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PREFACE

The national Symposiom on ‘Research and Development . in Marine
Fisheries’, conducted at Mandapam Camp by CMFR Institute during
18-18 Sept. 1987, was part of the celebrations of the Fortieth anniversary
of Independence of the country, which also marked forty years
{1947.87) of dedicated and fruitfu! work in marine fisheries research
and development in India. During these four decades a wealth of
information has been collected and disseminated to the user sector. The
attempts made with the specific purpose of understanding the dynamics
of the marine fishary resources through biological and environmental
studies coupled with the development of suitable mathematical models
have been highlighted in the papers presented at the symposium.
Further, the studies have led to an understanding of the distribution and
abundance of commescially important marine fishery resources along with
their spatial and temporal fluctuations and to monitor the impact of effort
on the stocks exploited. This has provided the basis for rational and
judicious exploitation of these renewable resources,

These resources, being dynamic, demand constant monitoring.
which is systematically and scientifically done by various research
institutes, state and central organizations and universities. In this context
the key role played by CMFRI as the nodal organization in India for
marine fisheries research needs no emphasis and it was fitting that the
symposium was held at Maendapam Cemp., the headquarters of the
Institute till 1970. This Symposium has provided an effective platform
for interaction among Various research workers, administrators and
entrepreneurs, discussing the important aspects of R & D presented in the
form of papers. Also, on this occasign, the lastitute, for the first time,
released State-wise sppraisal reports based on analysis of data collected
during the period 1975-84, which is a landmark in the history of marine
fisheries research. This publication is the first part of pepers presented
at the Symposium, and the rest of the papers will be published in two other
parts which are to follow.



It may not be out of place to mention the commendable work
done in aditing thess papers by the Editorial Committee, first headed
by Dr K. Alagarswami, the then Jt. Director, end then by Dr K. Alagaraja,
Sr. Scientist. The Committee, in addition, had Sri M. S. Muthu, Dr,
N. G. Menon and Dr. K. J. Mathew, Sr. Scientists, But for the efforts
of all of them and the unstinted help received from the experts for screening.
refereeing and editing the papers, this publication would not have
been possible.

it is sincersly hoped that this publication would be made use
of by scientists, administrators, entreprensurs and industry to promote
the marine fishery research and  development in this countiy and
would remain a valuable addition to the Institute’s publications in
this area.

PSBR JAMES
Dirsctor



National Symposium on

Research and Development in Marine Fisheries

PAPERS PRESENTED

Technical Session I

NATIONAL FISHERY POLICY AND PLANNING

Paper 1

MARINE FISHERIES DEVELOPMENT - AN OUTLOOK
FOR 218T CENTURY AND KEY POLICY ISSUES

U. K. Srivastava
Professor and Chairman, Research, indian Institute of Management
Ahmedabad 380 015

ABSTRACT

Marine fisheries will have to play a crucial role in augmanting supplies both in the domastic as
wall as expart markets. Thrust of the development will bs on duspsea and brackishwater resources,
The exploitation ol these rasaurces, particularly despses. will require a rapid transition from charter of
vessels to jaint venturas a4d owned flast with modern and sophisticated technology. Crestion of sizeabla
owned fleet wou'd require massive credit end fiscal support.  IThis thrust for exploitation oi deepsea
regources can be sustained with concerted attempts to formulate and implement strategies for product
development snd marketing in both domestic as well as sxport marksts, This will also require the
sttention to develop the necessary infrastructure 10 handie such vessels, onshore processing facilities,
battar management of fishing harbnurs, cold chiain grid in the domestic markets, development of trensit

and terminal markets at wholesale and retail lsvels,
This alse throws up chalienges for net-marketing industry in this country.

chatienges.

Boatbuilding yards will hsve to take up new
All these

developmaents would also require massive efforts for training and development of manpower. This paper
deals with all these areas in & systems framework and suggests appropiiate policy support measuras for

strengthening various slemsants of the system.

The country has made remarkable progress
in the sea food exports particularly in the recent
yoears when the export has crossed Rs. 400
crores. In this sense the strategy for marine
tisherias development in India may be considered
successful. But a critical review of the perfor-
mance indicates some of the weaknesses;

1} Shrimp has dominated the exports in all the
years in value terms (Table-1}. About 829%, of
the total sea food exports in 1986 were shrimps.

2) The exports have been basically confined
to Japan and U. S. A, The other markets (wes-

tern Europe and elsewhere) have accounted for
not more than 1569, of the total value of the sea
food exports.

3) The supplies to domestic market have baen
mainly as a residual factor from the mechanized
boats (except from the motorized traditional
crafts in Kerala and Gujarat). There has besn a
growing demand.supply gap for edible fish in
the domestic market resulting in a more repid
rise in fish prices than all other commodities
{Table-2). It may also be noted that although
inland fish production was only one-third of the



. TABLE 1.
Shrimp exports from India

Quantity in tonnes
Value in Rs. in takhs

Year Total Frozen Share
Exports Shrimp Percentage
1980 Q 74542 47762 64.07
v 21887.56 18336.61 83.78
1981 o 76375 64638 72.36
A 2867128 24852.10 86.68
1982 Q 75136 54628 72.70
v 3422529 30097.83 87.94
1983 a 861869 53608 62.21
v 36232.31 31037.24 85.06
1984 Q 89912 £6184 61.39
v 38549.83 32728.48 84.90
1985 Q 80588 49544 61.48
v 37566 83 31450.38 83.72
1986 o} 89283 52113 58.39
v 46270.93 37997.89 82.12
Source: Marine Products Export Development Authority, Cochin.
TABLE - 2 total production in India, it contributed 579 of
Wholesale price indices the total edible domestic fish supplies.
4} In terms of deep sea resource exploitation,
Year Price indices . there has been very little effort to provide con-
: ducive infrastructure facilitios at other than
comn?claldities ::g:::i Meat Fish Visakhapatnam Fishing Harbour. Therefore deep
sea fishing vessels belonging to Tamil Nadu,
1960 64.2 48.3 44,3 34.4 P ‘
1965 71.2 70.0 24.0 840 2) Introduction of deep sea trawlers has slso
970 990 004 a1 w7 oo gwed lowards shimg miouces wrinarly
m Ba
197% 176.3 170.0 202.% 157.9 Visakhapatnam as base
1976 172.4 152.2 191.7 172.7
1977 185.4 170.8 216.9 192.4 6} The catches per unit effort and per vessel
1978 184.9 173.4 225.9 228.9 have' gone down in recent years, yet the intro-
9 R0 lsl3 mes a4 WOl ke b e
rage unit va alisation
1980 248.0 207.3 306.4 267.0 shrimp has been going up and it stood at Rs.
1981 278.4 230.3 330.4 346.6 72.86 per kg in the year 1986 as compared to
1982 286.3 244.7 368.0 429.8  Rs 3390 in 1976. This increase in unit value
1983 308.1i 275.7 376.5 451.6  realisation has taken place despite the fact that
1984 334.0 276.9 409.6 433.9  our export of shrimps has continued to be mostly
1985 3633 2846 489.9 484.6  in frozen block form.

Source. Economic Adviser, Ministry of Industry.
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This paper briefly reviews tne strategy of
marine fisheries development in a systems

CMEFRI



framework and indicates the major changes in
the exploitation of deep sea and brackish water
resources for meeting the projected export level
of Rs, 700 crores by 1990 and Rs. 1200 crores
by the year 2000 A. D., and also the domestic
supplies to meet the growing demand. Before
the review of the strategy for maerine fisheries
development, a systems perspective for marine
and brackish water fisheries is presented

. A SYSTEM FRAMEWORK OF MARINE
AND BRACKISH WATER FISHERIES

The total fisheries system can be broadly
classified into:

i) Resource sub-system

i) input sub-sysiem
iify Pracessing sub.system, and
iv) Marketing sub-system.

All the sub-systems have interlinkages
with each other. Unless all the sub-systems are
developed properly, nothing can be achieved
pecause they all are interdependent. The linkage

of major sub.systems in the industry are presented
in Fig. 1 and resource-wise linkages are given
in Figures 2, 3 and 4.

A. RESQURCE SUB-SYSTEM

The resource sub-system defines the limits
of growth and where actual fishing operation
takes place, The resources can be broadly
classified into three categories:

a) Inshore resources,
b) Off-shore resources, and

¢) Brackish water resources.

Inshore Resources

The Indian inshore region {upto 50 metres
depth) is highly exploited and sometimes over
exploited also, because the majority of fishermen
operste country crafts in areas very near to
shore,  Therefore, the major thrust of the
development is to be off-shore resources
especially deep sea resources and brackish water
resources.

RE SOURCE ~ -
SUB-SYSTEM
INPUT
INSHORE | SUB-SYSTEM
PROCESSING MARKETING
' CRAFT SUB-SYSTEM  SUB-SYSTEM
S AND GEAR
NON — DOMESTIC
MANPOWER PROCESS =zl ol 5
AND TRAINING oy 3
w g Wl o
NFF - FROZEN @« xS
GOVERN- '?wc SHORE HARVESTING a
MENT - TIVE . EXPORT
POLICY { |36 M LANDING AND DRIED
TONNES BERTHING Zl ol o
FACILITIES Wil o S
BY - ofal:8
- - INFRASTRUCTURE PRODUCT | o ?-Bg
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F.ig 1
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Off-shore Resources

The declaration of EEZ has opened up new
potentials for fisheries development. The
deep sea zone (beyond 50 metres depth) contains
38.39%, of total marine potential, while 11,19, of
total potential is in the depth beyond 200 metres.
It is estimated that our EEZ resources are capable
of producing 4.5 million tonnes of fish and
prawn, if developed and exploited properly,
However, the contribution of the deep sea
resources to present catch is hardly one percent.

Brackish water Resources

The importances of brackish water culture
lies in its capacity to supply of exportable
prawns.  Of the total 182.000 tonnes of prawn
production in India, the share of brackish water
was about 30%,. According to |IMA study, the
estimated culturable area of brackish water in
India is about 0.95 million hectares. The area
utilized so far is not more than 39 of the
potential which accounted production of about
10,000 tonnes.

B. INPUT SUB-SYSTEM

“The importance of the input sub-system lies
in involvement of its interlinked sub-systems in
increasing the production. It covers the com-
ponents from actual fishing to fish landing.

BULLETIN 44

Inshore Resources

Nearly two lakh traditional crafts and more
than 16,000 mechanized crafts have been
operating in inshore sreas. The mechanised craft
operating are mainly the small size ranging from
9to 12 metres end the majority of them are
outboard motors (OBM) or inboard engines
(IBE) type.;: However, thé operation of these
mechanized boats is becoming non-viable due
to hike in fuel prices and cost of its spare parts
as well as cost of wood itself. To overcome the
increased cost of wood, efforts are being made
to construct boat from materials like FRPjFerro
Cement which are cheaper in ¢ost compared to
wood, better in strength and easy to handle,

It has been estimated that introduction of
3.500 improved traditional fishing crafts in FRP
with outboard drives and 5,000 mechanized
boats in FRP/Ferro Cement for fishing in different
regions of the country would be needed for
exploitation of our marine resources in coming
decades.

Off-shore Resources

For the development of off-shore resources
requires big mecnanized boats (17 metres and
above) with onboard freezing facilitieg. Creation
of sizeable owned fleet requires massive  cradit
and fiscal support, Cradit is an important input
in case of deep sea exploitation.

Brackish water Resources

Development of brackish wsater ponds  for
fish/prawn cuiture is highiy capital and techno-
logy intensive operation.  Prawn seed is the
most critical input for brackish water culture
development. One should not rely on natural
seed resources. Fertilizer and feed are the other
important inputs for brackish water culture,
The culture of prawn requires knowledge of
their nutrient requirements in order to provide
adequate food for their growth and survival,

Most of the brackish water areas suitable
for culture are owned by government agencies.
Looking at the high investment and the risk
involved in the business, it has been suggested
that these lands be lsased to fishermen on long
term basis, which would be helpful in obtaining
credit from the financial institutions and facilitate
improvements of pond for intensive production.

5



Infrastructurs for Landing and Berthing

Fishing harbours or fish landing centres are
an important link between freshness of fishing
operation and delivery of fishes to consumers.
Establishment of fishing harbours with facilities
{ike landing quay, berthing jetty, fuel, fresh
water, etc, are essential. Boat and net repairing
facilities are essential at fishing harbours.
Facilities like cold storage, approach roads and
transportation aré prime requirements at landing
centres. At every tishing port, auction and
packing hall is required and sufficient land for
processors needs be earmarked.

Manpower Training and Education

When deep sea and brackish water resources
are to be exploited, the need for training and
education for the complex aperation has become
more intensive. In case of deep sea operations,
the education of fishing grounds and fisheries
science are needed along with the training of
operations of deep sea craft and gears, whereas
in case of brackish water culture the system is
totally different. Prawn culture in brackish
water fields has emerged as & multidisciplinary
science, which involves many aspects from
fishery biology to engineering and process.
ing.

C. PROCESSING SUB-SYSTEM

Fish is of highly perishable nature, the fresh
fish can’t be stored overnight in normal tem-
perature. Hence, fish has to be seither kept in
ice or chilled store to keep its freshness until it
is consumed or processed. Ice is used at differ-
ent stages of operation. Hence, the country
negds to have sufficient number of ice plants
and cold storage in order to extend the shelf-life
of fish and avoid wastage. Development of
edible products from by-catch is a prime area in
the market development.

D. MARKETING SUB-SYSTEM

Fish marketing can be broadly classitied
into two categories: {a) Domestic market and
{b) Export market.

In the domestic market fish is mainly
consumed in fresh form. Only due fo non-
availability of fresh fish the consumer is forced
to have fish in other form viz. dry and by-
products. In the domestic market the movement

6

of fresh fish is arrested by inadequacy of
proper marketing infrastructure. In the domestic
fish market there are many traders petforming
ditferent functions or mukltiple functions. The
share of fishermen in the consumer rupee
depends on the number of intormedisries and
the distance moved between the landing centre
and consumer centre. The standardization in
quality and weighing will improve the fishes-
men’s realization which otherwise leave both
fishermen and consumer at the mercy of traders.
Licensing traders is alsc helpful to regulate the
market.

Another important aspect in the marketing
system is the involvement of cooperatives in
the fish market which is considered to be a
suitable organization for increasing fishermen's
realisation and looking after his daily needs.
The cooperatives have to provide an integrated
service covering the supply of input, wotking
capital requirements and marketing as the
traders have been doing.

Export market development provides the
valuable foreign exchange earnings. This sub-
system consists of all the infrastiucture which
prepares products or facilitates for export
markets. This infrastructure includes organi-
zations and processing units. The strength of
the export marketing sub-system is evaluated
on how diversified are the products eand
markets.

. STRATEGY FOR MARINE FISHERIES
DEVELOPMENT IN INDIA

INSHORE RESOURCES

A major impetus of mechanization of fishing
crafts came from export potential for shrimps.
Therefore, since the inception of planned
development, the mechanization of fishing cralts
has been geared towards enhancing the power
of boats to haul the trawl nets to catch the
shrimp resources.

Meost of mechanized bocats oparate in
inshore waters and edible table fish supplies to
domestic market account for only 15 to 209
of the catches. Daspite the mechanization.
traditional boats still account for 85% of the
total catches. It isin the Seventh Plan that

CMFRI



llustrative Financial Analysis of & 23.85 metres Shrimp Trawler Operating from Vishagapatnam

Rs. in lakhs
1. Capital Cost:
~— Cost of trawler inclusive of CST @ 4 % 70.14
- — Cost of outrigger, nets and accessories 1.10
— Cost of providing shore facilities 1.00
— Working capital requirements 2.48
Total including contingency @ 59%,) 78.49
2. Annual Operating Expenditure 23.16
3. Total Revenhues (Sum of flows for 20 years) 298.09
4. Net Revenues ( v ) 221.63+7.03
(salvage
. value)
B. IRR 20.549,
Notes: 1. 8 voyages (average of 25 days duration each).
2. Catch per voyage:
PRAWNS
1. Tiger 400 200 0.80
2. White 800 180 1.28
3. Brown 2800 85 2.38
4000
FISH
1. Quality Fishes 5000 7 0.35
2. Misc. Fishes 1000 3 0.03
Total 4.84
Total income (8 voyages each) 38.72

Source: NABARD. Bombay.

emphasis has been laid on motorization of the
traditional crafts (mainly dugout canoes and
plank built boats) with a view to enhance the
edible fish supplies from the inshore regions
and improve the income levsl of traditional
figshermen.

DEEP-SEA RESOURCES

Our long coastal line of about 6,600 kilo-
metres, having an Exclusive Economic Zone
of about 2 million square kms, has most of
the vessals which are mainly engaged only in
shrimping operations. A very rich potential of
other species of fish to an extent of around
2.5 million tonnes are available in the tropical
continental shelf around [ndia, which are to be

BULLETIN 44

harvaested annually. In view of the potential
of the marine fishing industry, the Seventh Pian
proposes to induce 500 large fishing vessels of
OAL ranging between 24 metres and 60 metres
by 1990. Presently most of these vessels work
on the following kind of typical financial
calculations:

PROCESSING SUB-SYSTEM

Since most of the trawlers are geared to
shrimp resources the processing has been also
gearad to maks it into frozen block form. It is
known that there could be approximately 269
higher unit value realisation by value addition
it we can convert our shrimp in value added
form, like individually quick frozen (IQF
shrimp). '



Similarly there are large by-catches of fish
but no effort has been made to convert itinto
adible products for the domestic market and
exports. Even there have been instances when
large trawlers attempted to discard into sea
anything other than shrimp. No specialised
fishery for expioitation of squids, cuttle fish,
tuna and lobsters has been devsloped.

No thought has been given about the
resource depletion effort of ths continued
introduction of shrimp trawlers in the same
north Bay of Bengal fishing grounds. The
preliminary evidence indicated that the catch
per boat is declining in this area.

BRACKISH WATER RESOURCES

It has been estimated that 1.4 million
hectares of brackish water area (with 0.9 million
ha. of culturable area) is available for exploit-
ation for shrimp and other fish production.
This area is spread all over our coastal districts
largely in the states of Andhra Pradesh, Karna-
taka, Kerala, Maharashtra, Qrissa and Woest
Bengal and has so far been practically lying un-
utilized. The volume of exports of shrimp in
future would largely depend upon the exploit-
ation of this brackish water area. Even one lakh
hactares of area with one tonne potential visld
100,000 tonnes of exportable prawns. Yields
in Taiwan, Equador and Panama have crossed
20 tonnes per hectare, Thus the potential for
us to augment the supply of shrimp from brac-
kish water supply is immense.

itl. QUTLOOK AT THE TURN OF THE
CENTURY AND POLICY IMPERATIVES

It is now becoming clear that production
from inshore rescurces and shrimp landing from
captur2 fisheries can’t be main stay for marine
fisheries growth in the 21st century. The marine
fisheries growth for export as well as domsstic
market would have to come from brackish water
culture for shrimp and deep sea fisheries for
non-shrimp resources. The etements of strategy
1o promote the new resources of growth should
bs again seen in the systems frame-work as
indicated above. It is brisfly summarised below:
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INPUT SUB-SYSTEM

Deep Sea: Perhaps we will have to puta
limit to the introduction of shrimp- based traw-
lers in the name of deep sea resources exploitat-
ion Instead we will have to encourage larger but
specialized vessel for non-shrimp resources.
These vessels again would require different
types of gear and manpower training that has
kean traditionally imparted. Similarly the landing
and berthing facilities for such vessels would
have to be diversified at several places like
Andamans and Lakshadweep islands on the
pattern of Visakhapatnam. These fishing
harbours would have to bs equipped with
modern landing and berthing and processing
facilities, which make it attractive for large
vessels to tand their catches for processing and
exports from these harbours.

Brackish Water. 1n case of brackish water
the biggest problem is the availability of long
term |easing systems along with feed seed and
manpower training. The pearpetual conflict
between growth and equity observed in recent
years in casae of government policy, research at
technical institute and funding institutions
need to be resolved We would have to promote
intensive culture of prawns on the pattern of our
competitors and the equity objectives will have
to be met at best through the organizational
mechanisms (for example, through industrial
state of brackish water tish farmers where
farmers with limited means and financial back.-
ground can also participate in the highly capital
intensive culture operation).

PROCESSING SUB-SYSTEM

Deep sea: As we encourage more trawlers
for non-shrimp catch, it will be necessary to
augment the processing sub-systéem not only
for exportable variety like tuna and cuttiefish
but alse edibfe products out of by-catch for the
domestic market. The thrust on development
of deep sea resources calls for product develop-
ment out of unconventicnal varieties. The
product development should aim at:

i) making convenience food out of fish
available for direct consumption with a
large shelflife, and
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ii} converting low value fish into .high
value products with consumer sccept-
ance.

It is in this area that a close coordination
bstween the Ministry of Agriculture, Ministries
of Commerce and Industry heve 10 be effected.
Although technology exists at experimental stage
(for example, at Integrated Fisheries Project,
Cochin) the role of private sector units invelved
in food processing will be crucial for the by-
catch processing. In this context the emerging
trend towards processed food industry is notable
and these units should be encouraged to take up
fish processing for domestic markets also.

In case of shrimp, the policy support should
be moved to IQF, so that unit velue realisation
can be further increased. Funding institutions
{Commercial Banks, NABARD, |DBI and ICICI
which is going to operate shipping deveiopment
fund) need to reorient themseives for financing
various elements of the system,

Brackish water; In case of brackish water
shrimp production we may have to encourage
the well known processing houses to open their
_procurement centres at the pond site. The
remaining task can be handled by the processing
facilities development for the landings from
capture system.

MARKETING

Deep sea catches: As indicated above 829,
of the export had been mainly of shrimp., There
has been traditionally established markets, Now
with the emergence of Taiwan and Edquador for
the supply of shrimp, even in case of shrimp we
will have to go for more aggressive marketing
efforts and enforceé more strengthened quality
centrol measures.  In case of other varieties
of fish we have not learned the process of
international marketing mainly because of our
pre-occupation with chartering of vessels where
the foreign charter party undertakes a function
of marketing of ali the catches. We shall now
have to make vigorous efforts to promote joint
ventures and own fleet and this will entail
international marketing effort of different order
not experienced so far.

in case of domestic markets several steps
will have to be taken to augment the supply
from marine resources. This include develop-
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ment of infrastructure of fish market, cold chain
grips to move the fish and products from by-
catches to far awsy demand centres in the
country and making the quality fish available to
the consumers st convenient places. The
domestic market will have to act as a cushion
for fluctuations in the international markets. The
strategy of treating the domestic market as &
residual would have to change and this will
make the desp sea trawlers with non-shrimp
resources also financially viable,

Brackish water production: Exploitation of
brackish water resources would yield shrimp for
export and some 7ish for domestic market. While
shrimp has to be processed and marketed as in
the case of capture fisheries, the fish production
from brackish water rescurces may have to
process to enhance the shelf-life and transported
to higher demand centres. For example. in
Philippines,, milk fish is smoked and sold to
the consumers all over the place. In case of
some other fishes market development effort
would be necessary.

