TRt
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Table 12. Body depth ratio of few
specics exploited by trawlers

Body
Specics depth ratio
Parastromareus niger 1.6
Secutor insidiator 23
Nemipierus japonicus 3.1
Cynoglossus arel 6.7
Trichiurus lepturyys 204
Metapenacus monoceros 8.1
Acetes indicns 8.0
Loligo duvaucelli* 35

*Dorsal mantle length/maxinunn by
width.
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or long term, will leave several of them jobless. This
is aggravated by the fact that they are too specialized
to fit in anywhere else at a comparable income level,
Neither an artisanal fisher nor a fisher involved in
mechanized fishing wants to be managed. Although
fishers are aware of the problems of overfishing, ex-
ploitation of juveniles and the declining stocks; their
tendency is to maximize their gains, However, when
fish stocks declined in the Japanese waters, the fishers
themselves implemented management measures™. In India
too, the present situation cannot continue for ever. The
fishers will be forced to adopt management measures
on their own initiative when the value of catch rate
declines below the operational cost. Sustaining a fishery
requires  the participation of all (he stakeholders and
participatory Mmanagement lends itself 1o mutyal surveil-
lance among the fishers, It is otherwise hardly possible
o monitor and regulate the operations  effectively by
the government machinery alone as the inlrastructure
needed will be too elaborate and the cost involved wil
be prohibitive.

Management for increasing production

Management opportunities are not limited to fishing
restrictions alone. There are opportunities which should
be given due consideration for improving marine fish
production. Encouraging farsea fishing and utilizing
remote sensing for locating potential fishing zones (PFzs)
wotuld be rewarding,

Farsea fishing

Considering the annual potential of 1L.7mt (Anon',
Table 4) and the present production of 0.5 mt from
depths beyond 50 m in the EEZ, it appecars that there
is scope for increasing the annual production by 1.2 mt
from the farsea, Despite the tremendous growth in India’s
marine fisheries from artisanal and subsistence status to
B A S M g Zxlimiics of e EEZ in
P70 0EmE s never been g commercial farsea fishing
worth mentioning. The Government of India chartered
foreign vessels in the early 1980s and entered into Joint
venture arrangements with large industrial houses in the
carly 1990s for exploiting the farsea. As both these
schemes were stiffly resisted by the local fishers, the
schemes were terminated a few years after commence.
ment'. As a result, there has been persistent poaching
in the Indian 1137, by forcign vessels.

The fishing scctor in India has not ventured into
farsea fishing so far. The fishable potential in an unj
area is considerably low in depths  beyond 50m
(0.9 vkm?) compared (o that in the inshore waters
(12.2 vkin®). The vastness and the low resource abun-
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dance/km? in the farsea necessitate expenditure of con-
siderable fishing effort in fish scouting. Also, farsea
fishing requires larger vessels (OAL: > 17 m) with so-
phisticated fishing technologies involving high establish-
ment and maintenance costs. Hence, it would not be
possible to divert the current excess fishing vessels
(OAL: <17 m) towards farsea fishing. For the benefit
of the Indian fishers, it is high time that the abundance
of fishery resources in the farsea is estimated for arriving
at technoeconomic feasibility of farsea fishing. The
 Fishery Survey of India is at present engaged in
exhaustive survey to locate the abundance of resources
in the farsea. Mapping of these areas and utilization of
remote sensing data are urgently required for exploiting
the farsea resources.

It is estimated that 0.5mt or about 40% of the
unexploited stocks in the farsea are the tunas, which
undertake transoceanic migration. For exploiting and
managing these straddling stocks, the concept of regional
cooperation, i.c. cooperation among neighbouring coun-
tries, is gaining importance. For instance, the countries
bordering the Bay of Benga! such as India, Bangladesh,
Thailand and Sri Lanka could share the information
available on the biological characteristics and distribution
of the straddling stocks and the technical know how of
exploiting them by mutual agreement and cooperation.
Realizing the nature of distribution of the resources in
the national and international waters, the high cost of
exploiting them and the technology capability that is
required, regional cooperation appears to be the most
viable option for achieving the optimum potential benefits
of the farseas.