While in the past. major impetus for marine -
fisheties development came from growing
demand and rapid rise in the unit value realiza-
tion from shrimp in the international markets,
the strategy by the turn of this century will have
to be diverted towards the culture of prawns and
also processing as exports of other tish for
export market, :

Since there was a pre-occupation with the
export market no special attention was made
for the development of domestic market. With
the result, per capita consumption of fish in
our country has been around 3.5 kg and there
has been rapid inctease in the prices of edible
varieties. There is an urgent need to augment
the supply in domestic market from marine
sources and this requires sirengthening of
inshore catches from traditional crafts, motorized
traditional crafts and small trawlers; in addition
there is a need for processing and marketing of
edible products from by-catch on a much larger
commercial scale, '
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Paper 2

GROWTH PROFILE OF MARINE FISHRIES IN INDIA

P.S8.B.R. James
Central Maring Fisheries Research Institute, Cochin-682 031

ABSTRACT

An attempt is made in this paper 1o outtine the growth and changss that hava teken place in the
marine fisheries of India over tha past 4 decades The trends in merine fish !andings. the progressive
changes that have taken place in the craft and gear employed to catch the fish, the progrees made by the
fish -pracessing and marketing Endustry. including the pheanomenal growth of ths sxport of marine products,
are reviewed.

The rapid progres® achieved in important areas of marine fisheries research in the post-Indepsn-
dance era and the areas in which more resesrch is needed in the coming years are discussed. Education end
training programmes aimed at providing the treined manpower to implement the various developmental
programmes connected with the growth of the marine fishing industry ars aleo ouilined and the need for
strengthening these progrémmes is peinted out.

The growth |n the fisherman population, the machanisation of the indigenous craft. the introduction
of ths mechanised tishing vessels such »s tiawlers, purse seiners and gitl netters into the marine fishery,
the advent of large trawlers on the northeast coast of India and the eftect of all thegs developments on the
traditional fishermen are discussed. The attempts st promoting joint ventures and chartering of foreign
© vessels are anslysed with sespect 1o advanteges and disadvenisgss of such endesvours. The growth
in 1he financial outlay during the successive five-year plans st the Centra! and State levels snd its impact
on the development of the marine fishing sector are briefly elucidated,

The socio-sconomic consequences of o)l these development, the new problems that hava been
thrown up by the progress and growth of the marine fishing sector and the stretegies for solving some
of these problems ere discussed, For the balanced growth of the marine fisheries in India, an
integrated approach is needed involving alt the factors, scientific, technological, sdministrative and
social, that have a bearing on the capture, processing and utilization of the marins fishery resources.

in the pre Independence era marine fisher-
ies in India was a neglected subject or as we
euphemistically call it a “"deferred subject’” as
far as the British Adminijstration was concerned.
Apart from enacting the Indian Fisheries Act in
1897, which gave full powers to the provincial
Governments to frame and implement regulatory
measures in fisherias, little attention was paid
to the development of the marine fisheries
sectof.

But due to the intsrest taken by the
officers of the East India Company beginning
with Russel and Hamilton Buchanan and
followed by several others like Francis Day, a
Veterinary Surgeon who subsequentiy rose to
the position of the Inspector General of Fisheries
the officers of the Marine Survey of India such
as Seymour Sewsll, Alcock and Anderson and
later the stalwarts of the Zoological Survey of
India, Stanley Kemp and Hora, a wealth of
valuable information on the martine fauna of
India was collected. [nthe early part of the
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20th century the dedicated work dona by
Nicholson and James Hornell in the Madras
Fisheries Department laid the foundation for
the development of marine fishery in India.

The problem of supplying adequate quantit-
ies of fish to the Allied Forces ststionad in
India during the Second World War forcefully
brought home to the British Administration the
woefully backward condition of fisheries in
India. In January 1945 the Fish Sub Com-
mitiee of Policy Committee No 5 on Agriculture.
Forestry and Fisheries under ths guidance of
Baini Prashad who had become ths Fishery
Development Adviser to the Govt. of India,
recommended the establishment of a Central
Fisheries Research Institute and also suggested
other measures for development of lisheries
in the country. This historic document brought
fisherias within the orbit of concurrent subjects.

This lead to the establishment of the Central
Marine Fisheries Research |nstitute in Madras
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and the Central Inland Fisheries Resesrch
Institute at Barrackpore in 1947, the Deep Sea
Fishing station at Bombay in 1948 and later
the Central Institute of Fisheries Technology
(1957) to catalyse the development of fisheries
in India. The State Fisheries Dapartments
were also provided with grants for some
projects. The Five Year Plans initiated by the
Govt. of India foar the planned progress of
the country set apart specified amounts for
the development of Fisheries in India, for
fisherles research, modernization of fighing
craft and gear, development of infrastructure
facilities such as fishing harbours, cold
storages, ice plants, coastal roads and trans-
port facilities, and for the social uplift of
the fishermen community.

The plan cutlays for fisherles devalopment

in the seven Five Year Plans are given below:

Crores of Share in total
Rupees outlay (%)
First Plan 5 0.26
Second Plan 12 0.27
Third Plan 28 0.38
Fourth Plan . 83 058
Fifth Plan 161 0.38
SixthPlan 371 0.38
499 0.28

Seventh Plan

Although there has been a substantial

increase in the financial outlays tor fisheries

in successive plan periods the percentage of
funds allotted to fisheries fiuctuated from a

meagre 0.26% to 0.38% of the total outlay.

sxcept for the 4th plan when the share of
fisheries was 0.58%,. Aithough these funds
are woefuily indequate to meet the needs of
the fisheries sector, the planning has lead to

some tangible progress in the field of fisheries

over the years.

The major developmental activities that
were taken up during each Five year Plan are
outlined below:

1st and 2nd Five year Flans

Emphasis on mechanisation of indiganous
crafts, introduction of mechanised fishing boats
improvements in fishing gear, establishment of
infragtructure facilities such as processing
plants, cold storages and landing cenues,
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3rd Plan

Above programmes continued with greater
emphasis on introduction of mechanised boats
and adoption of synthetic materials for fishing
gear. Establishment of facilities for marketing.
Exploratory fishing intensified. Expansion of
export trade. Programmes for manpower
training intensified.

4th Plan

Beginning made in deep-sea fishing
through import of trawlers as well as their
indigenous construction. Export promotion
intensified. Construction of mechanised. boats
intensified. Preinvestment survey for constru-
ction of fishing harbours taken up. Intensifi-
cation of explorgtorv surveys.

5th Pisn

EFP strengthened for deep sea exploration.
Diversification of fishery products. Construction
of mechanised boats. Provision of infrastiuct-
ure facilities for larger vessels. Development of
culture technologies for prawns, fish, moiluscs. .
and seaweeds. Development of ancillary
industries such as boat building. net making
etc. Development of brackishwater farmas in
maritime  States. Socio-economic uplift of
tishermen. '

&th Plan

Intensification of efforts to stimulate brack-
ishwater prawn farming in the States. Funds
providad tor building large trawlers in the country
or for imparting them. Building up of infrastru-
cture in fishing harbours to facilitate operation
of large trawiers.” Export promotion intansified.
Exploratory survey of deeper areas for oceanic
tunas and deep sea fish. Motorisation of
country craft with outboard motors. Socio-
economic uplift of fishermen.

7th Plan

Promotion of prawn farming and hatcheries.
Development of deep-sea fishing fleet through
imports and local construction of big trawlers.
Strengthening of domestic marketing of fish.
Diversification of fish products. Motorisation
of country craft.
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This paper outlines the growth profiles-

in the field of marine fisheries during the
past 4 decades.

MARINE FISH PRODUCTION.

It was estimated that the total marine
fish catch in 1947.48 was about 3.73 lakh
tonnes (Anon, 1951). With the establisment
of the Central Marine Fisheries Research
Instituta, the collection of statistics of marine
fish landings on an all India basis was stand.
ardized and reliable production figures are
available from 1961 onwards (Table 1}. It has
increased from 3.73 lakh tonnes during the
Pre-Independence period 1o 17.23 takh tonnes
duing 1986, Over all, there has been an
increasing trend in the total production of
marine fish as ¢ould be seen from Table 1.

TABLE 1
Annusl marine fish landings (in lakh tonnes)
in India from 1951 to 1986

Year Landings Year Landings
1951 5.34 1969 9.14
1962 5.28 1970 10.86
1953 5.81 1971 11.61
1864 5.88 1972 9.80
1955 5.96 1973 12.20
1956 7.19 1974 12.18
1957 8.76 1975 14.23
1968 7.56 1976 13.63
1959 5.85 1977 12.60
1960 8.80 1978 1404
1961 6.84 1976 13.88
1962 6.44 1880 12.50
1963 6.55 1881 13.78
1964 8.60 1982 1421
1965 8,33 1983 15.48
1966 8.90 1984 16.31
1967 8.63 1985 15.35
1968 9.03 1986 17.23
Source : CMFRI

The plan-wise trend in merine fish produ-
ction is as follows:
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Avarage Growth rate

annual bstwesn the annual av.
Plan period production Five yaar growth

flakh tonnes)  plan periods rate
 First Plan 5.84

Second Plan 7.60 3019, 5.4%,
Third Plan 7.66 -0.05%,  -0.01%
Fourth Plan 11.03 45.99, 7.8%
Fifth Plan 13.48 22,29, 4.19%,
Sixth Plan 14,74 9.39, 1.8%

After the initial spurt in the catches during
the first two years of the Second Plan period,
the marine fish production stagnated during the
major part of the 2nd and 3rd Plan periods and
began to increase again towards the end of the-
3rd Plan period. Interestingly, the sudden
increase in marine catch during the 4th Plan
period coincides with the increased financial
outlay for fisheries (0.589) during the 4th five
year Plan. The growth rate in production
between the plan periods reached & peak during
the 4th plan period and then slowed down during
the Sth and 6th plan period.

The sudden increase in marine fish product.
ion during the 4th plan period is probaby due
to the introduction of small mechanised boats
and opening up of newly discovered tishing
grounds along the Indian coast as a resuit of
the surveys conducted by the Govt. of India
vessels and the vessels belonging to the indo-
Norwegian proiect. The share of the total
marine catch by the mechanised fishing vessels
over 1the years is given below:

Share or mech- Share of mach-

snised boats anised boats
Your in total Year in tatal

marine catch maring catch
1969 20.09, 1978 63.09%
1970 22.0%, 1979 63.7%
1971 21.09 1980 69.6%
1972 38.09, 1981 60.9%,
19873 37.09 1982 63.9%,
1974 36.0%, 1983 62.49,
1975 39.0% 1984 63.9%
1976 42.0% 1986 72.9%,
1977 49.99%, 1985-86 16.0%

Source: CMFRI
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The share of the mechanised fishing boats
(Motorised indigenous crafts are also included)
has increased from 20%, in 1969 in 759%, in
1985-86. This is closely related to another
trend noticed in the composition of the marine
catches in India over the same period. The
pelagic fish which form the major part of the
catch of indigenous craft contributed 65% of the
total marine fish landings in 1962 while they
formed only 51.4%, of the total landings during
1985-86. In other words the contribution of
the demarsal fish which form the dominant
component in the catch of mechanised vessels
has increased from 359%, in 1969 to about 499,
in 1985-86. The significant impact of the
mechanisation programme on the marine fish
catch is avident from these trends.

MEANS OF PRODUCTION

The growth that has taken place in the
fishermen population and the fishing craft and
" gear during the recent years is outlined here,
The earliest estimate of the fishermen population
of India is given for 1931 by Anon (1951). The
total fishermen population (marine as well as
inland) was 13,353,565 out of which 4,30,633
were active fishermen. The number of marine
fishermen is not given separately. However,
the Fisheries Sub-committee (1945) had noted
that there was a marked decrease in the aumber
of active fishermen particularly in the maritime
areas due to the poor returns that the fishermen
were getting and the consequent mass enroll-
ment of fishermen in the fightingforces during the
Second World war (Anon, 1851). The Central
Marine Fisheries Research Institute has con-
ducted frame surveys and census of fishermen
villages during 1961-62, 1973-77 and 18g0.
The summary of the data collected during these
. 8urveys is given below:

1861-82 1973-77 1980
No. of tishing villages 1797 1913 2408
Fishermen population 9,569,937 14,356,168 20.96.,314
Active fishermen 2,29,364 3.22,632 4,747
No. of indigenous bosts 90.424 1,060,480 1.40833
No. of mechanisad boats nil 8,086 19,013

There has been a 118%, increase in fisher-
men population from 1961-62 to 1980 while
the increase in active fishermen was 108% during
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the same period. and the number of indigenous
crafts increased by 55.79%,.

The various types of indigenous boats at
the time of our independence was estimated as
69,897 (Anon, 1951). This estimate is compared
with the number of indigenous craft estimated
during the 1980 survey of the CMFRI below:

1947 1980

Plank built bosats 3.48% 39,147
Dug-out canoes 36,317 26,442
Catamarans 23,852 73,886
Masula type boats 6.243 2,150
69,897 1,40,833

Totsl

While the number of indigenous boats has
doubled during the period, there has been a
reduction in the number of dug-out canoes (by
25.69%) and masula-type boats (by 66.6%).
There has been a 10 fold increase in the number
of plank built boats and a 3 fold increase in,the
number of catamarans. The reduction in the
namber of dug-out cenoes may be dus to the
non-availability of large ftrees which were
traditionally used for constructing the dug-out
canoes. The masula-type beais which were
used for operating the large shore seines such
as Kara valai in Temil Nadu, A/iv/ vala and Pedha
vala in Andhra Pradesh and rampani in Karnataka
and which needed a large number of men to
operate, have become reduced in number perhap®
because it has become uneconomical to operate
these labour intensive gear.

Although experimental trawling with small -
mechanised boats (10.97 m OAL)* were carried
out even during 1964-59 by the indo-Norwegian
project, along the S. W. coast in shallow waters,
commercial trawlings with small mechanised
vessels became popular only in the later half of
the sixties.

They were mostly 9.14 m to 9.75 m in QAL.
The smaller onas popularly cailed Pablo boats
which was originally designed by Mr. Illugasson,
FAQO Expert to Tamil Nedu Govt. were used for
operating drift gill nets and also for hand
operated trawl-nets, The larger boats were
fitted with trawl winches. Purse seiners were
introduced in Karnataka and Goa on a commer-
cial scale in 1976-77 and later in Kerala. One
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of the earliest indigenous boats to be mechanised
were the plank built boats of Maharashtra,
Gujarat and Tuticorin. In recent years the
dug-out cances and catamarans of Kerala are
being motorised by fixing outboard motors.
According to the 1980 survey conducted by the
CMFRI the number of mechanised boats under
each category were as follows:

Trawlers 11.316
Gill netters 3,931
Dol netters 2,895
Purse seiners 428
Others 217

Total 18,790

According to the latest estimates there are
about 23,000 mechanised boats in the country.
(This includes motorised indigenous crafts).

Recently the B.0.B.P. has developed and
tested beach landing crafts constructed of fibre
glass for operating from the surf beaten coasts
of Tamil Nadu and Andhra Pradesh. During the
Seventh Five Year Plan it is proposed to intro-
duce on an All India basis 2000 beach landing
crafts and motorise 8000 indigenous crafts to
increase fish production from the inshore waters.

SURVEY OF OFFSHORE AND DEEP SEA
FISHING GROUNDS

Simultaneously with these developments
which were taking place mainly in the inshore
waters, mapy agencies have been trying to
explore the possibitity of extending the fishing
operations to deeper areas not being exploited
by the indigenous crafts. Even before Inde-
pendence, the provincial Governments of
Bengal. Madras and Bombay tried, to fish upto
100 fathom depth with steam powered vessels,
such as Golden Crown (1908) in the
northern Bay of Bengal, Lady Goschen (1927-
30)inthe S. E. and S. W. coasts and William
Carrick (1821-22) in the N. W. coast.  Apart
from indicating the presence of some potential
fishing grounds these operations were not
successful. It was only after the establishment
of the Deep Sea Fishing Station (DSFS) by the
Govt. of India (GOI) at Bombay in 1946 that
exploration for new fishing grounds in Indian
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.upto a depth of 7 m from 12 bases.

waters really got under way, The GOl soon
established offshore fishing bases at Cochin,
Mangalore and Veraval on the west coast and
at Tuticorin, Madras and Visakhapatnam on the
east coast and also a base at Port Blair in the
Andaman Islands and the whole programme

. was renamed as Exploratory Fisheries Project

{EFP) in 1974 and later as Fishery Survey of
India (FSI) in 1983. Starting with 1he steam
trawler Meaena in January 1948, followed by
Danish cutters M. T. Ashok and M. T. Pratap
(260 H. P.) and a host of other TCM aid vessels
of smaller and larger sizes upto 19692, this
oexploratory programmse in close collaboration
with the scientists of the CMFRI who partici-
pated in some of the cruises, brought out the
resuits of these surveys in a series of publi-
cations (CMFRI, 1954; Jayaraman ef a/,, 1959:
Nagabhushanam et al., 1964; Rao et a/., 1968;
Rao and Dorairaj, 1973; Pai and Mahadevan
Pillai, 1973; Sekharan &t e/., 1973, Kuthalingam
et al., 1973 and Rao, 1973), Between 1970
and 1980 the EFP acquired 20 numbers of
identical steel trawlers of 17.6 m QAL and
organised a comprehensive survey of the
demersal resources of the entire indian coast
This weli
planned, round the year coverage of all the
areas and depths upto 70m has yislded valuable
information about the demersal resources of
our coastal waters {Joseph, 1980).

With the declaration of EEZ in 1976 the
Government of India keenly feit the need for
collecting data on deep sea resources beyond
the 70 m depth and, therefore, chartered a 69 m
Polish factory trawler M. T. MURAENA which
surveyed the north-west coast between latitude
16°.23° upto a depth of 200 fathom. This
vesesl used both bottom trawls and pelagic
trawls and discovered the existence of vast
shoals of horse mackerel, ribbon fish,
cat fish, pomirats and carangids in the iegion.
in fact the pelagic trawling by M. T. MURAENA
yielded better results than bottom trawling
(Anon, 1979; Bapat et a/, 1982). From 19879
to 1986 the FS| has been acquiring larger
survey vessels (31.5 m to 42,6 m) for conduct-
ing bottom trawling, pelagic trawling and long-
lining in the deeper areas (70-500 m) of our
EEZ on the east and west coast. A wealth of
information on the availability of deep sea
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demersal fishes and tunas has been colilected
by these surveys. (Philip et &/, 1984; Joseph
and John, 19886; Joseph, 1986; Sivaprakhasam,
1987 and FSI Bulletin No. 13). It was observed

that the northern latitudes of Gujarat, Maharas- -

htra, West Bangal, Orissa and Andhra Pradesh,
where the continental shelf is relatively wide,
are the most productive. In Gujarat the major
resources between 70-100 m were pomirets,
elasmabranchs, perches and cephalopods and
between 100-200 m horse mackerel and thread-
fin breams are the major rescurces. In Maha-
rashtra the ribbon fishes, pomfrets, and perches
are the major groups in the 100-200 m zons.
in Karnataka threadfin breams. bull’'s eye,
drift fish and lizard lish are the important
rasources in the 70-200 m depth zane whiie on
the continental slope (200-500m) black ruff
and drift fishes are abundant, In Kerala cat
fish and threadtin breams are the dominant
resources in 70-100 m while the bull's eys
becomes important in 100-200 m and green
eya, black ruff and deep sea Ilobstets and
prawns occur on the siope (200-5C0 m). The
Wadge Bank is dominated by perches and
balistids in the 70-100 m zone and threadfin
breams and scads in the 100-200 m region,
while deep sea sharks are found on the conti-
nantal slope. In the Guif of Mannar barracudas
and crabs are abundant in 100-200 m while
bull's eye, scads and threadtin breams are tound
on the slope (200-500 m). The ‘Coromandal
coast has cat fishes, scads and perches in 70-
100 m, bull's eye, drift fish, scads and threadfin
breams in 100-200 m and green eye, drift fish
and cephalopods, on the slope segion. Along
the Andhra coast scads and cat fishes are
dominant in 70-100 m, thheadfin breams, buli's
eye and scads in 100-200 m and bilack ruftin
200-500 m. A remarkable finding is that in the
shelf region off the coasts of West Bengal and
Orissa mackerel formed 229%-369% of the
demersai catch from the 50-100 m zone and
8%-629, in 100-200 m; the siope region is
dominated by bull's sye and cephalopods.

Concurrent with the above efforts of the
FS1, the indo-Norwegian Project (INP) which
was established in 1962 at Nesndakara and
which was shifted to Cochin in 1963 started
using small mechanised vessels (10.97m) to
explore the shrimp resources in the shallower,
regions of the continental shelf betwesn Goa and
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. continental slope with [arger vessels.

Mandapam Camp along the S. W. and S. E.
coast and identified productive shrimp grounds
off Karwar (3-33 m), Mangalore (16 29 m),
Cannanore (9-25 m), Cochin (9-37 m) and
between Alleppey and Quilon (9-37m). The
INP which was lafer taken over by the Govt.
of india in 1972 and renamed as Integiated
Fisheries Project also surveyed the deeper
regions of the S. W. coast of india upto the
Apart
from bottom trawling these vessels also experi-
mented with pair trawling, single boat pelagic
trawling, purse seining, hand lining and trapp-
ing and squid jigging. These operations in
which the CMFRI also participated actively,
revealed the existence of desp sea lobster
resources between 180 and 270 m off Quilon
and Mandapam, and deep sea prawn and fish
resources on the Quilon Bank (300-480 m)
{Tholasilingam et 2/, 1964; Tholasilingam and
Nair, 1968; Silas, 1969; Rao and George, 1973;
Susealan, 1974; Mohamed and Suseelan, 1973;
Oomen, 1980, 1985; and Pillai and Sathiarajan,
1986). The existence of rocky grounds rich in
tock-cods and other large perches between 8°N
and 14°N latitudes on the west coast of India
in 78-1156 m depth was also brought to light
(Silas, 1909). :

The Pelagic Fisheries Project (PFP) at
Cochin which was estabiished with UNDP;FAQ
assistance in-1971 carried out extensive acoustic
surveys with research vessels Sardinella and
Rastrelfiger, coupled with aetial surveys, for
pelagic fish on the 8. W.coast. During these
surveys fishing with pelagic trawls was also
done. Dense concentrations of white baits,
hoise mackersl, scads, ribbon'fish and cat

fishes were located along the S. W. coast and

estimates made of their standing stocks {Menon
and George. 1975; Rao et a/., 1977; Anon, 1976
aand b). The existence of mackersl and oil
sardine shoals outside the presently fished
inshore zone was also brought to light.

The tuna long-liner of the Central Institute
of Fisheries Nautical and Enginsering Training
(CIFINET) has been conducting iong-line fishing
for tunas since 1981 in the Arabian Sea, Indian
Oc¢ean upta 6°S |atitude, Bay of Bengal and
the Andaman Seas. Very high hooking rates
(upto 38.69;) for yellow fin tunas have been
obtained oft the the Karnataka-Konkan coast
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between lat. 12°N and 15°N and long. 71°E to
73°E  These fishing grounds are hardly 120
nautical miles due west of Honavar (Swaminath
&t al., 1987).

COMMERCIAL "“DEEP SEA’ FISHING
VENTURES

There have been a few very successful
commercial ‘‘deep sea’” fishing ventures in
the private sector. The New India Fisheries
Company, Bombay had a very successful spell
of bull-trawling during 1956-63 in the N. W.
region between Bombay and Kutch. The two
pairs of bull-trawlers (250 H. P. each) landed
26,304 metric tons of fish which was sold for
1.6 crores during this period. However the
fishing operations were confined to less than
70 m depth (Rao, 1973).

The other success story was on the N. E,
coast. The Union Carbide Company operated
Mexican type outrigger trawlers with facilities
for onboard ftreszing e&nd packing. With

_Visakhapatnam as base these vessels were
fishing along the Andhara, OQrissa and West
Bengal coasts mainly for shrimps. They started
with 2 vessels in 1970 and because of their
spectacular success introduced 2 more in 1976.
However, their fortunes started declining in
1976 due to poor management and eventually
collapsed in 1983. The catch details of these
fishing operations of the Union Carbide vessels

-~ are not available but it is said that they got 7.2

tonnes of prawns per day (head-on weight)
during the peak season and 1.7 tonnes psr day
during the lean season.

The early success of the Union Carbide vessels
stimulated a number of private entreprencurs
and the State Fisherijes Development Cor-
porations to go in for large trawlers (23 m)
mainly for shrimps. At present (1987) there
are about 96 large trawlers (23 m and above)
and 30 smatler trawlers (17 m) operating from
Vigsakhapatnam fishing harbour. They are
fishing between 15 and 100 m along the
N. E. coast from Visskhapatnam to the
Sandheads. These vessels discard most of the
fish catch and bring back only the prawns in
the headless condition. On an average each
large trawler Janded 43 tonnes of headless
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prawns during 1983-84, 47 tonnes during
1984-85, 40 tonnes during 1985-86 and only
31 tonnes during 1986-87. The catches are
clearly declining (Sudhakara Rao, MS). The
value of the 3077 tonnes of headless prawns
landed by the big trawlers at Visakhapatnam
during 1986-87 is valued at Rs. 37.5 crores.

CHARTERING OF DEEP-SEA VESSELS
AND JOINT VENTURES WITH FOREIGN
COLLABORATION

The Government of India in a bid to
stimulate interest in deep sea fishing introdu~
ced the charter and joint venture schemes in
1976, Under certain stipulated conditions
companias could charter foreign vessels or enter
joint ventures with foreign companies for deep
sea fishing, boat building, processing and
marketing of marine products. The purpose
of these schemes was to import technical know-
how in deep sea trawling, pursessining, long-
lining and squid jigging. modern fishing craft
designs, boat building and to train Indian
counterparts in all these activities. |t was also
feit that these opsrations would open up new
fishing areas for deep sea fishing and lead
to the building up of a sound indigenous deep
sog fishing sector. Howsver, these ventures
did not work out very well dus to various
reasons. The chartered vessels have not given
us any additional information on the resources.
In fact the analysis of the catch of six con-
fiscated poaching Taiwanese vessels (Joseph’
1981) has given us more information about the
composition of the resouices. At one time
there were 108 chartered vessels fishing in our
waters (Gokale, 1886). It was well known
that they were fishing only between 30 and
40 fathoms. So when fishing of these vessels
within the 40 fathom line was banned the
chartered vessels quickly withdrew, obviously
because it was not economical for them to
fish beyond the 40 fathom line. Howaever,
the Govt. of India has again revived the
charter and joint venture schemes in January
1987 after revising the terms and conditions.

MARINE FISHERIES RESEARCH

Marina fisheries research in India really
started during the early part of this century with
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James Hornell of the Fisheties Department of
tha Madras Province, who conducted a survey
of the fishing methods of the Madras Presidency
(Hornell, 1924, 1934) and initiated studies to
understand the fluctuations in the oil sardine
fishery on the west coast (Hornell, 1910;
Hornell and Naidu, 1923) and the psarl fishery
in the Gulf of Mannar (Hornell, 1906, 1918,
1922). He also tried to understand the factors
responsible for the spawning of edible oysters
(Hornell, 19190). However, after Hornell marine
fisheries research languished and was revived
again by Hora and his associates (Hora, 1934;
Hora and Nair, 1940; Prashad ef al., 1940).
The tradition has lingered in Madras (Devanes-
an. 1943.)

However it was only after the establishmeant
of the Central Marine Fisheries Research Insti-
tute in 1947 that Marine Fisheries Research
cama into its own, The main objectives of the
Institute are to estimate and monitor the catches
of the various types of marine fishes fanded by
the different types of fishing gears all along the
Indian coast throughout the year, to conduct
research on marine fisheries resources in order
1o step up their production to the maximum
sustainable level, to locate new fishing grounds,
to conduct environmental studies in relation
to fisheries and to develop indigenous techno-
logies for culture of marine organisms with a
view to generating additional resources for
human consumption and to recommend mea-
sures for the rational exploitation of the various
fishery resources,

The Institute has come a long way from its
humble baginnings in 1947 and has bscome a
premier centre for marine fisheries ressarch in
the S. E. Asian region. An update on the
achievements of the Institute has been published
recently (James. 1986) and the numerous
publications of the Institute right from its
inception have been listed in a bibliography
published recently (CMFRI Special Publication
No. 27).

The Central Institute of Fisheries Techno-
logy (CIFT) was set up in 1957 to undertake
regearch on fishing craft and gear, post harvest
handling, processing and packaging of fish,
and quality control ot fishery products. The
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achievements of the Institute are highlighted
in a recent publication by Nair (1986).

The National Institute of Oceanography
(NIO) was gset up in 1966 at Goa. The major
objectives of the Institute are, advancemant of
knowiedge about the Indian QOcean, develop-
ment of mariculture technology, survey and
oxptoitation of mineral resources, oil pipseiine
surveys, pollution monitoring and control.
coastal development, development of marine
instrumentation, establishment of an oceano-
graphic data and information centre and
participation in international oceanographic
programmes and the Antarctic programme of
the Govt. of India

Apart from these thres national Institutes,
the maritime Universities such as Andhra
University, Madras  University, Annamalai
University, Kerala University, Cochin University
Bambay University and the Fisheries Colleges
attached to the Agricuitural Universities of
Tamil Nadu, Kerala, Kainataka and Maharashtra
have made valuable contributions to the field
of fishery science. The State Fisheries Depart-
ments of West Bengal. Tamil Nadu, Kerala,
Maharashtra and Gujarat also have active
research wings for tackling problems of local
fishery importance.

The tremendous amount of research work
done by the national [nstitutes and Universities
during the 4-decades is commendabie. These
researchas have brought to light the great scope
for strengthening marine fisheries research in
the following areas:

1. Monitoring and assessment of marine
fishery resources and their response to
fishing pressures.

2. The influence of environment parameters
on the recruitment, aveilability and move-
ment of fish stocks.

3. Estimating the population psrameters of
under- exploited fishery resources to assess
their potential for further exploitation,

4. Further development of technologies for
* mariculture of marine organisms,

5. improving the fuel efficiency of the fishing
vessels and fishing efficiency of the gear.
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DOMESTIC MARKET FOR MARINE
PRODUCTS

Prior to 1947 the major part (519%,) of the
fish caught were sun-dried or saited and only
42.7¢%, were consumed in the fresh condition,
This was mainly becsuse the landing places
were not properly connected to the main roads
for quick transportation of fish, nor were cold
storage facilities available at most of the landing
centres. Since 1966 however, the pattern of
consumption of fish in the domestic market has

undergone a sea change. About 70%, of the
fish are marketed fresh. Cold storages, ice
plants, processing facilities and transportation
systems have been developed and fresh fish
are transported to far off interior places to be
sold in good condition. The rising standard of
living of the people and the consequent change
in their food hebits have also resulted in
the heavy demand for fresh fish. The changing
pattern of fish utilization in the country can
be seen from Table 2. For comparison the
world figures for fish utilization are also given,

TABLE 2

Utilisation of fish in India and the world

India world

1945 1961 1966 1979 1982
Marketed fresh 42.7%, 47.99%  70.49Y% 65.19, 18.89%,
Frozen — v- 1.9% 5.6% 22.1%
Cured 41.0%, 43.7%  21.99 22.29% 14.4,
Canned — o~ 0.6% 0.2%, 18.09%,
Reduced 7.0% 8.49, 3.9% 5.4 29.7%
Miscellanegus - — 1.3% 5.49, 1.0%

It is immediately apparent that the pattern
of utilization of fish in India is entirely different
from the average pattern observed in the other
countries of the world, where only 20% is
marketed fresh while the major part is processed
into frozen, canned or reduced products,

In India fish which were once considered
as “tresh’’ have now becomse acceptable and
have even become delicacies or costly expon-
able varieties. The domestic market for fish
has heen largly neglected since the export
boom started in the early sixties. However
the State Fisheries Departments have been
trying their best 1o develop a good marketing
system,

The IFP has done some pionesering work
in this field by introducing diversified fishery
products to promote domestic consumption of
fish. The State Fisheries Marketing/Develop-
ment Federationsf/Corporations in Tamil Nadu,
Kerala and Maharashtra have also devoted
much attention to promote the domestic con-
sumption of fish through the fish stalls and
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canteens which they have opened in the larger
cities, It should also be remembered that there
is still a great demand for dried and cured fish
products in the interior places which should
be properly exploited for the benefit of the
fishermen and the consumers,

EXPORT OF MARINE PRODUCTS

Till early 1950s India was mainly exporting
dried and cured fishery products to Hong Kong
Singapore, Burmah and Sri Lanka (Table 3).

TABLE 3
Export pattern ot fish products in 1945
(Average for 1941-45)

Fish products Quantity (tonnes)

Fish (including prawns) 12,512

sun dried
Fish, dry sailted 7,822
Fish, wet salted 1,743
Fish, maws & shark fins 2256
Fish meanure 4,038
26,340
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About B84.7% of the exports were dried or
safted. Canned or frozen fish or prawns were
unheard of.

But during the late fifties the demand for
frozen prawns in the international market was
increasing and some enterprising men in Kerala
started freezing the prawns and exporting them
mainly to the U. $. A. Because of the high unit
price realised by frozen prawns in the interpa-
tional market it attained the number one posi-
tion among the expoit marine products in the
early sixties. Soon prawns were zlso canned
and exported. Dried prawns continued to be
axported but in declining quantities. The

trend in marine products export from 1966 to
1986 is given in Table 4, The canned prawns
and dried prawns steadily decreased in import-
ance as export items over the years (Table 4).
There has been a gradual increase in the export
of lobster tails. It is encouraging to note that
the fresh/frozen fish export has picked up after
1975, the export of dried fish has been stea-
dily declining but there are signs of it picking
again in 1986 (Table 4). There has been a
steady market for shark fins and fish maws from
1966 to 1985.  Another encouraging trend is
the steady increéase in the export of frozen cuttle
fish and squids from 1975 onwards.

TABLE 4.

Pattern of merine products export from indja (Q-quentity in tonnes:
V-value in thousands of Rs; figures in parenthesis are psrceniages}

1966 1970 1975 1980 1986
1. Frozen prawns Q 7028(45.47)  22136(68.61})  48B31(87 68)  47762(64.07)  49640.61.47)
v 41422(69.83) 242516(68 21) 943386.89.93) 1833661(83.78) 3143837(93.69)
2. Canned prawns Q 1148( 7.43) 2578{ 8.93) 261( 0.49) 365( 0.49) 16{ 0.02)
v 95068(13.73)  39541(11.13) 6999{ 0.57) 16794( 0.72) 765( 0.02)
3, Oried piawns Q 1702(11.01) 1486( 4.00) 98{ 0.18) 124(0.17) 117(0.16)
v 8447{ 7.87) 8381( 2.35) 1132( 0.11) 1349( 0.06) 1600{ 0.04)
4. Frozen lobster tail Q 112( 0.72) 382( 1.03) 402( 0.75) 501¢ 0.67) 1465( 1 82)
v 1274( 1,84) 6021,1.69) 15760( 1.27)  27889( 1.27) 120963( 3 21)
6. Fresh and frozen fish Q 8 8 134( 0.25) 11195( 16.02) 9667( 11.88)
v 30 42 1884( 0.18) 111939( 5.11) 162137( 4.31)
8. frozen curilefish® Q nit nil 1017 1.80) 1603( 2.18) 4138( 5.13)
fillets v 29071( 2.77)  30326( 1.38)  91657( 2.44)
7. Frozen squid Q nil nil 46( 0.09) 2179( 2.92) 3485( 4.3¢)
v 306( 0.03)  25084(,1.16) 43946( 1.17)
8. Dried fish Q 4431(28,87) 7269(19.66) 2296( 4.30) 4340( 5.82) 9022(11.20)
v 6522( 9.42) 18368( 6.17) 9061( 0.86)  20802( 0.95) 79626( 2.12)
$. Shark fins & fish mows Q 244( 1.58) 282( 0.76) 307( 0.57) 332( 0.45) 242( 0.30)
v 2032( 2.93) 5998( 1.69) 9822( 0 84) 32526( 1.49) 31780( 0.86)
10. Frozen frog legs Q 443( 2.87) 2646( & 88) 1317( 2.47) 3096( 4.15) 1785( 2.21)
v 2694( 3 89) 32899( 9.26) 27083( 2.67)  73200( 3.34) 63653( 1.69}
11, Qther items Q 341 2.26) 480( 1,34} 703( 1.16) 3046( 4.09) 1221( 1.62)
v 310( 0.49) 1643 (0.47) 6460 (0.44)  16186{ 0.74) 10847( 0 46)
Total Q 16467 37178 53412 74542 80488
v 68237 366369 1048063 2188756 3756699
Source: MPEDA Statistics of Marine Praoducts Exports 19885,
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The marine products exports from India have
increased from 16,457 tonnes in 1965 to 80,5688
tonnss in 1985, the value increasing from Rs.
6.92 crores to 375.67 crores in the same period.
The quantity of frozen prawns rose from 2238
tonnes (19.39%) in 1962 to 49540 tonnes
(61.47¢,) in 1985 and has become the mainstay
of the marine products export industry, fetching
a foreign exchange of Rs, 314.38 crores in 1985,
This accounts for 83 79, of the total export
earnings from all marine products. The major
share (81.3%,) of exported frozen prawns went
to U. 8, A. market in 19865, with Japan coming
second (109%) and Australia third (7.8%,). But
over the years the trend as faras U. S. A and
Japan are concerned has been reversed, Japan
absorbing 67.6% of the frozen prawns in 1985,
The share of Australia has also gone down
while ths exports to U. K. have picked up
slightly (8.5%) in 1985 (Table 6).

To look after the fast developing export
trade in marine products the Marine Products
Export Promotion Council was formed in 1961.
This body was renamad Marine Products Export
Development  Authority (MPEDA) in 1972.
The MPEDA's specific functions include regi-
stration of fishing vessels, processing plants
and infrastructure facilities, laying down stand-
ards and specifications for marine products,
improvement of marketing of marine products
overseas by providing market intelligence, pro-
motional activities, rendering financial and other
assistance to exporters, regulation of export
of marine products and arranging for training
in different aspects connected with export.
in recent years the MPEDA has gone in a big
way to help promote brackishwater prawn culture

in the country. Apart from giving subsidies
to prawn farmers and prawn seed banks, the
MPEDA is also establishing large prawn hat-
cheries with foreign collaboration in various
States.

DEVELOPMENT OF INFRASTRUCTURE
FOR THE FISHING INDUSTRY

The major portion of the five year plan
outlays have been spent on the development
facilities for developing marine fishing industry.
Fish are landed in 14t4 landing centres
along the long coastline of India and the
fishermen who are bringing this catch live in
2408 fishing villages, 1f the fish landed at
these sprawling centres are to be utilised
efficiently by the country a vast amount of
infrastructure facilities in the form of landing
bases. connecting roads, transport vehicles,
adequate water supply system, gear sheds,
hard ground for drying of fish, ice plants, etc,
have to be provided. Towards this end the
centrally sponsored financial assistance schemes
ate operated by the State Fisheries Depart-
ments of all the maritime States to provide
these basic amenities 1o as many fishermen
villages as possible,

To accommodate the rapidly developing
fleat of small mechanised boats the Govern-
ment of India set up a Pre-investment Survey
of Fishing Harbours project in 1968 with
UNDP assistance. As a result of these surveys
the Government havé taken up the construct-
ion of & major fishing harbours and 83 minor
fishing ports which are at various stages of
completion. One more major fishing harbouy

TABLE b,

The share of major merkets for frozen prawns in %, (on the basis of
quantity exported from India)

1965 1970 1976 1980 1985
U.S A 81.27 63.18 29.07 13.85 18.59
Japan 10.40 29.93 64.64 76.28 67.62
Australia 7.82 3.26 2.60 0.57 0,37
U. K. — negligible 0.26 2.81 8.64
Others 0.51 3.64 3.63 6.24 4.88
20 CMFRI



and 15 minor ports are being provided in the
Seventh Plan. It is expected that when these
harbours are completed they wili be able to
accommodate about 16,000 small mechanised
boats and 317 deep sea fishing vessels. This
will still not be able to meet the requirements
of the 31,000 small mechanised boats and
360 trawlers that are expected to be in operat-

ion by the end of the 7th Plan period.

On the processing and marketing side,
apart from the lead given by the State Fisheries
Departements in the construction of cold
storages, ice plants, freezing plants, fish meal
plants and canning plants, the private sector
contributed a good deal in the construction of
these infrastructure facilities. According to the
survey conducted by the CMFRI in 1973-77
there are 264 freezing plants, 64 canning plants
131 ice making plants, 83 peeling sheds 31 fish
meal plants and 319 cold storages in the country.
The updated figures upto December 1980 are
given in Table 8.

DEVELOPMENTAL ACTIVITIES OF THE
STATE FISHERIES DEPARTMENTS

The State Fisheries Departments of all the
maritime $tates have been actively engasged in
various developmental activities to better the
lot of the fishermen. They have played a key
role in the mechanisation programmes by pro=-
viding subsidies and arranging bank loans for
the purchase of marine diesel engines, fishing
nets and craft {for fishermen through fishermen
co-operative societies. Housing schemes for
the fishermen are also managed by them, They
have also formed co-operative marketing
societies for markseting the catch of the fisher-
men in some places, They have established
boat huilding yards for consiruction of mecha-
nised fishing vessels, nylon net factories, and
fishermen training centres for training them in
operating the mechanised craft and gear and
in maintaining the equipment etc. and have
opened fishermen schools in many places. Qn
the basis of Fish Farmers Development Agencies
the Orissa State Departmst has formed

TABLE 6

Details of freezing plants, cenning planning plants ete. upto
1st December 1980 (Capacity in tonnes/day)

Freezing Canning Ice making Fish meal Cold storage
State Nos. Capacity Nos. Capacity -Nos. Capacity Nos. Capacity Nos. Capacity
Kerala 117 534 42 166.5 56 644 3 62.5 141 11548
Karnataka 28 113 9 38.0 15 212 5 160.0 31 2612
Tamil Nadu 46 180 3 4.5 36 335 6 62.0 60 5424
Andhra Pradessh 21 86 1 0.3 23 254 - - 25 2096
Pondicherry — — 1 3.0 - — — — 1 6.
Lakshadweep —_ _ | 3.0 —_ — — — - -
Maharashtra 41 288 3 55 6 218 6 96.0 46 7336
Gujarat 11 92 1 6.4 8 97 12 1940 23 3283
Goa 12 45 7 335 2 19 1 12,0 9 560
Oriss 14 52 1 1.0 5 43 - — 16 1150
West Bengal 31 96 - — 5 90 1 14.0 27 1929
Total 322 1486 66 249.7 166 1917 34 5896 379 35943
Source: Girija and Ravinath (1987)
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Brackishwater Fish Farmers Development
Agencies which have done a great deal to
stimulate interest in prawn culture in the Chilka
lake area. OQther States are planning to start
BFDAs on the Orissa model. The co-operative
movement among fishermen was sponsored
mainly by the State Fisheries Dspartments and
it is estimated by CMFRI that there were 2759
Fishermen Co-operatives in the coastal regions
of the county in 1973-77.  Out of these only
748 were running successfully.

ANCILLARY INDUSTRIES

As aresult of rapid mechanisation of the
fishing industry a number of ancillary industries
that supply the needs of the fishing community
have sprung up in the private sector. The 1977
estimates are given here (Indian Fisheries,
1977).

Boat building yards: There were 69 registersd
wooden boat building yards for constructing
mechanised boats, 16 shipyards for building
trawlers and 3 yards for FRP boats. Recently a
number ship building yards for building large
trawlers utilizing the know-how from foreign
boat building yards are functioning in the
country, The country has adequate material,
expertise and designs for constiuction of
wooden and steel vessels upto 30m.

Marine diesef engines: There wete 9 private
firms manufacturing marine diesel engit_\es in
the country, the popular brands being ‘Kirlos-

ker”’, *"Meadows'’, '‘Leyland’’ and ‘'Ruston’’.

Net factorjes: There were 4 net making plants
in the public sector and 4 small ones in the
private sector. 4firms also produce nylon
yarn for the fishing industry.

Others: Fishing floats, life saving equipment,
traw! winches, teduction gear, stern gear,
power take off clutches, auxillary engines,
redio telephones, refrigeration equipment etc.
are also manufactured in India.

MARINE FISHERIES EOUCATION
AND TRAINING

In 1945 the Government of India sponsored
the All India Fisheries Training Course at Madras
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for training district level officers in marine
fisheries. As part of the scheme for develop-
ment of deep sea fishing in the country an
ad hoc scheme for training of deck and engine
side officers was initiated in 1948, under which
the Deep Sea Fishing Station of the Government
of India took apprentices on board their fishing
vessels for providing training and sea time to
persans who could subsequently appsar for the
MMD examinations for skippers and mates of
fishing vessels. These marked the beginning
of organised programmes for sducation and
training in fisheries in India. With the introduc-
tion of mechanised fishing the need arose to
train the fishermen in the operation of these
boats. The fishermen Training Centré at Satpati
established in 1954 with FAQ assistance was
the forerunner of similar centres which were
soon established in all the maritime States.

It soon become ciear that if the marine
fisheries were to develop in India it is necessary
to train four levels of personnel:

1. Operatives for small mechanised fishe-
ries {Base level)

2. Parsonnel for manning ocean going
vessols and shorebased personne! for
handling, processing and marketing
fish as well as for maintenance of
vessel and fabrication of fishing gear
(under graduate level}):

3. Managerial personnel to plan and
execute deveiopmental programmes
(graduate and post-graduate level).

4. Scientific and technical personnel for
research in various areas of fisheries,
oxploration, development of new tech-
nologies etc. (post-graduate level),

1. Base level training: The Indo Norwegian
Project established at Neendakara in 1952 as
an ares development project did pioneering
work in this field. Subsequently the fishermen
training centres on the Satpati pattern have been
established in all maritime States by the State
Fisheries Departments, for training the artisanal
fishermen in the operation and maintenance of
mechanised boats. The courses have teaching
and practical components and extend over a
period of 6 to 10 months. There were 31 such
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training centres in the country in 1977 with a
total intake capacity of 900 candidates, The
requirements for this course is only basic
education upto 5th standard and 5 years fishing
experience. This course is meant for enter-
prising fishermen vyouth. The Krishi Vigyan
Kendra of the CMFR] established in 1977 has
been conducting short tetm training courses in
prawn/fish culture in brackishwaters.