Remote sensing

Satellite  observations on the sea have progressed
immensely consequent upon India launching her own
remote sensing satellites. The greatest single advantage
of satellite remote sensing over conventional observations
is its coverage of wide areas in very quick time. The
quality, type and sheer quantity of data have increased
manyfold to the point where, for certain types of data
sources, it has become possible to speak of remote
measurement rather than remote sensing. However,
remote sensing is in its infancy as far as fisheries
assessment is concerned. Satellite imageries provide con-
tinuous data on sea surface temperature and chlorophyli,
covering most of the EEZ. These data have several
applications including mapping the Potential Fishing
Zones (PFZs) and fisheries forecast on a short- and
long-term basis. These forecasts, on an experimental
basis, revealed that the catch rate of pelagic fishes in
the PFZs is higher by about 60% compared to that in
the nonPFZs*. However, the PFZ for demersal fishes
cannot be forecasted based on the remote sensing data
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available at present. Although too few data are avail-
able now to confirm conclusions on the PFZs, the
results do indicate the possible future applications for
the direction of fishing ecffort and for the resource
management. Once this is achieved and the forecasts
are proved reliable, it will be of great assistance to the
fishers.

Increasing coas*al productivity

It has been widely recognized in several countries that
installation of artificial fish habitats (AFHs) and sea-
ranching are helpful in increasing the productivity of
the coastal waters.

Artificial fish habitats

An AFI is an object or a conslruction, which provides
an ccosystem and a habitat for the fishes. Any drifting
or sunken object such as logs, branches of trees, palm
leaves, ship wrecks serve as AFHs. In recent years, the
emphasis is shilting from launching simple, temporary
fish aggregating devices to installing semi-permanent
fish habitats and many kinds of modern and expensive
devices made up of concrete, ferrocement and high
density polyethylene at 20 to 30m depth along the
southeast and southwest coasts.

When an AFH is first launched, microorganisms grow
on it. A large number of invertebrates and fishes assemble
to feed on the microorganisms and larger fishes later
aggregate to feed on the smaller ones. The advantages
of AFH are: (i) It attracts, provides shelter, concentrates
fishes and thus enhances coastal fish production. (ii) It
cnables the artisanal fishers to fish near the shore without
spending much ti.ne and energy to locate fish. (iii)
Though the catch rate is only marginally higher in the
AP arcas, it is possible to realize 1.5 times higher
vatue from the calches in the AFIT arcas, as the catches
from the AFHs consists of quality fishes such as the
carangids, perches as well as cephalopods in large quan-
tities™. (iv) It improves the income of the artisanal
fishers as they could increase the catch by fishing in
the AFH areas in addition to exploiting the regular
fishing grounds.

Disputes often arise within and between fishing villages
on the rights of fishing in the AFHs. However, there
are good examples of cooperative AFHs functioning
successfully in Kerala*. Knowledge on the aggregating
behaviour of fishes and installation of technologically
advanced structures have made the AFHs highly suc-
cessful in Japan®. In the Philippines, each purseseine
operator launches his own AFH structure in the farsea
and exploits tunas which aggregate around his structure®.
In India, the CMFRI has recommended the creation of
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control. The mesh size in the mouth (30 mm) and codend
(<20 mm) parts of the trawl nets prevalent in the country
is uniformly very small. The fishery scientists have
recommended minimum mesh size of 50 and 25 mm
for the mouth and codend of the trawls, respectively?.
The purpose of controlling the mesh size is to permit
the escape of juveniles hoping that their growth would
largely compensate for the loss and increase the
exploitable biomass, which might be available to the
fishery later. It is also believed that if fishing of immature
fish is intense, the abundance of the specics may be
so reduced before it approaches maturity that there
would be insufficient adult fish surviving®. But practising
mesh size regulation s questionable; considering not
only the possibility of elfectively enforcing it but also
its relevance in a multispecies fishery where the body
shapes of different species are diverse. The body shape
of different specics is one of the important factors,
which determines the mesh size selection. The bady
shape, measured as depth ratio (standard length/maximum
depth of body) of a few commonly-exploited species
ranges from 1.6 (black pomfret Parastromateus niger)
to 20.4 (ribbonfish Trichiurus lepturus) (Table 12). Also,
large mesh size (> 20 min) facilitates escape of prawns,
which is not acceptable to the fishers. There is, therefore,
no single mesh size which is optimum for all the species.
Pauly” has computed the optimum mesh size suitable
for all the fishery groups (including the prawns) by
assuming several factors and by using Y/R analysis.
The efficacy of this optimum mesh size is yet to be
tested.