2. Under-graduate lsvsl! training.

a. Personne/ for manning of ocean going
fishing vessels

All fishing vessels exceeding 25 tonnes
gross tonnage should be commanded by duly
certified deck ofticers and engineers as per the
provisions of the Indian Merchant Shipping Act.
Initially the programme for training 1hese
personnel through actual sea and engine room
service was implemented by taking them as
spprentices on board the vessels of the Deep-
Sea fishing Organisation, IFP and West Bengal
Government vessefs.  Regular institutional
training was organised only efter the establish-
ment of the CIFNET at Cochin in 1963. A unit
of CIFNET was started in Madras in 1968 and
a third unit et Visakhapatnam recently, Candi-
dates who wish to qualify as skippers ({fishing
vessels), Fishing Secondhands, Engineers
{fishing vessels) and Engine Drivers, undergo
institutional training for 15 months, followed
by the requisite qualifying seajworkshop service
before appearing for the Certificates of Com-
petency examinations conducted by the Ministry
of Transport and Shipping. The Institute also
offers refresher courses for Fishing Secondhands
and Engine Drivers appearing for higher
Certificates of Competency, It also conducts
refresher courses for Skippers in acoustic
methods used in modern fishing, fishing flest
management ond in diversified modern fishing
methods. Matriculates are eligible for these
courses. The syllabus for these courses is
being revised according to the new Merchant
Shipping Examination Rules, 1985,

With the introduction of more large trawlers
for deep sea fishing the need for certificated
hands is bound to increase and the required
manpower needs will have to be assessed and
provisions made for training them expaditiously.

BULLETIN 44

Strategies have already been drawn up to meet
these new demands (Swaminath, 1987).

b. Technicians for shore- based work:

The CIFNET offers courses for training
{1) Bosat Building Foreman {2) Shore Mechanics
(3) Fishing Gear Technicians and (4) Fishing
Vessel Electronic Technicians. The IFP conducts
courses for refrigeration technicians, fish pro-
cessing technicians, purse-seine operators,
fishing boat designers and servicing of electronic
sguipment and engines.

The Central Food Technological Research
Institute, Mysore offers a short term course in
refrigeration techniques involved in food preser-
vation, including fish and meat,

The College of Fisheries, Mangalore con-
ducts a 3-month course for fish processing
technicians already employed in processing
establishments. '

3. Managerial Jevel trsining: The College of
Fisheries, Mangalore attached to the University
of Agricultural Sciences, Bangalore is the first
professional fisheries college in the country,
established in 1969, it has a regular 4 year
degree course in Fishery Science leading to
the B.F.S¢. degree. Subsequently four more
Agricultural  Universites have  established
Fisheries Colleges offering B.F.Sc. degrees in
Fishery Science - Tamil Nadu in 1877, Kerals
in 1979 and both Mahatashtra and Orissa in
1981.

The Central Institute of Fisheries Education,
Bombay, establised in 1961 offers a 2 year
post- graduate diploma coursse in Fishery Science
mainly to district level officers deputed by the
Stats Fisheries Departments. Piivate candidates
are also admitted and the diploma is treated as
equivalent to an M.Sc. degree for all practical
purposes. From 1986 the Institute has started
offering a Masters degree progremme in Fisheries
Management,

The Central Fisheries Extension Training
Centre of the CIFE which has recently been
shifted from Hyderabad to Kakinada conducts
a 10 month course in extension technigques
related to fish culture for in-service personnel.
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The State Fisheries Staff Training centres
in the maritime States conduct 1-12 months
training for their in-service junior level personnel
like Inspectors and Research Assistants.

The Trainers’ Training Centre of the CMFRI
has been conducting short term training courses
in prawn farming, hatchery production of prawn
sead, oyster culture, seaweed culture, SCUBA
diving and assessment of marine fish stocks to
officers of the State Fisheries Departments
since 1985,

4. Training of scientific and technical personnel:

The Fisheries College, Mangalore has M. F. Se.
programmes in Industrial Fishery Technology
and in Fish Production and Management. It also
offers Ph.D. programmes in Fishery Biology,
Aquaculture, Fishery Qceanography, Aquatic
Biology and Fish Processing Technology.

The CMFRI is conducting post-graduate
and doctoral programmes in Mariculture for
which the Cochin University of Science and
Technology is awarding M.Sc. and Ph.D. degrees,
This programme was started in 1979 with
UNDP,FAQ assistance as a Centre of Advanced
Study in Mariculture at the CMFRI.  After 1986
the project has become an integral part of the
Institute as the Post-Graduate Programme in
Mariculture.

The Fisheries College, Tuticorin .has also
started a M.F. Sc. course in Fisheries Science.
The College of Fisheries, Panangad attached to
the Kerala Agricultural University is also offering
a M F Sc.course in Fisheries since 1886. The
Cochin University of Science and Technology
is offering M.Sc. degree course in Industrial
Fisheries since 1976. The Kerala University
offars a 2 year M.Sc. course in Aquatic Biology
and Fisheriss, while a two year M.Sc. course
in Marine Biology is offered by Karnataka,
Annamalai, Andhra and Cochin Universities,

SOCIO-ECONOMIC CONSEQUENCES OF
PROGRESS ACHIEVED IN MARINE
FISHERIES

The various developmental methods that
have been adopted during the past 4 decades
for developing the marine fisheries sector have
no deubt improved the socio-economic status

24

‘been frequent,

of the marine fishermen. However, it .is the
segment of their population that has opted for
mechanisation that has benefited much from
these developments. The fishermen who have
stuck to indigenous methods of fishing have
also profited to some extent from the introduct-
ion of synthetic materials for net making, which
has made their gears more efficient. But
compared to the fishermen in the mechanised
sector, the traditional fishermen are definitely
poorer, Whether this is due to the adverse
effect of mechanisation or due to the lesser
efficiency of the traditional gear has to be
looked into. The very fact that the mechanised
sector {19,000 boats) has accounted for 619
of the total marine ¢atch in India in 1981 cleerly
shows that the traditional sector (1,40.800
boats) which encompasses the majority of the
fishermen is experiencing a set back

An analysis of the problem carried out by the
CMFRI shows that there are three types of inter.
action between the mechanised and the tradi-
tional sector:(1)The mechanised sector competes
with the traditional sector lsading to clashes
between them as in the case of the purse
seiners and rampani operators in Karnataka.
Jacob &t a/. (1979) have shown that the rampani
operators were adversely affected by the intro-
duction of purse seiners from the point of view
of income and employment. The Karnataka
Government took prompt action to encourage
rampani operators to purchase purse-seiners by
offering subsidiss and loans and consequently
the intensity of the problem is reduced. In other
places where the small mechanised trawlers were
fishing for prawns close to the shore where the
traditional fishermen normally fish, clashes have
The State Fisheries Departments
have intervened and demarcated the deeper
areas for mechanised fishing and reserved the
inshore areas for the traditional sector.

{2) The second type of interaction is comple.
mentary.  Panikker and Alageraja (1981) and
Sathiadas and Venkataraman (1981) who studied
the socio-economic condition of fishermen in
Puthiappa.Puthiangadi area and Sakthikulangara
respectively found that mechanisation has
benefited the entire fishermen population of the
village. However the poorer section of the
fishermen are left behind,
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(3) Lastly the traditional fishermen themselves
go in for motorisation of their indigenous craft.
This has happened in Gujarat and Maharashtra
on a large scale and is now catching up in Kerala
also when they suddenly discovered that out-
board motors could be easily fitted to their dug
out canoes. This has increased thsir range
of operation, reduced physical strain and incré-
ased the guality and quantity of their catches
{Gopakumar et al., 1986).

Apart from these social problems, mechani-
sation can also affect the fish populations in
some regions. The mass destruction of tonnes
of cat fish carrying incubating eggs in the mouth
by the purse-seiners on the Karnataka coast is
avery dangerous practice indeed and could affect
the recruitment of cat fish very adversely (Silas
et af., 1980). Itis also a well-known fact that
wherever there is a dense concentration of mecha-
nised bosts all aperating for prawns, the prawn
catch rate has drastically come down. Although
this is attributed to economic over-fishing
it could easily lead to biological over-fishing
unless the fishing pressure is reduced in time.

GENERAL REMARKS

It is evident from this review that lndia has
made creditable progress in the marine fisheries
sector in the past four decades. In spite of it
the per capita availability of marine fish in the
country is said to be only 4567 kg (Silas at, a/.,
1986). The gap between the supply of and
demand for marine fish in the domestic market
in 1985 was about 0.79 million tonnes (Silas
at. al., 19886).

The avaerage growthrate of marine fish
production has been about 3.5%,. Unless the
growth rate is increased considerably, the supply
will eontinue to bs far short of the demand. So
there is an urgent need to accelerate the pace
of fish production in the country. But this
has to be done in a pragmatic manner,

A critical and calm appraisal of the marine
tishery scenario outlined above brings to light
some significant strengths and weaknesses in our
approach to the problems.

There is no gainsaying the fect that the
majority of our fishermen are still following
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indigenous methods of fishing and by and large
are still financially backward, This traditional
fisheries sector cannot be neglected for two
reasons, one is the social obligation to uplift
the traditional fishermen, Secondly, in view of
the rising cost of fuel we cannot afford to
forget our traditional skills in fishing which
depend more on muscle power and wind power.
The efiiciency of the traditional crafts and
gear should be improved by dirscting research
efforts in this direction also.

It is also fairly clear that the small mecha-
nised boats should be made more fuel afficient
by improving their design by scientific research
and by introducing modern technological
improvements like Kort nozzle tor the propeliers,
etc. Since a good amount of power (409,) is
consumed by the dragged gear like trawls,
there is vast scope for improving the design
of the otter boards and nets to reuuce the drag
and improve the efficiency. Bull trawling is
also considered to be more fuel efficient as no
energy is spent for keeping the trawl net open.
All the trials conducted with bull trawlaers of
various sizes have invariably proved that the
catch rate of a pair of bull trawlers is vastly
greater than the combined catch rate of the
two tawlers if they had operated along, This
is also the lesson that the foreign poaching
vessels (mainly Taiwanese) in our waters are
trying to teach us. They are mostly bull
trawlers.

Exploratory surveys conducted by the IFP
along the south-west coast have brought to
light the existence of rich ~Kalava'’ grounds in
70-100m depth between 8°N and 13°N latitudes.
These are rocky out crops abounding in large
sized (average 1.75 kg) perches which have a
ready domestic market and which also do not
spoil easily. Nature has provided us with
natural FADs in these rocky outcrops within
easy reach of our shores. [t is upto us to
exploit them.

As far as demersal fishery resources are
concerned the expioratory survey vessels of
the FSl and IFP, the foreign chartered trawlers
and poaching vessels have clearly shown us
that the commercially exploitable demersal
resources of horse mackerel, perches, threadfin-
breams, bull's eye, cephalopods, shrimps,
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barracuda, lizard fish and ribbon fish are con-
fined to the continental shelf region mainly
upto a depth of 100 m. There are also someé
sesources upto the 200m line but the distance
between the 100 m line and the 200 m line is
s$o narrow in most of the regions that the 100-
200 m zone forms a very minor percentage of
the area of our EEZ. For all practical purposas
we should realize that our “'deep sea’” as far
as the demersal resources are concerned is
confined within the 100 m line and this is an
area which is well within the range of operation
and fishing capacity of the medium trawlers
17 min OAL. The cost of these trawlers (Rs.
35 Jakhs) is only 1;3 the cost of the 23 m
trawlers (Rs. one crore) which are now proposed
to be introduced on a farge scale. The 17 m
vessels can also be used to exploit the “'Kala-
va' grounds. With these vessels we can greatly
and definitely improve the marine fish pro-
duction. And they will be bringing in fish
which are already familiar to our domesstic
consumers. Howsver, since the operational
range of these vessels is limited we may have
to develop berthing and bunkering facilities for
them in the minor fishing ports that are being
constructed.

The so-called continental slops (200-500m)

is @ very steep and narrow Zzone where trawling .

is difficult and possible only ina few places
like the 'Quilon Bank’’ where the slope is less
steep and more wide. The demersal fishes
available on this slope are also small in size and
may not be easy to market. For the present
we need not devote much time and financial
resources in catching these presently unecono-
mical fishery resources,

Regardiny pelagic resources tha surveys
have clearly shown that vast undsr exploited
rasources of white baits are available evan
within the 52 m lin2 on tha south wast and s2uth
east coasts, Betwaen 50 and 200 m the existence
of vast resources of harse mackersl, szads and
ribbon fishes have bsen discovered. But thess
resources should be caught by pelagic/midwater
trawl nets operated from paired vessels or single
vessels and expertise in this field is still limited
in our country. But these technigues have been
used by the IFP, PFP and the FS! and it should
not be difficuit to popularise them. . But more
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. and not the private companies,

rosearch work is needed in this field to stand-
ardize the size and type of vessels and the gear.

The “"Desp Sea” and the larger vessels
become important only when we think of the
oceanic tuna and squid resources for which
there is a ready export market, The long-liners
of the CIFNET and FSI have clearly proved the
existence of very rich tuna grounds (probably
the richest in the world) relatively close to
the shore (100-150 nautical miles) between
Mangalore and Goa. The existence of large
oceanic squids in the deeper areas of the EEZ
has been proved by these surveys. The tuna
long- liners which are large vessels are needed
to exploit these resources, The long-liners can
also be squipped for squid jigging for catching
the oceanic squids during night. This is the
area in which we should really think of joint
ventures with foreign countries. In this con-
nection it is necessary to develop Goa and
Mangalore into major fishing harbours which
could handle these large vessels.

We should accept the fact that our charter-
ing scheme has been a failure. It has not
fulfilled the purposes for which it was started.
It has not given us one bit more information
about the location and magnitude of the fishery
resources than what we already know sabout
them through our own survey programmes. The
confiscated poaching vessels have given us
more information. This is because the chartered
vessels have not provided correct information
about the location and composition of the catch
to the concerned authorities, Nor have they
helped in training our men in modern fishing
methods. The technology transfer through
chartering is practically nil and it has not lead
to the establishment of Indian deep sea fishing
ventures. If at all wa have to go in for charter-
ing th? Goavarnmant should charter the vesssls
This has been
the prastice in other countries, The chartering
of M.T. MURAENA by the Goernment of India
has given a lot of reliable information on our
fishery resources,

When we restrict Joint Ventures with
foreign countries to the exploitation of oceanic
tuna and squid resources, the much discussed
problem of protecting our shrimp resources
from the operations of these large foreign
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vessels can also be solved. Regarding our
prawn resources it is now abundantly clear that
the inshore prawn resources upto the 50 m depth
are being exploited at the maximum level and
any further increase in catch is not possible
even if the fishing effort is increased. 1t is also
evident that the productive offshore prawn
resources upto the 100 m line are restricted to
the north east region and are at present
being exploited by more than 100 large trawlers
{(23m}. :

Our studies clearly show that these resour-
ces also cannot withstand increased fishing
pressure. So, for increasing prawn production
in the country we have necessarily to resort to
prawn culture in a big way. The efferts that
are already afoot in this direction should be
strengthenad.

It is apparent that except for tapping the
oceanic tunas and squids we may not need to
go in for joint ventures. The other resources
can be tapped by the 17 mvessels and the
existirg types of smaller vessels with suitable
improvements and modifications and develop-
ment of required infrastructure to facilitate the
smooth functioning of these vessels.

We have been too much pre-occupied with
the export market which consumes onlv about
10%, of the marine fish production. The good
work that has been done by the MPEDA and the
EIC have brought our export earnings to Rs,
400 crores per year, It is planned to increase
the earnings to Rs. 700 crores by the end of the
seventh five year plan. We should realise the
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limitations of the resource potential as far as
the shrimps are concerned. There is an urgent
need to diversify the export basket. There are
already good signs of the exports of frozen fish,
frozen cuttle fish and squids and dried fish
picking up. These items are backed up by good
resource potéential and should be promoted.

But unless the domestic market for fish is
stimulated the marine fishing industry cannot
prosper. This is an areéa which needs immediate
attention. Unless the fish caught are marketed
efficiently the fishermen will not get proper
returns on their catches and will not have the
incentive to catch more fish, Facilities in the
form of cold storages etc. to build up a buffer
stock during glut periods will help stabilize the
fish prices. Market surveys to assess the demand
for the various types of fish oproducts, develop-
ment of diversified fish products packed in
attractive consumer packs to suit the market’
demand, consumer education to :popularise the
new types of products, aggressive sales promot-
ion drives, establishment of cold chains,
provision of quick transport facilities and const-
ruction of hygienic fish markets should be
undertaken urgently. The CIFT and IFP have
already developed a number of diversified fishery
products which should be taken up for marketing
by the State Fish Marketing Federations/
Corporations,

Lastly manpowser planning and training of
personnel for all the developmental activities
shouid be given due importance to provide for
the smooth functioning of the schemes envisaged
to increase fish production in the country.
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Paper

PLANNING FOR FISHERY DEVELOPMENT - SEARCH
FOR APPROPRIATE POLICY INSTRUMENTS

A. G. Jhingran and S, Paul
Central Infand Capture Fisheries Research Institute, Barrackpore-743 101

ABSTRACT

The Indtan fisheries econcmy for the 1ast several vears has been characterised by sluggish growth
rates in production (3,6%), inadequate marketing infrastructure, demand and supply imbafances, inter-
aectoral conflicts inslgnificent contribution of despses fishing {125}, Lack of diversitication in export
trade and apathetic entrepreneurship in oifshore fishing. Further, geing from extension of Exclugive
Economic Zone (EEZ) are likely to elude us for want of well-Identified technologlcal options along with

production incentives for the exploitation of living resources of EEZ,
Unlike marine fisheries, inland fisheries have registered s higher growth rate of production, Daspite

impetfactions of marketing system,

land-basad culture fisheries have been favoursbly placed, Fish

Farmars Development Agencies (FFDAS) have brought 1,50.000 hs under scientific fish farming. Reservoirs

(3 million ha) afford opportunities for
domestic availabilities.

enhencing

inland fish production for sugmentation of

Tha prassnt papsr purports 1o examine some of these aress so as 0 have a sound bas's for the
tesk of policy formulation for both marine and inlend fisheriss.

Of late, there has been a growing realisation
. that aquatic resources can contribute substan-
tially to supplies of domestic food. Fish and
tishery products being in the category of
protective food, offer immense scope and
potential for improving the nutritional status of
mal-nourished millions whao are, often afflicted
with ailments due to protein and vitamin
deficiencies. Lowsr per capita availabitity and
high prices of fish do indicate demand and
supply imbalances in the fishery economy.
Without undermining the significance of
resesrch and development efforts during Plan
periods, the Indian fishery scene has been
marked by sluggish growth rate in production
(3.5%). pronounced upsurge in fish prices,
chronic shortages, distributional faifures, lack
of infrastructural tacilities; predominance of
traditional craits, mainly due to higher capital
requirements of mechanisation; and negligible
contribution of deep sea fishing.

OVERVIEW OF INDIAN FISHERY ECONOMY

The Indian fisheries sector provides
employment to 1.75 million skilled and unskilled
persons in different activities. The total fish
production as per available estimates is 2.8
million tonnes, of which one million tonne is
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- tonnes.

contributed by inland sector. The fisheries
sactor contributed about 2% to the Gress
Domestic Product in 1982-83 and export
earnings of marine products amounted to Rs.
481 crores in 1986-87.

The marine fisheries comprises three distinct
subsectors 1 (i) traditional sector involving
inghore water fishing with non-mechanised
ctafts and gears which operate upto 16km from
the coast, {ii) modern sector consisting of small
mechanised boats and (iii) uitramodern sector
consisting of large vessels designed to operate
in high sea, beyond the areas of the first two
sub-sectors,

The traditional sector accounts for 679, of
the current marine production of 1.8 million
The other two sectors contribute 329,
and 19, raspectively. This sectoral division is
more academic than real. Often, there have
been inter-sectoral conflicts, having Socio-
economic ramifications. The emphasis in the
recent past has been an the davelopment
possibilities of Exclusive Economic Zone {EEZ)
but the primary producers of fish in
traditional sector have not received adequate
attention.
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In inland fisharies, there exist vast oppor-
tunities for augmentation of domestic availability
of fish. Fish production from inland waters is
a significant activily as it is widely dispersad
throughout the country. In the context of
inland fisheries it was observed in the Sixth
Pian that in spite of vast resources of culturable
waters available in the form of ponds, lakes,
jeels, swamps. estuaries and reservoirs, and
availability of improved technology for intensive
fish culture, levels of production and producti-
vity had not been adequate. Therefore, the
Plan laid emphasis on research efforts to
maximise production and follow it up with
promotional programmes in the field to reduce
the gap between the potential and the actual
yield. While the marine sector has largely
sustained Indian export trade, the inland
tisheries has contributed sizeably to domestic
fish supply. The present annual produclion
is about one million tonnes forming about 40Y,
of the total fish production but accounts for
50¢%, of the internal fish utilisation. Compared
with the marine sector, the growth rate of
inland tisheries has been more encouraging but
still there exists a great scope for increasing
inland fish production.  Demand projections
made by various expert bodies envisage that
509, of the demand of the total 12.5 million
tonnes by 2000 A. D is likely to be met by
intand fish,

DATA BASE OF POLICY PLANNING

The planning has long been recognised as
a potent insttument of socio-economic trans-
formation in recent ecomomic history of the
world. A pre-requisite for sound planning is
thorough survey of the existing resources and
the extent of their exploitation so as to have a
base for future projections. Unfortunately, the
fishery sector in general and Infand fisheries
in particular suffered largely dus to almost non-
existent data hase for control and policy planning
in respect of statistics pertaining to production,
marketing intelligence and utilisation though
foreign trade statistice have been in a better
shape.

Data base for marine fisheries in general and
of marketing and consumption segments in
particular are very poor. There is a nsad for
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developing sound data acquisition systems with
cooperation from different sectors like small
scale fisheries, mechanised sector and distant
water fishing systems (1iM, 1983). Data base
for inland fisheries suffers from the following
limitations:

i) Data on many aspects, particularlty on .
marketing and sconomic aspects, are not
collected in a systematised manner.

ii) Data often reflect incompiete coverage.

iit) Data are sometimes unusable because
these are in aggregated form.

iv} Market data on arrivals and prices are
almost non-existent.

~ There is a need to strengthen, streamline
and improve data base but our success in this
direction is largely circumscribed owing to our
ignorance as to how much resources in terms
of finance and manpower we can commit to the
task of data collection (Paul, 1987)

OVERVIEW OF FISHERY DEVELOPMENT

Despite massive development effort fishery
economy had a sea-sawed journey during Plan
periods. Though India’s share in export trade
increased progressively over the years, domestic
fish markets continued to starve. Further, ever-
firming fish prices regulted in reduced availabi-
lity., Whereas exporters earned huge profits
artisanal fishermen received unremunerative
prices for their produce for the varieties that
had no export market, According to findings
of Indian Instt. of Management, Ahmedabad, the
fisherman's share in consumer price was maxi-
mum (91.59%,) in direct sales to the consumer
and lowest (21.9%) in sales involving multi-
distributional channels, Likewise, in inland
capture fisheries the producer’s price was only
359, of the consumer's price., However, the
produce of pond-reared fish in eastern India was
better placed (71-919,). Nursery rearing tech-
niques along with a number of hatcheries were
significant developments in the inland sector.
Further, the .role of F.F.D.A. as catalyst of
technological transformation in culture fisheries
was well recognised. In marine sector, the
Government of India and research organisstions
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were fully seized of the problems relating to
exploitation of living resources of the Indian
Exclusive Economic Zone, Artisanal fishing is
one of the high risk areas of economic activity
and the entire traditional sector particularly
engaged in inland capture fisheries, continues
to be in a state of strife and turmoil.  Research
studies in Central Inland Fisheries Research
Instt. as also in indian Institute of Management,
Ahmedabad, have revealed that vast majority
of fishermen continued to be below the poverty
line. There is a popularly held belief ths;
capture fisheries in rivers, reservoirs, estuaries

and oxbow lakes cannot contribute substantially
to future increase in fish production thereby

making a case for propagation of aquaculture.
Natural fisheries, despite environmental degra-
dation encountered in recent years, are still
yielding 889, of the inland fish Most of the
thinking at policy and research level with regard
to riverine and reservoir fisheries centered round
the view that capture fisheries were beyond
redemption. Diversification in export trade and
research in end-uses of fish varieties having no
domestic or overseas market rarely occupied the
attention.

AREAS WARRANTING POLICY INTERVENTION

An attempt is made in the succeeding paras
to identify certain areas deserving close attent-
ion in order to accelerate the pace of fishery
development in India.

MARINE SECTOR

The major share of our fish production is
contributed by a narrow belt along the coast,
36-40 fathoms deep. Divaersification in this
sector has shown marked improvement in
quantity and quality of products.

With the declaration of 200 miles Exclusive
Economic Zone, immonse possibilities for
exploitation of living resources do exist but our
success will depend on rational utilization of
respowrces along  with appropriate techno-
economic adjustments,

The labour-surplus countries like ours may
improve employnant prospscts but  capital
intensive nature of investmsnt besets the task
with serious limitation, The absence of sizeable
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and appropriate fishing flest, adequate manpowser
and infrastructural facilities often reduce financiat
viability of operations. Research needs to be
speeded up with regard to availability of com-
mercially exploitable varieties and their end uses
both in respect of domestic and overseas
markets.  For realistic investment appraisel,
elaborate feasibility studies should be undertaken
clearly outlining the technological inputs and
post-harvest technology for the final disposs!
of the produce. Besides information inputs,
financial assistance in the form of subsidies
and soft loans is a condition precedent for
giving initia! big push ta investment area unex-
plored so far. Research carried out so far
reveals that potential yield beyond inshore water
comprises low priced species like catfish. ribbon
fish and ‘dhoma’. The possibility of higher
offtake in domestic market shall depend on
incoms level, expenditure elasticities, consumer
preferences and prices of close substitutes, n
order to create favourable investment climate,
existing policy relating to finance from S5.F.D.C.
and other regulations should be the subject
matter of constant review, The investment in
this sector may be largely induced by public
sector allocations to infrastructure comprising
landing and berthing and outfitting end repair
facilities for handling, processing, storage and
marketing network. (Jhingran & Paul 1987)

INLAND SECTOR

Riverine Fisheries

The various river systems in the country
have an estimated linear length of of 45,000 km
comprising 113 rivers and their tributaries, B0Y,

_being contributed by 14 major rivers (Jhingran,

19886). The average catch ranged from 0.843t
to 1,606 t/km with an average of 1 ton'km
{N.C.A. 1976). According to another study on
the Ganga river, fisherman income is very low
ranging from Rs. 1,000 (Hoshangabad, M. P.)
to Rs. 5,316 in Mathura (U.P.). The riverine
capture fisheries have been aen area of low
productivity and consequent low income due to
seasonality of catch and unstable catch com-
position, The limited dent that research has
made on the situation is not due to apathy or
caprice of the scientist or policy makers but
due to inherent limitations emerging out of
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common property nature of riverine fisheries
{(Paul, 1983). Gulland (1971) has aptly
remarked, It is fallacy to think that scientists
given time and perhaps money could produce
complete answer 10 management problem e.g,
specify the precise value of the maximum
sustainable yield from a particular stock of fish
and also the exact levels of fishing and popula-
tion abundance required to produce it"* Instead
of delaying management decision for want of
absolutely correct information it is better to
take decision on the basis of sufficiently comect
advice for the immediate purpose,

Financing of indian fisheriss

Uniike marine sector, inland fisheries are
labour intensive but stlil investment needs arise
for purchase of boats and nets. However,
capital requirements in case of intensive fish
culture are higher A sector’s ability to attract
loanable funds depends largely on evaluation of
risk element by funding agency. Compared to
culture fisheries which are site-specific, capture
fishery operations have soms ambulation about
them. The migratory cheracter of capture
fisheries based on availability of stock and
marketing consideration, does affect investment
appraisal and assessment of credit needs (Paul,
1986). The vessel as a chattel mortgage is
acceptable only if it is insured. The high degres
of control puts aguaenterprizes on sound foot-
ing regarding anticipated output and repayment
capacity ss compared to capture fisheries,
Cepture fisheries are surrounded by innumsrable
and uncontrollable variables. This calls for
innovative research in matter of efficient craft
and gears along with insurance coverage.
Further, traditional lending criteria need to be
suitably modified keeping in view the leval of
assats of fishermen as a class.

Management strategy

Conventional prescriptions for regulations
of fisheries comprises limited access, leasing
and auctioning, closure of seasons and
areas, licensing of gears, gear restrictions,
aquacuitural practices for enrichment of natural
streams or rivers and security measures. The
past expearience shows that it is uncommon for
Government to apply limited access concepts
to communities utilizing riverine inlaad fisharies.
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The main exceptions are leasing and auctioning
of sections of rivers 10 local cooparatives as in
South India. As a Government enforced
mechanism, licensing of gear (especisliy boats
and | or nets) has proved to be a reascnable
mechanism only in inland fisheries which are
relatively accessible (small lakes a. g. Lake
Kyle in Zimbabwe; Anon, 1985}. Their effacti-
veness can be increased further if loanable
funds or subsidies can be restricted to licensess

IF production and living standards of fishing
communities are to rise without affecting
adversely fish stock, management strategies
should be well designed, implemented and
periodically evaluated. Their effectiveness
should be the subject matter of constant review
by multi-disciplinary team of experts who
should take cognizance of relevant data on
commercial fishing, fluctuations in production,

productivity, environmental and meteorological

factors. '

Fisheries cooperatives

~ The ills of cooperativas in lisheries are too.
well known to need elaborate mention. Cooper-
atives and state leveal corporations shauld enter
into marketing of fish so that the influence of
middleman is reduced to minimimn if nst elimi.
nated altogethar. Tha totai m3nbership of
tishery cooparativas in tha country is 7.77 lakh
constituiing abaut 19, of tha tishermen popu-
lation.  Daspite historicity of cooperativa
movemsant marketing continues to be the
waeakest link (Natarajan and Paul, 1981).  The
role of inland fishermen’s coopsratives has
been of less consequence whan compared to
marine fisheries. There is a naed to create
economically viable, technically sound and
professionally managed fishary coopoerative
structure which should be able to lend stout
support to fishermen. Creation of sound fishery
cooperative network would opan channels for
financial assistance from National Cooaparative
Development Corporation and cooperative
banking structure which should {3ad to creation
of infrastructure assuring flow of effective
sorvices to the members. Once cooperatives
and corporations attain commanding haights
in fish marketing fishermen can certainly hops
for a better tomorrow.
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Fisharies legisiation

The Indian Fishery Act, 1897 arms the
states to frame rules for regulation of fisheries,
By and large, this Act has been devoid of teeth
at implementation level. It is too anachronistic
to serve the objectives of present day fishery
development, There is a need to have fresh
thoughts with regard to its provisions. In
riverine fisheries rules relating to mesh size and
gear restrictions  should be strictly implemented.
Much of the damage to rivers, streams end
reservoirs has been caused by discharge of
untreated domestic sewage and industrial
offluents, Therefore, there is aneed for better
coordination between fishery regulations and
antipollution measures The element of deter-
rence is sadly lacking in existing laws. Any
conceivable piece ol legislation should have
twin objectives of conservation and development.

To sum up, the pace of fishery development
can be accelerated by an idsal blend of regulat-
ory measures and production incentives such as
selective subsidies, soft loans for private sector,
appropriate postharvest technology and remu-
nerative returns to producers. Major thrust
areas should include devslopment of Exclusive
Economic Zone, evolution of sound hatchery
management practices in inland aquaculture
and sfficient marketing mechanism.

Any conceivable scheme of fishery deve-
lopment should have a strong bias in favour
of small scale fishermen who have been
denied the fair deal so far due to excessive
raliance placed on the development of indus-
trial fisheries in policy planning. Even, the
current boom in export trade of marine products
is sustained by the contribution of traditional
sector. The possibilities of fishery develop-
ment become bright only when ws invest our
presant policies with much needed pragmatism.
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Paper 4

MONITORING INDUSTRIAL EFFLUENTS DISCHARGE
ALONG GUJARAT COAST BY BIO-ASSAY TEST
AND PHYSICO CHEMICAL PARAMETERS

Y. B. Raval, V. R. Khadse, D. J. Vadher, M. Bhaskaran and N. D. Chhaya
Gujarat Fisheries Aquatic Sciences Research Institute, Okha,

ABSTRACT

GFASR! in consultation with Gujsrat Pollution Control Board and on its own undertook studies
on chemical paramstars of sffivents of a8 few factories in the Saurashtra region and their sflects on

fish through bio-assay tests.
in the case of M/s Teta Chesmicals,

LC-50 value ranges 0.4 to 5% conc vol; temperaturse

86.0 to 91.0°F; Ammonia 21.84 10 48 98 ppm and total solide from 184 1o 234 gflitre.

inthe case of M/s Saurashtra Chamicals, Porbandar, LC-50 value varied 2-100%.

In the case

of M/s Indisn Rayon, Versval, pH was between 2 to 10.5 and LC 50 value was from 207% 0 1007

conc/vel.
and LC-560 value was 0.51to 7.

For Bitleshwar Suger Factory, Kodinsgs pH was between 4.0 - 5.5, BOD was 450 to 1800 ppm

Results of investigations in genaral, factory-wise comments and impact of these studies in
maonitoring the eftiuents on the Gujerat coastling are discussed.

INTRODUCTION

Gujarat hes five major rivers of 1,000 km
stretch, 6,14,000 hactare area of ponds, lakes,
reseviors & swamps available for fish culture,
and 1,92,000 sq. km area of continental shelf for
marine fisheries resources,

With 472 fishing villages, 1,65,000 fisher-
men population 6,000 non machanised boats.
5,000 mechanised boats, 3.3 lakhs tonnes annual
fish production and export of fish/fish products
worth Rs. 26 crores; the fisheries in Gujarat is
not a small sector.

But Gujarat's major thrust has been on the
industrial side, specielly on chemical based
industries. Increasing number of industries on
coasta! belt as well as on river banks has started
creating problems of pollution in aquatic systems
by releasing efflusnts. These have ultimate
offects on fisheries resource too.

The Gujarat Pollution Control Board is
cancerned with protection of environment in
the state. In consultation with them GFASRI
initiated a small programme of studying effluents
roleased by certain industries.

GFASRI has been
INFORTERRA International

registered in the
Directory and has
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been recognised as an environmanta! laboratory
by the Department of environment, Government
of India. Thus the institute is previlaged to
teke samples for analysis directly from factories
on charge ievied basis and it also examines
sample from aquatic environment for study pur-
poses and the obtained information are passed
on to the concerned,

The present communication deals with the
results of observations made on effluents from
various factories in Saurashtra,

MATERIALS AND METHODS

Bio-assay tests and other parameters like
pH, total solids, dissolved oxygen, suspended
solids, carbon dioxides chemical oxygen demand
dissolved solids, bio chemical oxygen demand,
ammonia, salinity, acidity, etc. were carried out
as per methods recommended by pH standard
methods for waste water examination as well as
methods by Indian Standard Institute through
different publications,

M/s TATA CHEMICALS, MITHAPUR

This factory releases two types of affluents
at the mouth of Gulf of Kutch, Nature of the
effluents are as in Table 1.
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TABLE 1
A-Ammonia stell

Nature of effluents of Tata Chemicals

B-Thermal power

Cuantity 17740 M3/day 1360 M3/day
Temperaturs- 86° C to 91°C 22°Cto39°C

pH. 10 10 11 8109

Ammonia 21.84 10 48.98 ppm 0.64 to 43.8 ppm

L. C. 50. valus 0.4 to 5%, Conc{Volume 11 to 209, Concfvol
Total solids 184 to 234 ¢yl 84 to 406 g/I
Dissolved Solids 171 to 210 g/l 46 to 122/!

Salinity 194 to 203 ppt 45 to 50 ppt
Suspended Solids 13.2 10 29.6 g/ 38 to 24.0 g/l

The above velues are not in sgreement with
the IS! standards.

The factory excavated 9 ponds, each of 1 to
2 hectares. These ponds were used in series of
three for settling suspended solids in the efflu-
ems. The ponds came into use from June.'85.
Thereafter temperature of the effluents from
Ammonia stell plant came down to 26° to 29°C,
and Amonia to NIL. The lethal -50 value improved
at § to 17%, Conc/Vol and there was some imp-
rovement in suspended and tota! solids too.
However, there was no appreciable improvement
in the effluent and as all the ponds got filled in
‘within one year with solids this could notbe a
parmanent sotution Thereafter in order to decide
a safe dilution point at releasing end, experiments
on bio-assay tests were conducted. Both effiu-
ents were allowed to run togather for 100 m
and then sample was collected. This sample was
diluted to 20 to 25 and 30X and each dilution
was studied separately to find out the lethal
concertration valus and the same is given

below.

Dilution LC-60 Value
Maximuom Minimum.

20X 97 80

26 X 100 91.5
100 a9

30 X

From the logarithmic plottings it was decided
that 32X dilution was non toxic to fish and was
safe for releasing to the Gulf of Kutch.

2. SAURASHTRA CHEMICALS : PORBANDAR

This factory produces soda ash, caustic soda
and soda bicarbe. Raw materials used are salt,
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iime stone, liquid ammonia, cock, coal, sulpher.
It releases the sludge of Ca Co,. Mg (OH)2,
NaCl, and Na; So, in liguid form at the rate of
8,400 Kilo litres per day.

The temp. of the effluent ranged from 31°C
to 40°C, PH 7.6 to 9.7, ammonia 6.44 to 6.77
ppm., total suiphate as (Na, SO,) 20 ppm. total
chloride as NaCl 90 ppm.

Lethal concentration on fish Aphinus dispar
was below 209, ConcfVol. Between April-‘84
and June-'84. It showed appriciable improve-
ment by remaining between 329 to 609 Conc/
Vol. upto April-'85; thereafter thare was further
improvement and it ranged between 60 to 1009,
(non toxic) Physicochemical parameters were
always in approximation to 15! stds. The moniter-
ing was suspended from February ‘86. The
improvement on the eftluent was largely thiough
additional dilution.

3. BILLESHWAR SUGAR FACTORY, KODINAR

This factary uses melasses, lime, sulpher and
sugarcane as raw material and produces rectified
spirit and crystal white sugar. The waste is
being released to the sea at the rate of 850 Kl
day near Mul-Dwarka fishing village,

The effluent had pH betwesn 4 and 5.5,
Dissolved Oxygen NIL total solids 13.6 to
44 g/l chemical oxygen demand 14,000 and
42,000 mg, | biochemical oxygen demand between
450 and 1,600 ppm activity 1,200 mg/l and
1.C-50 value ranged between 0.5and 7. None
of these parameters match with IS! standard.

There has been complaints from fishermen
of Muldwarka for this effluent and further
monitoring/improvement is necessary for this
effiuent, .
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4. - INDIAN RAYON. VERAVAL

Using wood pulp, Caustic, Sulphuric Acid
and Carbon disulphide this factory produces
Rayon Fibre, zin¢ and vanadium pentoxide are
used as catasysts. Factory releases effluent to
the tune of 3,600 to 3.700 M?/day through open
channel in Jaleshwar (Veraval) creek,

"During 1980 the effiuent was highly toxic
and very few physico chemical parameters
matched with 1S (Ruparellia et al. 1980).

The f{sctory has installed lime addition,
mixing plant as well Zinc settling/filtration plant
and there was gradual improvement in the
effluent quality. Temp was found between
26°C to 31°C pH from 2 to 10,6 BOD from 200
to 360 ppm and LC-50 value from 209, to 1009,
Conc/Vol {non toxic). But during surprise
check, lime treatment pilant was found unopera-
tive, pH was found drasticallty low between
2to 3 end LC-50 value was found very low
between 20 to 26 Conc/Vol. '

The effluent requires periodical monitoring.

6. M/S EXCEL INDUSTRIES, BHAVANAGAR

This f-éctory produces yellow phosphorous,

red phosphorous and sulfar and ammonium
phosphides and use Rock phosphate, cock silica
Ureas, Wax, Ammonium carbonate, Thionyl
chloride, Butene diet and Hexa chiore cyclo
pentadiene.

The effluent quantity released is 2 to 3
lakhs litres/day the effluent has pH betwen 6 to
7. COD between 100 to 300 ppm and suspend
solid between 5 to 200 ppm the LC-.50 value.
was found 29 in 1984 it was 16,69% in
February-'85. :

The treatment to the efflusnt is given mainly
through neutralization. The factory has installed
activated carbon treatment plant. solar evapora-
tion plant and filtration screens for solid
wastes. However samples have not been tested
thereafter,

The factory deals with highly toxic chemi-
cals and hence periodical monitoring of effluent
is necessary.

6. BHADAR RIVER (JETPUR NEAR RAJKOT)
There are around 1,500 printing industries
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in Jotpur and Navagadh which are on the bank
of river Bhadar and releases 8.286 million litre
of effluant per day in the river the effluent is
highly coloured (Red) with high COD, fow BOD
and high suspended and dissolved solids.

The L..C-50 value was found around 139
ConcjVol.

IMPACTS OF THE WORK UNDERTAKEN
BY GFASRI

1. GFASRI is getting recognition as an agency
to shouider responsibility to protect
aquatic environment.

Earlier industrial units were seither not
aware of or never worried about that they
were causing damages to near by flora.
fauna and in all aquatic ecosystems by
releasing their effluents and hence never
bothered to treat their effluents. from the
sequential experiences it can be informed
that now an awarness is created among
factory authorities about the damage caused
to aquatic systems through release of
. untreated effluents. Many factories have
installed treatment plants and have started
putting efforts towards improvement of their
effluents. Few factories have created special
squads to look after their effiuents.
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Paper-5

A BRIEF APPRAISAL OF MARINE FISHERIES IN INDIA

K. Alagaraja
Central Marine Fishearies Research Institute, Cochin

ABSTRACT

Using Relative Response Modsl and Maximum Contribution Approach, estimates on potentiel
yisld from the 0-60m depth eres of Indian coastal waters are obtained as 2,20 and 2 00 million tonnes
respactivaly, Basing on productivity estimates, potential yisld from 60-200 m depth ares is expected to
be one million 1onnes. It Is suggestad that no further incresse in offort in 0-50 m dopth is sdviseble.
instead, mechanisation of indiganous craft and/or replacement of existing small machanised ones by

medium sized vessels may improve the yisld to 2.00 milion tonnes.

In the cese of 50-200 m depth.

introduction of 400 iarge vessels of length above 10 m is suggestsq,

INTRODUCTION

India with a vast coast line of more than
6500 km has rich marine fishery resources ton-
taining not less than 1000 species. Recent
estimates indicate that there are resources ac-
counting for about 4.5 million tonnes in the EEZ
of this country for exploitation (George et a/
1977). These estimates areé based on product-
ivity studies and exploitation rates. At present
the near shore areas stretching to not more
than 50 m depth are intensively exploited by
the small scale fishery sector comprising indi-
genous craft and small mechanised ones mainly
operating trawls and drift/set gill nets. There are
about 120 big trawlers in private sector, operating
mostly in the east coast. Apart from them there are
about 50 large vessels operated by the Govern-.
ment of India organisations for exploratory and
research purposes, In fish production India ranks
sixth in the world, tn shrimp production and
export it ranks second. From exports this
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Country esrns about Rs, 380 crores snnually.
This paper presents the existing overall status
of marine fisheries in terms of quantity exploited
groupwise and the role of small scale and large
scale fishery sectors. It also indicates the level
of potential resources for exploitation ‘using
Relative response model and Maximum contri-
bution approach. 1t also discusses the scope
for intensifying fishing effort by way of
introducing more gears and the scope for incre-
asing vieid from marine sector.

The Central Marine Fishories uResearch
Institute has haen collecting data on the exploit-
ad marine fshery resources of this country for
more than three decades for assessing their
level of exploitation in terms of quantity caught
and effort expended and biological and environ-
mental aspects in order to find out the levels of
effort suitable to harvest maximum sustainabie
yields, For this purpose, the Institute has develop-
od a stratified multistage random sampling

CMFR)



design, the stratification being over space and
time. This system of collection of data on marine
fishery resources, vital for stock assessment
studies is recommended by the FAQ to other
developed and developing countries. [n the
coverage of the CMFRI, data on exploitation of
large vessels operated in the private sector are
inciuded as these are not made available to the
National Marine Living Resources Data Centre of
the CMFRI. The data base considered for this
paper covers thus the small scale mechanised and
non=mechanised fishery sectors only, the period
of coverage being 1971-'81,

PRESENT STATUS OF EXPLOITED
MARINE FISHERY RESOURCES

Ouring 1971-"84 the total annual marine fish
landings in India ranged from 9.8 to 16,3 lakh
tonnes. This period witnessed the introduction
of mechanised craft in the marine fishery sector
and mechanisation of indigenous craft. The
average during the first four years amounted to
11.45 lakh tonnes followed by 13.66 lakh tonnes
during 1975-'79 and 14.46 lakh tonnes during
1980-'84 indicating the slow rate of increase
during the period under consideration. This is
an indicator to the fact that in the present area
of exploitation substantial increase in the yield
may not be expecited from what is harvested at
present  This period also witnessed intensive
exploitation of demersal fishes particularly by
smaller shrimp trawlers. The contribution from
demersals was increasing from about 33% to
almost 50 in the total landings. in this period.
As expected the trend was similar in the case of
mechanised sector but more impressive with
about 209 initially and touching almost 709 in
the end. (Anon, 1982; Anon, 1983 a; Anon,
1986 and Alagaraja e?. 8/, 1982).