Management of human component

Fisheries management involves more of management of

people than of management of fish. Of all the people

involved in fisheries, the fishers are in direct contact

with the resources, and hence, they play a major role

in influencing fisherics management policies. The fishers

are the first to face the consequences of any management
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Table 12. Body depth ratio of few
specics exploited by trawlers

Body
Species depth ratio
Parastromateus niger 1.6
Secutor insidiator 23
Nemipterus japonicus 3.1
Cynoglossus arel 6.7
Trichivurus lepturus 20.4
Metapenacus monoceros 8.1
Acetes indicus 8.0
Loligo duvaucelli* 35

*Dorsal mantle length/maximum by
width.
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or long term, will leave several of them jobless. Th
is aggravated by the fact that they are too specialize
to fit in anywhere else at a comparable income leve
Neither an artisanal fisher nor a fisher involved i
mechanized fishing wants to be managed. Althoug
fishers are aware of the problems of overfishing, ex
ploitation of juveniles and the declining stocks; thei
tendency is to maximize their gains. However, whe
fish stocks declined in the Japanese waters, the fisher:
themselves implemented management measures*. In Indi;
too, the present situation cannot continue for ever. The
fishers will be forced (o adopt management measures
on their own initiative when the value of catch rate
declines below the operational cost. Sustaining a fishery
requires the participation of all the stakcholders and
participatory management lends itself to mutual surveil-
lance among the fishers. 1t is otherwise hardly possible
to monitor and regulate the operations effectively by
the government machinery alone as the infrastructure
needed will be too elaborate and the cost involved will
be prohibitive.

Management for increasing production

Management opportunities are not limited to fishing
restrictions alone. There are opportunities which should
be given due consideration for improving marine fish
production. Encouraging farsea fishing and utilizing
remote sensing for locating potential fishing zones (PFZs)
would be rewarding.

Farsea fishing

Considering  the annual potential of 1.7 mt  (Anon’;
Table 4) and the present production of 0.5 mt from
depths beyond 50 m in the EEZ, it appears that there
is scope for increasing the annual production by 1.2 nu
from the farsea. Despite the tremendous growth in India's
marine fisheries from artisanal and subsistence status to
Il sEmus 3md ma factamneion o tm2 EEZ in
. nE mEver been a commercial farsea fishing
worth mentioning. The Government of India chartered
foreign vessels in the early 1980s and entered into Joint
venture arrangements with large industrial houses in the
carly 1990s for exploiting the farsca. As both these
schemes were stiffly resisted by the local fishers, the
schemes were terminated a few years after commence-
ment'®. As a result, there has been persistent poaching
in the Indian ELi7Z by forcign vessels.

The fishing scctor in India has not ventured into
farsea fishing so far. The fishable potential in an unil
area is considerably low in depths  beyond 50m
(0.9 t/km?) compared to that in the inshore waters
(12.2 vkm?). The vastness and the low resource abun-
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a total of 77 AFHs each of 1ha area in select areas
along the coastline costing 77 million rupees during the
IX five year plan (1997-2002) (ref. 2).