Clupsoids contributed about 27%, of the
tatal landings during this period out of which
oil sardine accounted for 12%,. The landings
of oil sardine varied from 1.15 to 2.21 lakh
tennes. Prawns ranked second with 13Y% of
which the share of penaeid prawns was 89,
The ranges of the tandings of penasid and non-
penaeid prawns were 0.72-1.42 and 0.49-0.85
lakh tonnes respectiveiy. The landings of
Bombay duck varied from 052 to 1.38 lakh
tonnes with an average contribution of 7%} to
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the total fandings. Sciaenids landed in good
quantities varying from 0.37 10 1.16 lakh tonnes
accounting for 69, in the total landings. Heavy
fluctuations -were noticed in the landings of
mackere! during 1971--84, the range being
0.28-2 06 lakh tonnes, ke of which no other
group has experienced during the period under
raview. |t accounted for 59, of the total land-
ings. Cat fish, ribbon fish and silver bellies
contributed 4%, each to the totai, followed by
pomlrets, perches (39, each) and seer fish

(2%)-
PRESENT LEVEL OF FISHING

Though there was an increase in ths total
marine fish landings during 1971-°84, the trend
was not uniformly increasing. There were
fluctuations in the total as wel!l as groupwise
landings. In this context it is batter to know
the condition ot the exploited marine fish stocks
at the present level of fishing. Heavy fluctuat-
ions in the landings of some of the groups and
later reaching a plateau raised doubts on over-
fishing. Overlishing can be considered under
three categories. In economic overfishing,
though the landings are not adversely affected,
fishing activity becomes economically not
viable. In such cases the effort pressire is
automatically reduced so as to miintain the
economic viability of fishing operations. Such
a situation has arisen in some parts of the
country leading to clashes betwaen the indi-
genous fishermen and those oparating mecha-
nised boats. Clashes in Tamil Nadu, kerala,
Karnataka and Goa are indicators of this
situation. These clashes are being averted
by proparly scheduling fishing operations
(Jacob et a/, 1979; Balakrishnan et a! 1984
and Alagaraja ef. al. 1932). The second
type of over fishing is ‘size overfishing’. Due
to reduction in the mesh sizée it has been
naticed that the size at first capture is very
much reduced particularly that of prawns (Rao
et al, 1980). In the ininal stages lne caplure
of larger fish and thair raductions in the stock.
leads to reduction in the average size of lish
caught. This reduction gives chance to the
younger fish to grow better in the absence ol
competition for food from the older ones.
However, when the effort pressure is increased
and mesh size reduced even the younger ones
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are caught indiscriminately without allowing
them to use their fast growing potential. This
adversely affects the biologicalt efliciency of
the system. Hence such a tendency should
not be encouraged, Finally comes the ‘raecryit-
ment overfishing’. Since all living resources
ate renewable resources, their renewability
could be maintained only when the recruitment
is not atfected. Capturing young fish in large
quantities before they spawn may leave only a
fow fish to spawn and the resuitant recruitment
to the fishery may not be able to balance the
loss due te natural and fishing mortalities.
Hence once recrvitment overfishing sets
in, it adversely affects the stocks leading finally
to their disappearance from the regions of

fishing. Such a situation may happen purely .

by fishery dependent factors as in the case of
cat fish in Karnataks (Silas et. al. 1980) or by
the combination of fishery independent and
dependent factors as in the case of Peruvian
anchovies (Anon, 1983), All these three effects
are falt though not in full extent in some region
or the other in the |Indian coastal waters
demanding care and attention to the marine
fishery in this country.

POTENTIAL Y{ELD N 0-60 M DEPTH REGION

In the context of the above observations it
is pertinent to know the leve! of potential yield.
Estimates on potential yield or maximum
sustainable yield could be obtained by using
the well known macro and micro analytic
models. Under micra analytic modsls the
often used Beverton.-Holt model is appli-
cable for a fish stock and the non selective
gear employed for its exploitation. As this
mode! is gear and species specific its useis
restricted to only those species for which
information on growth and mortalities is avail-
able. To get an estimate op all India leve: such
a model has to be used for the most important
groups of fishes and their MSY are to be added
1o get the total estimate. At present such
studies have besn made on a few groups
namely prawns (Alagaraja et a/, 1986), Nemi-
pterus spp (Murthy, 1983) and cat fishes {Anon,
1987) to cite a fow references These studies
have cleatly indicated the necessity far mesh
regulation in those ragions where these stocks
were exp'oited. However, an over all estimats
on ail india basis are not available even for
these groups.

Under macro analytic models two models
are used to find the level of potential yield and
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to examine their comparability. As per the
Relative response mode! (Alagaraja, 1984} for
the period 1980-'84; the estimate of potential
yiald is 2 20 million tonnes as given in the
Table t.

TABLE 1,
Estimate of potential vield using
refative response modef

Cy c, + 1 C, a C (1~ K} 4 K Gt
(‘000 t} ' :
1250 1379 = 263.5 4 0.88 ct
1379 1421 r =094
1421 1550
1650 1630 ¢ = 2200

Speciaswise estimates ot exploited marine
fishery resources in India have not shown any
interactive effect among them, In the absence of
interaction among the exploited species 'Maxi-
mum Contribution Approach’ (Alagaraja, 1986)
could be used to obtain the potential yield. Under
this approach during the period under review,
the maximum landing of each group is taken,
For this purpose the total landings are consi-
dered under 14 major groups. For example
landings of penaeid prawns were the maximum
in 1975 touching 1.42 lakh tonnes, Such maxima
are obtained for ell the 14 groups as indicated
in Table 2.

TABLE 2.
Maximum contribution approach

Groups Maximum Percentage Yoar
tendings
{1000 1)
1. Oil sardine 221 11.2 1981
2, Other clupeoids 283 14.5 1984
3. Mackerel 2056 10.4 1971
4. Bombay duck 138 7.0 1931
6. Penaeid prawns 142 7.2 1975
6. Non-penasid 85 4,3 1972
prawns
7. Sciaenids 716 5.8 1976
8. Catfish 76 33 1974
9. Perches 71 39 1974
10. Silver bellies 92 4.7 1983
11. Ribbon fish 78 4.0 1978
12. Pomfrats b4 2.7 1983
13. Seer fish 37 1.9 1984
14, Others 370 18.8 1984
Total 1967 100.0




The grand total of these maxima is about
2.00 million tonnes which is the potential
estimate under the Maximum Contribution
Approach. This estimate is closer to the one
obtained under Relative Response Mode! Hence
the exploitable potential vield: may safsly be taken
as 2.00 ‘million tonnes from the present heavily
exploited area extending upto 50 m depth. It
may be interesting to note that the estimate
of 2.26 million tonnes obtained by George - ot a/.
(1877) for this region is wvery ciose to that
obtained through Relative Response Model,

SCOPE FOR INTRODUCING ADDITIONAL
CRAFT IN THE 50 M DEPTH REGI!ON

From the foregoing it may be stated that
the present yield of about 1.60 million tonnes
could be raised to 2.00 million tonnes. For
obtaining this additional yield of 4 lakh tonnes
one would like to know whsther the present
level of effort,in terms of number of craft and gear,
should be increased or not. As indicated earlier,
clashes between small scale mechanised sector
and the indigenous one have been reported in
different parts of India pasticularly in the south
west and south east regions. Thess clashas have
afiected the fishery very much. Hence intfo-
duction of additional small mechanised craft
in these regions for exploiting the resources
available in the 0-80m depth area is not
advisable. However motorisation of indigenous
craft for operating gear and tackle such as drift/
gill nets and hook and line may enhance the
contribution from these units. Since the exist-
ing crait would be motorised under this schame,
clashes may not be expected and this approach
may help the traditional fisherfolk to increase
their revenue as the area of exploitation ofeach
motorised indigenous craft would he axtendad,
its mobility increased and hence such craft would
be able to land fish in good and fresh condition
fetching higher nrice. It is worthwhile. in this
context to think In terms of replacing smaller
crafts by medium sized ones so as to increase
the fish hold capcity and the space for carrying
ice,

POTENTIALITIES OF 50-200M
DEPTH REGION

. At present exploitation of the resources in
51-200 m depth region is not as intensive as

in the aera within 80 m depth. Hence a precise
and reliable estimate on potential yield from
this region on the lines indicated for the 0-50 m
region, could not be made. This region is not
supposed to be as biologically productive as
the near shore areas. However, George et a/
(1977) hava indicated its potential yield equi-
valent to that of 0-50 m depth region In
otherwords according 1o them there exists
another 2.0 mitlion tonnes outside the present
area of fishing ready to be exploited. From
Jones and Banerjee (1973) primary production
fate for 0-50 and 50-200 m on al! India level are
astimated at 1.2V and 0.28 cg fm?/day respecti-
vely and the corresponding areas are 193 and
401 thousand sq km respectively. On the basis
of these estimates, the potential yvield of 50-200
m depth area may be equal to about half that
of 0-50 m depth area. Regionwise break-up of
potential vield is given in Table 3. The potent-
ial yield of the 0-50 m region is estimated at
2 00 million tonnes. Hence the estimate of the
potential yield for the region 51-200 m is 1.00
million tonnes. This estimate appears to be a
modest one. '

" TABLE 3.

Regionwise potential yield (lskh tonnes) and
t_'equfred no. of large vessels

Region 0-50 m 50-200m 0-200m No of large
. vosiels
{above 17 m
langth) req-
uired in 60~
200 m depth
aredg.
North East
(West Bengzi _
&nd Orissa) 200 100 3.00 40
South East
{Andhra Pradesh,
Tamil Nadu and
Pondicherry) 500 2.50 7.50 100
South West
(Kerala and
Karnataka) .00 3.00 3.00 120
Nosrth West
(Goa, Maharashtra
and Gujarat) 7.00 3.5 10.50 140
Total 2000 10.L0  3G.00 400
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To determine the level of effort required to
exploit these resources information on types of
vessels their holding capacity and break even
point is needed so that their operations becomse
economically viable. For instance for a larger
vessel of about 23 m length, the fish holding
capacity is 25 tonnes and it can stay out at séa
for about 20 days. Qut of this about 15 days
are spent in fishing. On an average the vessel
is expected to catch about 1.7 tonnes of fish per
day. |f this catch is made up of low quality
tish, then the operation may not be economi-
cally viable. Hence to fix the No. of vessels
required to exploit multispecies resources more
information on the distribution of the resources
over space and time and the economic viability
of harvesting them by various types of gear-
vessel combinations is needed In the case of
north east coast of India where large trawlers
of length 23 m and above are operating mainly
for shrimps required information is available,
Hence it is possible to calculate the maximum
yield of shrimps that this area can sustain and
the optimum No. of vessels of length 23 m and
gbove needed to judiciously exploit this
resource, The MSY estimated for this region is
4800t of shrimps and the optimum No. of
trawlers is 104 Now there are about 120 traw-
lers operating in this region.  Hence it is
suggested to reduce the No of trawlers from
120 10 100. Since such details are not avail-
able for the 50.200 m depth region, it is ditficult
to estimate the No. of vessels which should be
deployed to optimally exploit the marine fishery
resources of this zone.

Assuming, however, that targe trawlers are
expected to catch on an average 10 tonnes/day

and taking 250 days in a year as the effective
operation period for each vessel, total expected
annual landings for each vessel may be put at
2500 tonnes. On this basis 400 such vessels
are needed to catch 1.00 million tonnes.

From Table 3 it may bes mentioned that
large vessels numbering 40 may be introduced
in the north east region, 100 in the south east
region, 120 in the south west region and 140
in the north west region to tish beyond BOm
depth At present there are about 120 large
trawlers operating off the coasts of Waest
Bengal, Orissa and Andhra Pradesh. These
vessals ara exploiting mainly prawns. As these
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prawns are not deep saa prawns it appears that
these large trawlers are operating in the
relatively shallower regions. In the absence of
the data on the exploited marine fishery
resources by these vessels no conclusion could
be drawn on the effect of operations of these
vessels on the fish stocks exploited by them.
However. it may be stated that large vessels
may be directed to exploil deep water resources
and the area with 0-60 m depth may be leftto
small vessels for exploitation.

Before the advent of mechanised craft,
fishing gaar in India was passive in the sense
that gear was operated on the stocks approach-
ing the fishing areas  After the introduction of
mechanised craft, gear has became active and
stocks are ‘hunted’ and fished as in trawling
and purse-seining. While the gear is passive,
oxploited stocks are not adversely affected by
the fishing eftort. But when the gear is aclive
and when the effort i8 intensive there are
chances for recruit overfishing. Hence constant
monitoring of the resources exploited by the
active gears is required for their judicious
management.
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FISHERY AND BIOLOGY OF OIllL SARDINE SARDINELLA
LONGICEPS (VALENCIENNES) FROM COASTAL.
WATERS OF PARANGIPETTAI

K. Kumar and K. Balasubrahmanyan
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Paranglipattai 608502

ABSTRACT

Although oil-sardine fishery is a8 major fishery on the wast coast, it is a minor figshery in sOme
Places on the east coast. Information about Sardinells longiceps (valenciennes) on the east coast iz
scanty and the total catch landed at Parangipattai was sbout 79.96 tonnes from October 1985 to
Septembar 1986, Oil-sardine fishary was dominant in Paranglpettai during July 1986 to September .86
amounting to about 70.5 tonnes. The iength ranged from 02 to 103 mm in totsl length and nesrly 60%
of the catch comprised of fish above 160 mm in length. The size a1 first msturity was 156 mm for
femaies and 158.5 mm for males and spawning was found to occur from July 19868 to September ‘88,
A comprehensive study of the occurrence and biology of oil-sardine, § /fongiceps on the east coast is

noeded to assess the resource potentisl.

INTRODUCTION

Marine fisheries play an important role in
the national economy of our country. The
annual catch for 1984-°'86 consisted of
1,614,922 tonnes and the oil sardine, Sardinelia
longiceps |Valenciennes) is one of the major
marine resources contributing to about 209,
of the total marine catches. Oil sardine is a
major fishery on the west coast restricted to
Kerala and Karnataka states. Several studies
have been made on the oil-sardine fisheries on
the west coast. Only receatly occurrence of
oil-sardine in good numbers have been raported
from the east coast (Gnanamuthu and Girija-
vallabhan, 1984; Ramasomayajulu and Dhana
Raju, 1985; Srinivasarengan and Chidambaram,
1985). The present paper presents an account
of the oil-sardine tishery in the coastal waters
ol Parangipettai during 1985-°86.

MATERIAL AND METHOD

Specimens of Sardinella longiceps (Val.)
used in the present study were collected twice
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in a wesk from the fish ianding centre at Paran-
gipettai for one vear from October 1985 to
September 1886. Total length of the fishes
were recorded in mm from the tip of the snout
to the longest ray of caudal fin. Sex, maturity
stages and weight were aiso noted. The
stomach contents were analysed by ‘‘points
method'’ (Hynes, 1950) based on formalin
preserved samples For studying the maturat-
jon and spawning of S. longiceps, the size of
the gonad in relation to body cavity, the
general appearance, colourstion, stage of
maturity and weight were noted.

FISHERY

The total marine fish production during
1984-'85 was estimated at 1,614,922 tonnes of
which the Indian oil sardine, Sardinells
longiceps {Velenciennes) contribute about
1,65,000 tonnes. Srinivasarengan and Chidam-
baram (1985) reported an unusual landing of
57 tonnes at Pondicherry during October ‘83
1o December ‘83. Qil-sardine is also caught in
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TABLE 1.

Monthly lsndings of oil-sardine at parangipettai
 from October 1985 to September 1986,

Months Landings in tonnes
October ‘85 1.25
November ‘85 0.80
December ‘85 0.50
January ‘88 0.30
February ‘86 0.30
‘March ‘86 0.40
April ‘86 0.60
May ‘86 0.90
June ‘86 4.50
July ‘86 19.60
August ‘86 30.00
September '86 21.00

79.95

good quantities from Parangipettai and the
total catch landed was about 79.95 tonnes from

Qctober 1985 1o September 1986. (Table 1). -

Parangipettai fish landing Centre has 7 fishing
villages namely Mudasodai, Annankeil, Paran-
gipettai, Chinnoor South, Chinncor North,
Pudupettai and Puthukuppam and the craft
engaged in oil sardine fishery was 'Catamarans’,
dug-out cances and trawlers. Bottom-set gill
nets (mesh size 2.5 ta 4 cm) like “Kavala valai'”
and “Salangai Valai”' are mainly employed for
catching the oil sardine. Cast nets locally
known as ‘‘Veechu valai'’ of varying mesh size
are operated from dug-out canoe. The shoals
of oil-sardine occurred at a depth of 10 maters
in the inshore waters.

FOOD AND FEEDING

The food of 8. longiceps consisted of 14
items., Coscinodisus sp. was always dominant
and ranged from 17.26%, to 44.829%, in all size
groups followed by Pleurosigms sp. and
Biddulphia sp. in the order of abundance
Fragilleria oceanjca was /less in the gut of
fishes from parangipettai waters. Copepods,
crustacean pieces, Tintinnids, bivalve larvas,
Lucifer, Evadne sp. and zoea also occurred.
Caopepods formed the principal food of the
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juveniles. In the 101-105 mm size groups,
Copepods formed 28 669, but in 146-150 mm
size group, the copepods contributed only
12,44% and less in higher groups.

LENGTH - WEIGHT RELATIONSHIP

Length-weight relationships in 8. Jongiceps
studied by applying the formula-
tog W= a + n log L. where, '

W = weight’ L = length
a = multiplying constant

n = exponent of length.
In the present study on 25 Indeterminates, .

150 males and 185 females, the relationship
was found to be: P ;
Indeterminates: log W = - .8256 +3.8056 log L.
log W = -2.3645 + 3.15186 log L.

log W = -3.0024 + 3.4436log L.

Males:
Females:

The regression equation of males, females
and indetsrminates were subjected to analysis
of covariance (F. test) to find the significance
between the regression co-sfficient. The data
subjected for analysis of variance showed no
variation between Male and Famale, Female
and Indeterminates, Male and Femals & Indeter-
minates. Since there was no variation between
male, female and indeterminates, the data have
been pooled together and a common equation
was derived.

jog W = -3 2415 4 3.5505 log L.

SEX RATIO AND SPAWNING

648 specimens were examined and the
ratio of males and femailes is 1.00: 1.01. - Sex
ratio calculated for various months showed
it has deviated slightly from the expected ratio
1:1.

Sex could ba identified in specimens on
attaining the length above 116 to 120 mm.
Males were found to mature at 135-140 mmm
and females at 130-135 mm size. Maturity
curve showed that 509, of females attained
maturity at 156 mm and males at 158.6 mm.
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PERIOD OF SPAWNING

The changes in gonado-somatic index were
calculated for males and females and monthly
average of gonado-somatic index (G.S.l.)is
given in Fig. 1. High G. §. 1. values of July~
September indicate the spawning months of
S. longiceps. The decrease in G. S. |. value in
other months viz., from Octobsr to December
may be dus to spent condition in the fish
during this period.

GONADO SOMA (1C TNDE X
5

9 N o ) F M A M J i A 3
il o] MOKTHS 1986

Fig. 1. Monthiy avarage of gonsdo-somatic index

of Sardinelts fongiceps.

DISCUSSION

The oil sardine, Sardinella longiceps torms
a good fishery in west coast of India.
Gnanamuthu and  Girijavallabhan (1984),
Ramasomaysjulu and Dhana Raju (1983) and
Srinivasarengan and Chidambaram (1285)
reported about the occurrence of oii sardine
from east coast also. Qil sardine regularly
caught in Parangipettai and about 79.95 ilanded
in 1985.-86.

In the present study, Sardinella longiceps
showed preference of feeding exclusively on
planktonic diatoms. This obssrvation is similar
to findings reported in Trivandrum (John and
Menon. 1942), Calicut (Hornalt and Nayudu,
1824; Nair, 1953; Venkataraman, 1961),
Mangalore Dhulkhed, 1964) and Karwar (Noble,
1969). According to Nair (1953), Dhulkhed
(1964) and Kagwade (1987), amoang the
difterent diatoms found in the dietary of the
oil sardine, Fragillaria oceanica Cleve formed
the most important constituent and they found
the existence of a significant correlation bet-
ween the occurrence of this diatom and the
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oil-sardine. Howevaer, in the present study
F. aceanica was lass in the gut contents of
S. Jongiceps at Parangipettai waters. Bensam
{1967) found that the juveniles of oil sardine
fead mainly on zooplankton dist while the
adults feed mostly on phytoplankton. In the
present study aiso, the juveniies have fad more
on zooplanktonic dist than on phytoplankton.

Hornell and Nayudu (1924) reported that
oil sardine attained first maturity at the age of
one year when they measured about 150 mm
in length and this has been confirmed by other
workers (Chidambaram and Venkataraman,
1948). Dhulkhed (1967) considered 160 mm
as the minimum size at first maturity while
Antony Raja (1967} reported it to be around
150-16Q0 mm which is in agreement with the
present study.

The spawning season of oil sardine has
been variously recorded by sevaral workers as
May to Avgust (Hornell and Nayudu, 1924),
June to October (Antony Raja, 1967, '69),
June to September (Nair, 1963; Dhulkhed,
1967) and June to December (Prabhu and
Dulkhed, 1967). Gnanamuthu and Girija-
vallabhan (1984) reported that the mature oil
sardine occurred from January to March in
Madras waters. In the present study, spawning
saason of S. longiceps in Parangipettai waters -
was from Juiy to September.
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Paper 7

ON THE FISHERY AND POPULATION DYNAMICS
OF SEER FISH SCOMBEROMORUS COMMERSON

(LACEPEDE) OFF TUTICORIN (GULF OF MANNAR)

H. Mohamad Kasim and K. M. 8. Ameer Hamsa
Central Marine Fisheries Research Institute, Cochin - 682 031

ABSTRACT

On an average 34 476 t of seer tish were landed in India during 1982-1985. Scomberomorus
gultatus constituted BOY, of the total catch, $. commerson 49.1%, S lineolatus 0.6% sod
Acanthocybium solandri 0.3%. n Gulf of Monnw, seer fish are exploited by dvift gill nets of
different mesh sizes, hooks and lines, trawl nests and to a llmited extent by shore-zsines. On an
aversge 421.4 ¢ of seer fish ars being landed snnually by all these gears slong Tuticorin coast. The
dritt gitl net, paruvalai landed on an average 166.7 t at the catch rate of 46.5 kg per unit. Hooks and
lines (anded annually 143.2 t at ihe catch rate of 14.6 kg per unit snd trawl nets 113.4 t at "the caich
rate of 3.04 kg per unit. The smaller mesh sized drift gill net, podivalai landed on an average 101t
annus!ly st the catch rate of B.65 kg per unit.

The fishery of seer fish in Tuticorin is supported by Scomberomorus commerson (91%),
S. lineolatlus 6.9%)) and  S. gutiatus (2.1%,}. The growth In lengith of S commerson, estimsted
from length frequency studies, can be expressed by ithe von Bertalanfty growth formula (VBGF), Lt =
1938 (V.o .0:2008 (t + 0.0838) The growth in weight may be expressed as Wt =~ 32002 {1 -

o0 2214 (t+ 01297} )%, Thoe natursi, total and fishing martality rates have bean estimeted with raspect
to different gears. The vield per recruiiment for different combinations of age at first capture and
fishing mortality rates for the provaiting M K ratio is estimated and given In the form of yield isoplath,
The estimated optimum =ga of sxploitation is 3.88 years and the potential vield per recruit is 1749 g.

The highly selective gears like the drift gill net, paruvalai snd hooks and lines have been
observed to exploit seer fish resource very effectively and more number of largar individuals have been
casught, Therefers, exploitation by partvalal with still  larger mesh size end hooks and lines may be
encouragad for enchancing the production of this resource.

INTRODUCTION

Seer fishes are commercially important
scombroids caught all along ths coastal waters
of india. Though this resource forms a good
fishery all along the Indian coast, the informat-
ion available on the tishery and biology of the
component spacies are limited. Hornell (1917)
dealt the seer fish fishery of Tuticorin coast
along with other important fishes. Subsequantly
Chacko et. a/. (1962) have studied the scom-
broid fishery of Madras State. Silas (1982) has
given an account on the fishery of seer fish
while dealing in detall the fishery of tuna,
sailfish and marlins along the Tinnevsli coast.
Biological aspects like food and feeding, growth
and spawning of different species of seer fish
have been studied by several workers (Vijaya-
raghavan, 1955; Krishnamoorthi, 1957; Nayar,
1968; Kaikini, 1960; Rao, K. Srinivasa, 1962;
Kumaran, 1962). Devaraj (1977, 1982) has
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worked in detail the growth and biology of seer
fishes in Palk Bay. A detailed account is given
on the fishery, extent of exploitation and
population dynamics of the dominant species
Scomberomorus commerson in this paper.

FISHERY

Fishing ground, season, craft and gear

This resource is being exploited all along
tha Indian coast by both mechanised and non-
mechanised fishing units althrough the vyear by
employing different types of gears like drift gill
net, hooks and lins, trawl net, shore- seine etc.
Present exploitation is limited to the nearshore
watars upto the depth of 50 m by trawlers and
bsyond 60 m by drift gill net and hooks and
line units. Drift gill nets are of ditferent types
varying in mesh size from 256 mm 1o 205 mm
with different vernacular names from region to
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region. Smaller mesh sized gill nets are
employed for exploiting smaller clupeids like
sardines and anchovies and the bigger onae for
sharks and rays.  Gill nets with larger mesh
size from 120-170 mm have been observed
very efficient in catching seer fish. Hooks of
diffarent sizes are used in hand line, long tine
and trolling. The gill nets and hooks and lines
have been found to be highly selective and
exploit this resource effectively wheteas the
trawl net and shore-seine are less selective and
only smaller individuals of seer fish are caught
more in these gears. Though this resource is
exploited althrough the vyear, the peak period
of fishing is during July to September off
Tuticorin as in the west coast and November
to January along the east cost.

Rate of exploitation

On an average 34,476 t of seer fish woere
landed in India in a year during 1982-83 to
1934.85 period (Table 1), The catch was
constituted by the king seer, Scomberomorus
commerson (49.1%), spotted seer, § guttatus
(509%), streaked saer, S. lingolatus (0.6%,) and
Acanthocybium solandri (0.3%,). S commerson
constituted the major portion of the catch
during 1982-83 and 1984-85. This species
occurs predominantly along the southern coasts
of India and 8. guttatus occurs in good sbun-
dance on the northern coasts of India. 8.
lingolatus and A. sofandri do not form a fishery
anywhere and the occurrence of the latter is
very sparce. This resource is exploited mostly

TABLE 1
Specieswise all India seer fish landing in tonnes from 1382-83 to 1984-85*

Year
\ . ) .. e e Ave 8 0
Spacies 1982 - 83 1083 - 84 1984 - 85 8 Vo
S. commerson 19,799 13,433 17.548 16,926.7 49.1
S. lineolatus 176 286 186 216 0 0.6
S. guttstus 13,627 21,900 16,218 17.248.3 50.0 -
A. solandri g 201 44 84.7 0.3
Total 33,611 35,820 33,996 34,475.7
*Anon 1986

by drift gill nets and trawl nets along the
northern coasts of India (Sudhakara Rao and
Kasim, 1985; Kasim and Mohamad Zafar Khan,
1936). In southern coasts hooks and lines are

also employed in addition to drift gill nets,
trawl nets end shore-seines.

The fishery of seer fish in Gulf of Mannar
is commercially very important as the fishermen
migrate from northern coast of Tamil Nadu for
exploiting this resource along with tuna during
the peak fishing season from July to Saptemnber
avery yvear. Among the different gears operated
off Tuticorin, Chalavalai a type of drift gill net
with mesh size 25-35 mm always landed only
a very small size groups of seer fish during
April-June and sometimes during September-
November, whereas the podivalai another type
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of gill net with mash size 70-100 mm and trawl
net land little bigger size groups. Paruvalai, a
drift gitl net with mesh size 120-170 mm and
hooks and line always land bigger size groups
and the larger individuals are dominant in the
catches of these gears.

The obsesrvation on this fisheary during
1980.85 along Tuticorin coast in Gulf of
Mannar reveals that annuatly 421.4 t of seer
fish were landed by paruvalai, podivalai, hooks
and line and trawl net. Among the three species
S. commaerson constituted the major portion of
the catch (919%,) followed by S. flinsofatus
(6 9%) and S. guttatus (2.1%). The occurrence
of A. solandri was very rare. Paruvalai landed on
an average 166.7 t at the catch rate of 46.5kg
per unit. There has been a decline in the catch
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TABLE 2

Species composition, total catch, effort and catch per unit effort of seer fish
landed by differant gears operated off Tuticorin.

S. commer- 8. lineola- 8. gutta-

Gear Yeaar Total Effort CPUE
son tus tus )
(kg) {kg) {kg) (kg)  (units) (kg)

Drift Gill 1850 197101 32194 2316 231611 3874 59.8
net 1981 136508 35837 779 173124 3964 43.7
Paruvalai 1982 144175 12688 757 157620 4049 38,9
1983 54810 8337 1336 64482 1584 40.7

Average 133148 6 22264 1296.8  156709.3 3367.8 465
1980 19159 2783 1004 23036 1791 12.9

1981 3221 269 159 2639 531 6.9

Podivalai 1982 3779 1065 420 5264 1119 4.7
1983 7348 731 157 8236 1206 6.8

Average 8376.8 1209.5 457.5 10043.8  1161.8 8.7
Hooks & 1980 185770 5095 365 192130 11723 16.4
lines 1981 96797 1166 — 97973 7462 13.1
1982 1652078 4756 845 157479 8979 17.56

1983 111004 6037 188 117229 10476 11.2

Average 136412.3 44885 299.5 141202.8 9660 14.6
1984 62886 2066 3471 68423 29603 2.3

Trawl net 1985 129276 1091 6845 137212 38177 3.9

1986 124943 465 9290 134698 44228 3.0
Average 106701.7 1207.3  6535., 1134443 37336 3.04

rata trom 1930 with marginal increase in 1983,
Podivalai tanded only 10 t in a year at ths catch
rate of 8.65 kg per unit. The trend in the catch
rate was as observed in paruva/ai. Hooks and
kne units have landed t471.2 t annually at the
catch rate of 14.6 kg pser unit and the catch
rate was fluctuating. Trawlers landed on an
average 113.4 tin a year during 1984.86 at the
catch rate of 3.04 kg per unit (Table 2).

POPULATION DYNAMICS

The catch statistics of different gears reveal
that the seer fish catch is constituted mostly
by the king seer, S. commerson. |t was felt
esgential that various population parameters
such as the growth, montality rates and yield
per rocruitment of this species have to be
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studied for providing required information for
better management of the fishery of this species.
Forkal length in mm and wet weight in g of
this species were collected at random from
catches of different gears for length frequency
ani length-waight relationship of . commerson
can bas expressad as Log W = - 1.8599 +
2.8479 Log L. '

Growth

The gearwise primary data on the obsservad
length frequency wers initially raised to the
day’s catch and then to the month‘'s catch to
obtain the woeighted length frequency at an
interval of 26 mm. For the purpose of growth
estimation the length frequency data from trawl
and drift gill net were used as these gears are
operated in the same fishing ground. A com-
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bination of *‘Petersen method* and '‘Maodal
progression analysis** was used by plotting the
modal lengths in the length frequency in the
torm of a scatter diagram. The progression of
the modes is indicated by eye-fitted lines and
these lines are extrapolated free hand so that
they intersect the time axis indicating the time
of brood origin as shown in Fig 1. The average
sizes obtained from the modes traced in this
way indicate roughly the length attained by the
king seer in consecutive menths These values
wete plotted against respective months and
the curve fitted through the plots reptesents
the growth curve of this species (Fig 2). The
half vearly growth of this species obtainad from
this analysis is 224 mm, 382 mm, 529 mm,
665 mm, 795 mm, 807 ram, 1015mm and 1088
mm in 0.5 1.0, 1.5, 2.0, 25, 3.0, 35, and 4.0
years respectively. These data were further
analysed as per the method of Bagenal (1955)
by regressing Lt+t on. Lt to obtain growth
parameters like Lo, Kandt, . The growth in
langth of S. commerson may be expressed as
per von Bertalanffy growth equation, Lt = 1938
(1 - -0 2008 (t .4 0-0838) ) gnd the growth in
waight, Wt = 32002 (1 - e -0-3214 ( t 1 0 1207))3,

Mortality rates

The total mortality coefficient (Z) is esti-
mated for 8. commerson as per Beverton and Holt
K(Lw-L)

L -Lle

where Lo and K are parameters of von Bertal -
anffy growth equation, L is the mean length in
the catch and Lc is the mean length at first
capture. Lc is normatly estimated from select-
ion experiments, which, however, are rather time
and resource consuming. The Lc of 8. commer-
son for different gears have been estimated from
the ascending limbs of the catch curves of the
respective gear (Pauly, 1934; Devaraj, 1983)
and it varied from gear to gear depending on
its selectivity. The estimates of Z obtained by
the above said method for ditferent gears are
given in Tabie 3.

{1956) method from the relation Z =

The natural mortality coefficient (M) is
estimated by regressing the annual effrort on Z
as per the relation Z = M + qf, where g s the
catchablity coefficient, which relates f and
fishing mortality rates (F) through F = qxf.
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TABLE

Estimates of Z obtained from the average mean size at first cepture (Lc) as per

PARUVALAI {Lc 512.6mm)

HQOKS Er LENES (Lc 576mm)

Year Effort — : Effort —

(units) L (mm) z F (units) L {(mm) z F
1980 3874 698.8 1.33 1.05 11723 815.7 0.94 0.56
1981 3964 681.3 1.49 1.07 7462 869.0 0.73 0.36
1982 4049 664.6 1.68 1._10 8979 848.3 0.80 : 0.43
1983 1584 778.9 0.87 0.43 10476 832.6 0.86 - 0.50
Average 3368 7056.9 1.28 0.91 9660 841 .4 0.83 0.47
Catchability 0.000271125 0.000048121
coefliciant 'q’
M 0.43 0,37
Average M 1.28-0.91 = 0.37 0.83 - 0.47 = 0.36
Considersble  difficulties are  experienced
in  obtaining reliable estimates of M for "noo-,y' Ma
tropical fishes by several workers (Pauly, 2

1980; Srinath and Alagarja, 1982; Yohannan,
1982; Devaraj, 1983). !n the present study,
M varied from 0.37 in hooks and line to Q.57
in trawal net. The independent estimate of
M for S. commerson ss per Pauly (1980} is
0.45. Devaraj (1983) has estimated the M to
be 0.4 for this species in Palk Bay. The average
value of M obtained from all the four gears is
0.48 {Table 3).

PE R

Yield per recruit

YIELD

Yield per recruit estimated as functions of
different fishing mortality rates and keeping
the age at first capture constant for different
M/K ratios are shown in Fig 3. The ‘F max’
which can produce the highest yield increases
with the increase in M/K ratio. Yield per recruit
estimated as functions of varying fishing mort-
ality rates and different age at first capture for
the prevailing M/K ratio 2.0 are given in the
from of yield isopleth diagram in Fig 4, wherein
the eumetric fishing curve (line A-A) and maxi-
mum sustainable yield curve (line B-B) are
also given. The optimum age of exploitation
is defined as the age when the brood attains
its maximum weight (Beverton and Holt, 1957)
and potential yield per recruit is the quantity
corresponding to this weight as a function
of infinite fishing intensity (Ricker, 1945;
Holt, 1968), The estimated optimum age

60

RECRUITMENT N

g 8

8

Ll T L) T L) L) T L L T L
04 Q8 12 16 20 24 28 32 36 40 44 48
FISHING MORTALITY COEFFICIENT

Yiald per recruitment of S, comimerson at differ-
ent M/K ratios and various flshing mortality coef-
ficients.
are indicatnd for sach curve. -

of exploitation for S. commerson is 3.88 vears
and the potential yield per recruit estimated as
per Krishnankutty and Qasim (1968) is 1749 g
which is indicated in the yield isopleth diagram.
The age at first capture pertaining to different
gears presently employed in Tuticorin are indi-
cated in the isopleth diagram with yield max

and corresponding F which can produce the
yield max,

CMFAI
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8everton and Holt method (1956) and estimates F by régressrhg effort on Z.

PODIVALAI (Lc 325 mm)

TRAWL NET (Lc 212 6 mm)

Effort — Year . Effort —
units) L {mm) Z F {units) L fmm} Z F
1791 408.2 3 69 2.90 1984 29003 359 6 2.15 1.63
831 488 5 1.66° 0.86 1985 38177 342.2 - 2.47 2.04
1119 466.2 2.90 1.81 1986 44228 ‘321.3 298 2.34
1206 458.7 2.22 1.95 : .
1162 457.9 2.23 1.58 37136 341.0 2.49 1.97
0.001609674 0.00005292
0.65 0.57
2.23-1.88 = 0.35 249-1.97-062
144 e
1567 ﬁ
] &0
.5;: ;gg mMiK RaTIO 20
] 900 L
1::? :?ogg 1000
12 T " * 900+
\I;::: !2;%.&',49 -
1047 / 2008 z 500 #s (n )
150 w 11 Y OOK b LINE
249 90 2 700 '
L || ‘»‘ FEY) 3
"a 00 x SO0
| . =y
439 L“ 200 x 900 e B RuvaLAD
s 500
504 400 o 4001
426 Lf 300 w
140§ 200 o 3001 1, 084 YRS (PODIVALA )
2 100 2000
‘pe /—’/ 50 3 YT
nes /—/’_F 26 00 YRS (TRAWLNET)
39. /f—_— , .
oA éo‘s -Io .'5 z'o e's 3Io 3ls alo 4'5 5Io s's 6'0 o] dS Ib- I'5 270 2.-5 :;O 3-'5 4-'0 41-5_ SIO 575 &0
FISHING MORTALITY COEFFICIENT FISHING MORTALITY COEFFICIENT

tsopleth disgram for yietd per recruit in grams
of 8. commerson population in Gulf of Mannar,
The line A-A indicates the sumetric fishing
curve and the line B-B the maximnm sustainable
yield curve. The potentisl yleld per recrult of
1749 ¢ is also shown.

Fig. 4.

The vyield per recruit for different age at
first capture pertaining to different gears are
shown in Fig 5. The F max which can produce
the yield max has not exceeded 0.5 for any of
the gears; whereas the prevailing fishing mort-
ality coefficient of these gears are well above
0.5 except the F for hooks and line (Table 3).

BULLETIN 44

Yisld per reciuitment of & commerson et ditfer.
ent fishing mortality rates end different age st first
capture pertaining to ditferent gear for the prevai-
ling MJK ratio 2.0-

Fig. B.

This indicates that the present eifort input by
by paruvalai, pohivalai and trwal net in Tuticorin
is higher than the required levels and do not
commensurate with the yield The stock of
S. commerson is under higher fishing pressure
by these gears in Tuticorin waters. The incre-
ase in the overall production of seer fish by
further increase in the effort of any of these
gears without due consideration on the increase

&



in age at first capture, may not be appreciable
as the yield per recruit tend to decline in higher
fishing intensity for the prevailing age at first
‘capture. ' '

FISHERY MANAGEMENT

The fishery of seer fish in India is supported
~ by the king and spotted seer whereas in Gulf of
Mannar it is mostly by the king seer. The
suggestions made here are valid only for Guif of
Mannar as the present study deals with the
data collected at Tuticorin coast in detail. The
fishing mortality coefficient, which varied from
0.47 for hcoks and line to 1.97 in traw! net
indicates that the present effort input by all
the gears except hooks and iine are highser than
the required optimum effort and the yield is
not commensurate with the effort expended.
A moderate increase in age at first capture by
these gears may improve the yield, Increase
in mesh size. |Increasing the mesh size of traw!
net is not possible as the main aim of this gear
is to exploit some other resource. Since as
much as 113.4 t of seer fish of mostly smaller
size groups are landed by trawl net, this gear
may be considered as the most unfavourable
for the exploitation of seer fish, Podivolai is
mainly employed to exploit the resources like
hilsa. chirocentrids, mackerel, belones stc.
Though a very limited number of podivalai are
in vogue, this gear is also not suitable for
proper exploitation of seer fish.  Thersfore,
paruvalai with increase in mesh size to 170-190
mm and hooks and line may be considered well
suited for the exploitation of this resource angd
operation of fhese gears may be encouraged for
easing the prevailing higher fishing pressure
and to increase the .seer tish production as well,
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Paper 8

THE PRESENT STATUS OF POLYNEMID
FISHERY IN INDIA

P. V. Kagweds
Bombay Ressarch Centre of C. M. F. R. Institute, Bombay-400007.

ABSTRACT

The polynemid tishery which Is not of e big magnitude has shown rise and fall in the catches
during the last 30 years from 1956 to 1985, The fishery whenever dropped In the north west coast
showsd improvement along the east coast. Though reprasented by 9 species most of which have fisherjss
of very small megnitude, tha overall tishery Is supported mainly by FPolydactylus Indicus ('Dara’} and to 2
losser extent by Efsutheronema telradacliylum ('Rawas’) both growing to over a matar in length and
weighing more than 18kg. Because of the dominance of P, indicus, fluctuations in its catches are raflected
on ths ffuctustions in the total polynemid catches. The decline Ip the catches in sixties is attributed to
the heavy landings of "Chelna’ which are nothing but juveniles of ‘Dara” in the fifties and sixties by the
commercial trawlers. Added to thls sre certain biological facts ‘Dara’ matures in the [Vth year and is s
gonochoristic hermaphrodite in which the ovarian part of ovolestis becomes sctive aiternatively with the
testiculer part and in this process the perlod for an Individual to reproduce the prageny ks reduced to halt.
Hermaphrodites sre also encountsrad in other polynemid species.

Cessation of trawling [n the nursery grounds of ‘Dara’ dus to the concenirstion of fishing for
prewns in other ereas in iate sixties and saventies hag helped the fishery to revive in seventiss and sighties
and conserved the spaciss 8t the present Jevel. The raditional fishermen use a highly selective gear
namely "Waghra Jal’, & bottom dritt gill net for 3-4 months in & year during the spawning migration of
this species towards the Guif. This by itself is & good managemant policy to conssrve such an important

figshery, in spite of its modsrate magnitude.

INTRODUCTION

Polynemids, though belong to 8 resource
of 8 moderate magnitude, have attained a unique
place emong the quality fishes. They still com-
mand the age old popularity as highly asteemed
table tish. They move in small schools and
contribute to the coastal fisheries of this country.
When trawling started in fifties on commercial
scale, Polydactylus indicus, one of the polynemid
species growing to over a meter in size and
called as ‘Dara’ along the north west coast,
gave an impressive sight of its abundance by
its huge landings, not known earlier. The
catches dwindled in sixties and gradually this
species has become very rareé these days in the
trawlers landings. Similarly Polynemus hepta-
dactylus, another species growing to less
than about 1/3 of a meter which occurred in
trawler fandings in substantial quantity in the
early years, has declined drastically these days.
A critical study and analysis of such an import-
ant fishery of polynemids by virtue of its being
a highly favoured ons, is all the more important
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at present, no matter what its magnitude is
Data available for the past 30 years from
1956-1986 with the Central Marine Fisheries
Research [nstitute should hoid the key to exploit,
conserve and manage this fishery,

CATCH

Polynemids during the 10 year period
1966-65 were reported to form ennually 0.80%
of the total landings {Kagwade, 1968 a). Trend
of the fishery (Fig 1) for this group of fishes
for the past 30 years from 1956 to 1985 indi-
catad that during the later half of fifties,
the annual average catch of polynemids was
1.16% in the total fish landings. The catch
declined in sixties and gave an annual average
of 0.469%,, The trend in the early part of sevent.
ies till 1976 was towards improvement, record-
ing an annual average catch of 0.849, of the
total landings. The catch declined again from
1977 onwards end fluctuated between 0.319
and 0.599% giving an annual average of 0.429
in the total landings till 1988,
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Figo 2,

Stateswise parcentags c¢atch of polynemids during 19561985,
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CATCH DISTRIBUTION

it was teported that between 1956 and
1865 nearly 809, of the polynsmid catch was
coming from Gujarat and Maharashira along
the north wast coast (Kagwade, 1268). However
the data showed that it was true till 1961 only
(Fig 2) and thereafter the catches and percent-
age catches began to drop reaching 337 t and
19.26% in 19658. The catch improved in 1966
recording 3168t which formed 68.719,. It
further fluctuated till 1970 and steadily incre-
ased to record a catch of 104€0 t and a per-
centage catch of 7448 in 1976, The years
after 1977 when the catch was reduced ta 11701t
forming 28.769,"' the catch steadily improved
vear after year and reached the valus of 6505t
forming 71.89, indicating that the fishery in
north west coast is towards improvement.
The status of Gujarat and  Maharashtrae
sppeared to be equal as far as polynemid cat-
chaes were concerned because in some years
the catches were more in Gujarat and in other
in Maharashtra. However, the catches were
improving and were very good in Gujarat from
1981 onwards while they were poot in
Maharashtra during the same period, but showed
a sign of improvement in 1985 with a yield of
1627 t forming 16.86%,.

Along the east coasy, polynemid catches
improved with the passage of time. Tamil
fNadu and Andhra Pradesh yielded good polyne.
mid catches which in some years excelled
those either in Gujarat or Maharashtra. Till
1975 data on catches of West Bengal and
Qrissg weare combinad, Catches forming lass
than 1%, in the total landings were not shown
in Fig, 2. Fiuctuations in the catches and
percentage - catches were noticed in all the
states but the variations were not as wide
as in the north west coast. In Tamil Nadu
maximum catch of 1944t was in 1977 and the
minimum of 236t was in 1981. The highest
percentage catch of 45.37 was in 1985 and it
was alsg the highest among all statas for
that year. The minimum of 1.929%, for this state
was in the very beginning period, in 1957. In
Andhra Pradesh the c¢atches ranged between
298t in 1864 and 2231 in 1974 while the
percentage calch ranged between 4.64 in 1960
snd 31,98 in 1968. The combined catches of
Woest Bengal and Orissa from 1960 to 1976 were
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very poor, ranging between 3 and 3131t and
between 0.06%, and 363Y%,. From 1876
omwards, the catches were recorded separately
for these two states, The Orissa coast appeared
to yisid belter polynemid catch than the West
Bengal which can be graded as poor. Betwesn
1978 and 1930 Orissa landed over 11001t
annually, the maximum being 1491 t forming
25.679, which is far above the catches at Gujarat
or Maharashtra during their lean years. The
south western coast covering Goa, Karnateka
was very poor for polynemids.

SPECIES CONTRIBUTING TO THE FISHERY

The polynemid fishery along the north west
coast was comprised of 3 species as mentioned
earlier. P. indicus and £, tetradactylum growing
to large sizes cost more than Rs. 100/- per piece
and P. heptadactylus Rs. 6-7 per kg. Along the
aast coast the fishery of A. indicus exists near
Madras and of £ tetradactylum in Orissa and
West Bengal. |n addition to these P. heptadac-
tylus and P, sextarius conhiibute to the fishery
here. At Mandapam P. microstoma is another
species adding to the list. in the Hooghly
astuaring systém P paradisseus contributes to the
polynemid fishery. The last 4 mentioned species
do not grow to large size.