Searanching

Searanching is one of the very few alternatives to
increase coastal productivity and to conserve the re-
sources. In searanching, selected species are bred, hatched
and reared in hatcheries up to juvenile/fingerling stages
and released, normally in bays, lagoons and protected
ecosystems. The fingerlings could be captured later when
they grow to a larger size. The CMFRI searanched
penacid shrimps, pearl oysters and clams on a modest
scale in the past’. Hatchery produced postlarvae of the
green tiger prawn, P. semisulcatus, which were released
in a lagoon off Mandapam at the rate of 0.7 million/ycar
for 7 years, moved into the sea in 24 h and the juveniles
(length: 60 to 110 mm) were recruited in about 50 days.
Bivalves such as the pearl oyster and clams appear to
be ideally suited for searanching because of their
sedentary habit. Searanching of hatchery produced
I million spat and 7 billion larvae of the pearl oyster.
Pinctada fucata was observed to increase the density
of the oyster population in about a year. Similarly,
searanching of 64,000 seeds of the clam Paphia mala-
barica off Tuticorin produced 62 kg/25 m* in S months.
These experiments prove that ranching helps in repleni-
shing the populations.

Scaranching is practised very successfully in Japan,
where about 45 species are being scaranched to supple-
ment the natural stocks™. This activity is subsidised by
the government and implemented by scaranching asso-
ciations in  collaboration with fisheries  cooperative
associations. For producing and releasing enormous quan-
tities of seeds for stock improvement through searanching,
adequate hatchery and rearing infrastructure facilitics arc
needed. For India, the possibilities of searanching should
be thoroughly examined by taking into consideration
the system of implementation, especially identitying the
searanching agencies and the rights of capture. Despite
these intriguing factors and the high initial cost, it is
worthwhile to invest in searanching.

Alternative options: Mariculture

Coastal land-based mariculture and seafarming are con-
sidered as viable options to meet the shortfall of seafood
production. Besides that, mariculture would diversify the
extra manpower in the capture fisheries sector and also
be able to sociceconomically transform rural areas
through gainful employment of coastal labour. There
are scveral cconomically viable small-scale technology
packages readily available in India. Some of the proven
technologies are: (i) pearl culture (onshore and sea):
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(i1) mussel culture (onshore and sea); (iii) prawn culture;
(iv) prawn broodstock bank; (v) prawn backyard hatchery;
(vi) cottage prawn feed industry; (vii) crab fattening;
(viii) lobster fattening; and (ix) seaweed culture. Due
to the nonavailability of proper hatchery and rearing
techniques, aquaculture of many species has not been
commercialized (Table 13). At present, only shrimp

Table 13. Marine organisins of aquaculture

importance
Hatchery Rearing
Species technique  technique
Fin fishes
Mugil cephalus X X
Liza parsia X X
L. macrolepis X X
Valamuygil seheli X X
Chanos chanos X X
Erroplus suratensis X X
Lates calcarifer X X
Epinephelus tauvina X X
E. dussumieri X X
Lethrinus spp. X X
Lutjanus spp. X X
Sillago sihama X X
Anguilla bicolor X X
Siganus spp. X X
Ornameenta! fishes X X
Crustaccans
Penaeus monodon XXX XXX
P. indicus XXX XXX
- Posemisulcams XXX XXX
Seylla serrata X XXX
Portunus pelagicus XX XX
Panudirus homarus X X
P ornartus X X
. polyphagus X X
Thenus orientalis X X
Molluscs
Perna viridis XXX XXX
P. indica XXX XXX
Pinctadu fucata XXX XXX
Crassostrea madrasensis XXX XXX
Anadara granosa XXX XXX
Meretrix meretrix XXX XXX
M. casta XXX XXX
Katelysia opima XXX XXX
Paphia malaburica XXX XXX
Trochus radiatus’ X X
Xancus pyrum X X
Sepia pharaonis - X X
Loligo duvaucelli X X
Sea cucumber
Holothuria scabra X X
Sea wecds
Gracilaria edulis XX XX
Gelidiella acerusa XX XX
Porphyra spp. XX XX
Sargassum spp. XX XX
Ulva spp. XX XX
Euchaemia sp. XX XX

X =techniques under development; XX = tech-
niques developed; XXX =techniques developed
and commercialized. '

CURRENT SCIENCE, VOL. 76, NO. 3, 10 FEBRUARY 1999



SPECIAL SECTION: FISHERIES - SCIENCE & TECHNOLOGY

farming has taken roots in he country. During 199697,
India produced about 70400 ¢ of prawns through aqua-
culture? and became the fourth largest producer in the
world. It is estimated that prawn farming could yield
20 times more prawn compared (o similar investment
in prawn fishing®.

Most of the existing aquafarms, big or small, are
owned by agricultural farmers and entrepreneurs and
not by fishers. The reasons for the fishers not coming
forward to take up small-scale aquaculture are many.
The coastal rural fishers face shortage of capital and
practically have no access to formal credit. To make
aquaculture a successful coastal activity, the financial
sector should provide assistance to the fishers and support
small-scale aquaculture. Other suggestions are: (i) to
strengthen the legal base to support rural aquaculture;
(i) to form fishermen aquaculturc cooperatives which
will manage the activities in (he coastal villages; (iii)
to arrange leasing of open sea arcas to fishermen co-
operatives; (iv) to train and develop skilled personncl
o tun hatcheries and farms; and (v) (o arrange supply.
Many coastal fishers are still unaware of the benetits
of aquaculture but view aquaculture as an activity, which
is detrimental to the coastal fish stocks. The develop-
mental organizations should establish small-scale model
farms and hatcheries in coastal areas to demonstrate and

convince the fishers of the benefits and prospects of

maricufture. This would greatly help in diverting the
surplus manpower, that is actively engaged in fishing.

The capture fisheries sector is at its crossroads today.
It is needed, at this Stage, to evolve and implement
scientifically planned management options for each
coastal area taking into consideration the characteristics
of that area. For this, districtwise coastal zone maps
should be prepared from the view point of fisheries
nanagement. The CMFRI has initiated this process with
Leensus on the number of craft and gears, fish landings
ind fishing effort, other fisheries infrastructure facilitics,
ind the number of aquaculture farms and hatcheries in
-ach coastal district, besides statistics of agricultural and
industrial activities and demography. This attempt is
expected to help in planning viable management options
for each coastal district with multidisciplinary input from
the fishery scientists, managers, economists, social
scientists and the fishers. .

At present, inland, brackishwater and coastal fisheries
development is essentially under the purview of the
state governments, and farsea fisheries development under
the Govt of India. In addition, the following ministries/
organizations are involved in fisheries research and
development: Ministry of Agriculture (Fishery Survey
of India, Integrated Fisheries Project, Central Institute
of Fisherics and Nautical Engineering), Ministry of
Commerce (Marine Products Export  Development
Authority), Indian Council of Agricultural Research
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(Centeal Murine Fisheries  Research Institute, Central
Inland  Capture  Fisherics  Rescarch Institute, Central
Institute of Fisheries Technology, Central Institute of
Brackishwater Aquaculture, Central Institute of Fresh-
water Aquaculture, National Burcau of Fish Genetics
Resource, National Research Centre on Coldwater
Fisheries, the deemed University Central Institute of
Fisheries Education), Council of Scientific and Industrial
Research (National Institute of Oceanography), Depart-
ment of Ocean Development (National Institute of Ocean
Technology), Department of Biotechnology, several
fisheries colleges and Universities. To coordinate the
activities of these organizations and for effectively
implementing the research and development programmes,
it is imperative to form a separate fisheries ministry in
the Govt of India. A holistic approach with strong
political will is urgently needed for the development of
the fisheries sector, in general, and for sustaining the
marine fisheries resources, in particular.
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