LIFE HISTORY

Of the 9 species of polynsmids found in
India, the biology of P. indicus and P. heptadsc-
tyfus in full, of £. tertradactylum and P, paradi.
seus in parts and some informations scattered
hera and thare on other species are available,
Except £. teradectylum which is conditioned for
Bstuarine as well as marine environment, all
other species are marine in habitat. P. indicus
and £. tetradactylum which grow to large sizes,
on the north waest coast are traditionally caught
by giil nets. ‘Weghra’ (Deshpande, 1962) is a
special gill net used to capture A. indicus. The
polynemids are also captured incidentally in the
bag nets and seine nets pperating along differ-
ent parts of the coasts and also in trawl nets.
In the Hooghly estuarine system P. paradiseus
is captured by long lines with 200 to 500
hooks of No. 16 and 17 with prawns as bait
(Jones & Menon, 1953).
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P. indicus is a major species contributing
10 the bulk of polynemid fishery of the country
(Kagwade, 1968 and 1970). Preferring shallower
waters up to 45 meters, the species is recorded
in depths upto 70 meters (Rao ef o/ 1968). It
has a specific size distribution along the north
west coast. The vyoung ones of the sizes
30-75 cm. called 'Chelna’ are found in the
shallower waters of Dwarka and Kutch (Kagwade,
1968 a). At this stage they are all’ immature
and aged from 1 to 3 years After they mature
in the fourth year, they move towards shore and
enter Gulf of Kutch and Gulf of Cambay for
spawning. Of the 2 spawning seasons April-
June and October.December (Nayak., 1959},
the former is the major one. Itis during this
major spawning migration that the gill netters
of Gujarat and of the fishing villages Satpati and
Dahanu in Maharashtra go towatds Gulf of
Kutch and Guif of Cambay respectively for
fishing. The specimens caught at this time are
mostly matwre in the beginning and later on,
are in rumning condition foliowed by a number
of spent ones. Though specimens as large as
142 ¢m is on record the size range of P. indicus
caught by "Waghra' net is generally 84 to 110cm
and the dominant size group is 91-100cm
(Kagwade, 1970) and the individuals weigh over
18 kg. (Kagwade, 1966). Another important
aspect of biology of this species is that itisa
regular hermaphrodite with gonochoristic ovo-
testis (Kagwade, 1974). When the ovary is
active, the testicular part is dormant and is
difficult to see through the naked eyes. When
the testis is active, a careful observation reveals
ovarian part in immature condition running side
by side of the testis from one end to the other,

The alternate development and functioning of -

ovary and testis is repeated thoughout, A
fecund of 5,611,650 ova in this species has been
recorded by Karekar and Bal (1960).

P. heptadactylus growing to a small size hag
its juveniles inhabiting the inshore waters, Its
aduits are found in appreciable quantities in the
trawler landings operating upto 80 meters
(Kagwade, 1268 b). This species is also a
hermaphrodite (Kagwade, 1967) and is found to
breed throughout the year with two peak periods
during March-June &nd August November
(Kagwade 1970). Maximum of 61,243 eggs
has been recorded as the fecundity in this
species.
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£ tetradattylum which grows to 4 recorded
size of 180 cm, matures comparatively very
early al 36 33 cm (Kagwads, 1970), a size
nearly half of that when P. indicus matures,
This species also records 2 peak spawning
periods. (Karandikar and Palekar, 1950). The
findings of Jones and Sujansingani {1954)
that there was total absence of females in the
HI-IV stages of maturity in the Chilka lake
suggest that this lake may be a nursery for
E teradactylum. The availability of females
with oozing ova and their larvae and post larvae
in the creeks around Bombay indicate that this
species breaeds in the inshore waters.

Jones and Menon (1953) observed only
juveniles of P. paradiseus upto 70 cm and adults
above 125 cm and later on David (1934) too
found only the juveniles ypto 8 cm and adults
above 15.0 cmin the Hooghly river while the
sizes between these 2 lengths did not appear
here at any time of the year. Hida (1967)
reported the sizes between 8and 14.3cmin
the Bay of Bengal along the Burmese coast at a
depth between 15 and 27 meters. It appears
from this that P. paradiseus also demonstrates a
specific size distribution, similar to that noticed
in P. indicus. Just as the shallow waters of
Dwarka and Kutch are the nursery grounds for
P. indicus, the shaillow grounds along the
Burmese coast may be the nursery grounds for
P. paradiseus,  After moturation they may be
moving towards Hooghly river for spawning,

DiSCUSSION

The polynemid tishery on the north west
coast showed a decline of alarming nature in
the sixties while in the years that followed it
improved on the east coast. The bulk of the
fishery on the north west coast was formed
by P indicus. When the trawling started
especially, in the nursery grounds of Dwarka
in fiftias and later on of Kutch in sixties, large
quantities of medium sized juveniles in their
| to 11l years measuring upto 75 cm and weigh-
ing upto 7 kg., were ianded, This species attains
maturity only in the fourth year. The facundity
of over 5.5 million eggs has besn estimated in
some individuals. Being a gonochoristic herma-
phrodite, the female phase is restricted to nearly
half the time that a normal femaie would take
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if it were to exist indepandently. The heavy
exploitation of the juveniles, lste maturity in
the fourth year and restriction in reproducing
progeny brought about by the hermaphroditic
character, must have all been the combined
forca for the dsecline of polynemid fishery along
this coast.

Cancentration of trawling in late sixties and
seventies for prawns which by then were under
great demand because of their export potential,
the trawling for ‘Dara’ was forgotten and this
must have helped in the reviva! of its fishery
accompained by natural fluctuations during
seventies and eighties, In the absence of any
meaningful catch of polynemid by the trawiers,
the improved polynemid catch is only due to
the traditional fishermen fishing by the indigan-
ous methods during the spawning migration of
the spocies, The gear used by them is highly
selective and the size of species caught initis
mostly between 91 and 100 cm. This helps
the bigger and smaller individuals left for pro-
pagation. Since the fishery is of very small
magnitude, the species can be conserved by
restricting to the the traditional way of fishing
and prohibiting trawling in the nursery grounds.
Further the traditional fishermen fish during 3-4
months in a year and this itself acts es a good
enough management measure for this fishery.
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Paper-9

AN ASSESSMENT OF THE BOTTOM-TRAWL. FISHERY
RESOURCES OF THE NORTHEAST CO_AST OF INDIA

S. Reuben, G. Sudhakara Rao, G. Luther, T. Appa Rao, K. Radhakrishna,
Y. Appanna Sastry and G. Radhakrishnan
Visakhapatn am Research Centre of Central Marine Fishsties
Research Institute, Visakhapstnam - 530 003,

ABSTRACT

. An overview of the bottom trawl fishary rtasousces of the continental shedf of the
norheast coast (Ist. 156° N.21° N and long. 80° E-B8° E) his bean attemptsd basad : on
dute coliected from the explorstory fishery survevs conducted by 1he Govt. of Indis fishing vessels
during 1981-1885. Tha ‘sweapi-area’ msihod has begn employed to estimate the standing stock, and 607
of this has been rezkonsd as the potantiat yield. The catch rares in the shelf region ranged bstwoeen
1 kg/hr in square 17-33 C1 and 377 kg hr in squsres that yieldad 150 kg/he or more are distributed
widsiy both in the inshore and ofishore grounds. Tha potentisal yield estimates for the area explored
varied botween 0.83 tikm2 in 20° N-87% E and 3 37 tv/km2 in 18° N-36° E

A potential yisld of 150 919 t has baen estimated tor the 81.684 km z area for the shelf and
adjscent areds along the northeast coast with the State wise break up as ; West Bangat 24 121 ¢, Orissa
52,065t and Andhra Pradesh 74.733 Dapth-wise potential yisld in the shelf area and beyond gre siso
given. It is pointed out that dam3rsal fish catghes otf West Bangal and Qsigsa couid be incressed with
incroased exptoltation. it is observed that Sharks and skatss, rays, catfishes, mackerels, threadfin breams
and jocks are undsrexplaitad at present and that lizard fishes and croakers have already reachad the
optimum leve! of exploitation Currsnt knowladge of bottom traws tishary resources of the shelf ares of
the northeast cosst has bsen reviewed, and the factors responsibie for the vaciations in the potential
yinlds estimated by various authors have been discussed.

INTRODUCTION the northeast coast of India : Off West Bengal,

) _ Orissa and Andhra Pradesh, between latitudes
Exploratory bottom trawling operations arte  18°N to 21°N and longitudes 80° E to 88°E.

being conducted by the Fishery Survey of India  Different aspects of the results of these explo-
(FS1) singe 1960 with intensive coverage along  ratory trawling operations have been reported
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various authors from time to time (Naumov,
1961, Shariff, 1981; Poliakov, 19681 & 1962;
Borisov, 1962; Sekharan et 8/ 1973; Krishna-
moorthi, 1973 and 1978; Josph et sl 1976;
Anon, 1980; Antony Raja. 1980 and Sivapara-
kasam, 1987). These accounts. however, were
limited to shart periods of time covering smal|
areas and a few vessels, and some times to one
or two specitic resources. Stimulated by the
results ol the exploratary lishing operations.
the private entrepreneurs have embarked on
commercial fishing through the introduction
of small sized boats using shrimp trawl with an
operational range of about 3% km. Mexican
type of large trawlers with cold storage facility
which could make 20-30 days voyage covering
vast areas have started fishing on a commercial
scale in the area since 1978, With the con-
centration of ovar 100 such large trawlers,
Visakhapatnam has comse 1o stay as a very
impaortant fishing harbour in our country. Roy-
chowk, Paradesp and Kakinada are the
additional bases with facilities to operate small
sizad shrimp trawlers along the northeast coast.
Bhavanapadu and Nizampatnam are fast
“emerging as minor fishing harbours along the
Andhra coast.

In view of the ever increasing fishing effort
being axpendead by the large trawiers as well as
the small mechanized boats along this coast,
it has become imperative to understand tha
present status of the bottom trawl fishery
resources in order to formulate policies for
proper management of the resources. The
present account provides a comprehensive
overview of 1the past 25 years, since 1261, by
various vesse.s of the FS|in dilferent areas of
this vast region.

MATERIAL AND METHODS

This report is based on the analysis of data
collected during the exploratory bottom trawling
operations of the FS| vessels based at Visakha-
patnam during the period 1961-1985 over an
area of 81,684 km2 extending from Sunderbans
inthe north (21°N) to Ramayapatnam in the
south (15°) and projecting 20-120 km towards
the continental slope (Fig. 1 & 2). In all 10
vessels were jnvolved in exploratory fishing
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over the period. But only 5 of them, namely,
M. T. Ashok, M V. Champa, M. V. Meana
Shodhek, M. V. Meena Jawahar and M. F. V.
Matsya Shikari are considered in the present
study. The remaining flive vessels, namely,
M. T. Pratap, M. T. Gudjon M.V. Sea Horse,
M. V. Sagar Kumari and M. F. V. Matsya
Darshinf expended negligible effort in bottom
trawling and hence not considered. The vital
statistics, including the performance, of the
first five vessels are presented in Table 1,
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TABLE 1 _
Vessels and gears employed for exploratory bottom trawling off northeast coast of India

Particulars of vessel M T. Ashok M. V.Champa M.V, Meena M.V. Meena M.F.V Matsya
Jawzahar Shodak Shikari
OAL inm 254 143 17.5 17.5 39.6
GRT 917 3456 56.8 56.8 35256
BHP (rated) 240 165 200 200 1740
Gear Fish otter Fish otter Fish otter Fish otter Fish otter
trawl traw) trawl trawl traw!
Length of head rope (m) 15 14 24 24 34
Cod-end mesh size (mm) 40 30 50 50 50
Period of operation 1961-"70 1931="71 1973-'79 197 2-81 1980-'856
Area surveyed 16°-20°N 17°-18°N 15°-19°N 16°-19°N 16°-20°N
Hours spent in trawling 6259 6983 4366 4065 4276
Catch int 899 687 3359 303 688
Cph in kg 143.62 98.4 84.5 745 160.9
Fishing power 1.70 1.16 1.00 0.88 190

QAL = Qverall length; GRT = Gross registered tonnage;

Cph = Catch per hour of trawling.

On board the vessel, the catches wers
broadly categorised into six groups, namely, 1}
sharks & skates 2) rays 3) catfishes 4) prawns
5) miscellareous small and 6) miscellaneous
big. The scientists of the Visakhapatnam
Research Centre of C.M.F.R.I. further
subdivided these groups into genera and species
by collecting representative samples. In all,
the following 17 major groups/species were
considered for this purpose : 1) sharks & skates
2) rays, 3) catfishes. 4) mackerel, 5) ribbon-
fishes, 6) silverbellies, 7) threadfin breams,
8) croakers, 9) lizard fishes, 10} drift fish, 11)
whitetish, 12} grunters, 13) jacks (Carangids).
14) pomfrets, 15) goat fishes, 16} ‘other
perches’ and 17) miscellaneous fishes (Table
2). Tunas, thieadfing, sesrfishes, sickle lishes,
red snapper, barracudas, silver breams and
such other large varieties were clubbad under
‘other perches’, where prawns, crabs, lobsters,
cephalopods, soles, flatfishes, clupeocids etc,
comprised the miscellaneous fishes.

The entire region of  exploration of
81,684 km2 has been subdivided into 10" x 10
squares, each of 343 sq km (18.53 x 18.53 km).
These squares were designated numarically
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BHP — Braak horse power

(1-8) along the Ilatitude and slphabetically
(A-F) along the longitude Each gquare is
indicated by its latitude - longitude and the
coordinates separated by an oblique stroke.
Each ten minute square is taken as the unit grid
to demarcate the abundance of the resogurces,
Catch and catch rate (cph) are expressed in kg,
and effort in hours. The data from each vessel
were analysed square-wise for the entire period
of operation. The effort put in by the different
vessels has been standardized instead of inter-
preting the data vessel-wise as was done by
the previous authors.

M. V. Meena Jawahar,- among the five
vessels, was taken as standard as she operated
during the middle part of the period under study,
and was intermediste in QAL among the vessels
employed in the survey In view of the wide
variability in design, capability and efficiency
of the vessels and nsts, fishing power of
differant vesseis/nets could not be standardized
based on the length or horse power of the
vessels. Hence, the cph of the vessels based
on their catch and effort for the entire period
has been faken into aceount to compute thair
relative fishing power. Thus, considering the
fishing powsr of M. T. Jawahar as 1 the
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relative fishing powers of M. T. Ashok, M. V.
Champa, M V. Mesna Shodhak and M. F. V.
Matsya Shikari was estimated as 1.70, 1.'6,
0.88 and 1.90 respectively, Based on these
estimates the effort put in by each vessel was
standardized  For instance if M. T. Ashok
operated in a square for 5 hours, the standard
effort of this operation works out to (65 x1.7)
85 hours. Likewise it M. V. Meena Shodhak
operated for 5 hours in a square the standard
offort becomes (5 x 0.88) 4.4 howrs.  In this
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manner the entire fishing operations by different
vessels in each squars have been integrated to
obtain the tota! fishing effort expended, and the
catch rate arrived at. Depending on the cph
values for the total trawl catches the squares
were categorized as very poor (< 20 kg), poor
(21-50 kg). moderate  (51:100) kg), rich
(101-150 kg)} and very rich (> 150 kg) (Figs. 3
and 4). For individual groups of fishes, how-
ever, a lower scale was adopted eg. very poor
(<1 kg), poor (1.5 kg) moderate (6-10 kg),
rich (11-20 kg) and very rich (> 20 kg).

Data from squares, where the total effort

put in was 5 hours or less have not been
considered in this study.

Standing stock in each square is estimated
by the 'swept area” method (Guiland. 1965),
The size of the standing stock (B) is obtained
from the relationship :
CIF.A

a- X,
where,

=

C;F = the mean catch per unit of effort (cph),

A = the area of exploitation

= the area swept by the gear during one
unit of effart (one hour)

X, the proportion of fishes in the path of
the net which are actually retained by
the net. A value of X, = 0.6 as pro-
posed by Pauly (1979 and 1983) for
Southeast Asian waters is adopted
here,

The bottom surface area (a) swept by the

gear during a unit of effort is computed from
the squation :

amt.v.h, X2
where,

v = speed of the vessel while trawling

t = time spent for trawling

h = length of the trawl head rope

x, = fraction expressing the width of the
aréa swept by the gear, which isa
function of the length of the head
rope (h). The value of x; ranging
between 0.4 and 0.66 has been emplo-
ved in Southeast Asian waters with
0.5 as ths best compromise {Pauly
1979). Hence x, is taken as 0.5 in
this analysis,
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For computing the area swept (a)the
following values have been adopted :t = one
hour, v =2.5km, h= 24 km and x;, = 0.5,
Thus the area swept per unit time works out to
0.06 km:.

For computing standing stock (B) the
values adopted are : C/F = mean cph, A = area
of one square being 343 km?, a= 0.06 km? and
x. = 0.5.

The values of standing stock for the differ-
ent 10'x10’ squares surveyed have been added
up and the average value for one square was
obtained. Based on this, the standing stock
for the corrssponding 1°x 1° area along the
north east coast surveyed has been estimated
Thus the total value of standing stock for the
entire region was obtained by adding values
calculated for different 1°x1° trawied during the
period under report. The terms ‘square’ and
‘area’ used in the text refer to 10°x10° squares
and 1°x1° squares respectively,

The above procedure has been adopted to
estimate the standing stock of the bottom trawl!
ressources as a whole as well as for the indivi-
dual groups. The potential yield is reckoned
as 609, of the standing stock.

The catch figures of the various groups of
fishes mentioned in the text as 'present landings’
refer to the landings by all the craft and gear
mechanised as well as artisanal.

Three depth zones viz, less than 40 m,
40m-180m and bheyond 180 m are considered
for the depth-wise estimation of potential yields.
The latitude-longitude zones of 15°-80° to 18°-
85°, 19°-84° to 20°-88° and 21°-86° to 21°.88°
have been considered to represent the fishing
grounds off Andhra Pradesh, Orissa and West
Bengal respectively for the purpose of the
present analysis. The data from the explored
arasa inthe shalf have been exirapolated to the
entire shelf area.

RESULTS
Eftort

Effort expended by different vessels varied
widely. The quantum of effort expended in
different squares ranged from 1.1 trawling hrs in
18-86/A3 to 8640.4 trawling hrs in 17-83/C5.
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Out of the 160 squares explored, 24 squaies
wars fished for less than § howrs, 18 squares for
8.1-10 hrs, 47 squares for 10.1- 60 hrs, 20 sgua-
res for 50.1-100 hrs, 4 squares for 100.1-1000
hrs and 6 squares for more than 1000 hs.

Catch rates

The catch rates for the total resource (Figs.
3&4) in different squares varied from 1 kg
(16-82/E5, 17-83/C1) 10 377 kg (20.88/B5),
The categorisstion of squares in terms of
abundance is given below :

Very rich : 15-81/B5, 16-82/A2, E3; 18-84/A2,
D5, E6; 18-85/C 3, 19.84/C ; 19-85;A), B4, D4,
E4, F4; 19-86/A4, B4, BS, C3, 20-86/E1; 20-8%/
AG, B5.

Rich: 15-50/C1; 16-81/B6; 16 81/C1, DY, F2;
16-82/B2, B3, BS, C4, C6, D6, 17-83/B2, 8BS, E4,
F4; 18-83/F1; 18 84 A1, B!, B2, B3, C4;
19-85/A1, B2, C3, C4, D3, E3, 19-86/E6;
£0-88;C6, D6,

Moderate : 16-80/C2, E3, E4; 15-81/Ab:
16-81/E2; 16-82/CH. D2, F2; 17-82/D2, E1,
E2, F1, F2; 17-83/A2, A4, B4, C3. C4, C5. C6,

- D4, DS, D6 ES5, E6, F6: 17-84/A8, B6: 18.83/E1; .

18.84/C2, C3, D3, D4; 19.84/E1, 19.85/B),
B3, C2; 20-86/D1, F2;20-87/A2, C3, ES, F6.

Poor: 15-80/B1, C3;16-81/82, E1; 16-82/D5, -
E6; 17-82/Ct, F3, 17-83/B3, F5 ; 18-83/D1:
18-84/F6,; 19-86/A5, 20-87/A1, A3, A4, B4,
C4, F5.

Very poor: 16-82/A3. €5, F6; 16-83/A6;
17-83/81, Ct, C2; 18 85/B6, C6; 19-85/D1;
19-88/C6; 20 87/D2; 20 88/CS.

Standing stock and potential yeild

Standing stock of trawl fishery resources
varied from 1740t in area 17°-84° to 33.067 t
in area 16°-82°, The potential yield for each
areg of 1° latitude and 1° longitude are shown
in Table 2, The area surveyed in terms of kmz,
the potential yield of the total resource as well
as group wise breakup for each one degree
squares are also given in this table, The poteatial
yield varied from 1044t in area 17°-84° to
19844 t in area 16°-82° with the total estimate
as 1,560,918 t for the entire area of 81,684 sq km.
Howaevar, potential yiald per km? varied from
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TABLE

Arsa-wise potantial yields (t) of different

E;Eitudef 15-80 15-81 16-81 16-82 17-32 17-83 17-84 1883 18-84
longitude . U,
Area in km? 5848 2133 3882 9711 2519 7088 685 743 5?60
Potential vield 7831 5617 6869 19840 3157 10054 1044 1396 12318
t
Sharks & skates 365 48 497 637 11 386 58 101 677
Rays 203 121 658 1860 139 872 KA 100 710
Catlish 5561 683 1084 24395 274 21568 256 221 3411
Mackerel 163 134 128 2063 220 452 109 - 82
Ribbonfish 178 22 141 5587 6 163 — 17 556
Silverbellies 631 790 248 60 61 420 138 89 366
Threadfinbreams 1254 114 143 485 17 928 7 47 282
Croakers 349 1185 1032 2450 2N 1197 76 230 1997
Lizard fishes 2 — 12 89 73 260 78 23 134
Drift fishes 4 114 118 260 228 187 10 25 465
Whitefish 13 19 20 136 i Y] 96 8 39 170
Grunters 18 88 78 6548 123 214 4 133 620
Jacks 1436 663 1083 2630 364 437 47 57 765
Pomfrets 387 306 298 4656 72 147 8 19 100
Goatfishes 7 25 61 346 77 424 38 54 290
Other perches 820 192 385 707 74 261 1 83 608
Miscellaneous 1440 742 891 3508 8N 1752 165 158 1697
0.85 tin area 20°.87°to 3.37 ¢t in area 19°-85°, rich in 15°.81°/85, 156°-81°/C6, 16°-81°/B2,

the average estimate for the entire region

surveyed being 1.85 t.

1. Sharks & skates : Sharks and skates repre-

sented by Scoliodon spp, Carchathinus spp.
Sphyrné 8pp, Rhynchobatus spp, Rhinobatos

granulatus. R. variegatus and Pristis spp formed

16°-8

2°/86,18°-84°/D85, 19°-

85°/A1, 19°.

85°/C4.

19°-85°C4, 19°-85°/F4, 19°-86°/Ab. 20°-86°/E1,
2C°.B7°/E6 and 20°-87°/F5. In the other areas

the catch was
{Figs. 5 and 6).
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3
bottom trawl fishery resources.

18-85 19-84 19-85 19-86 20-86 20-87 20-88 11.86 21-87 21-88 Total

4116 730 6733 2879  27-28 9505 2744 686 7899 6174 81684
6607 1887 19312 9447 6987 8296 7157 1518 8511 14092 150919
260 115 759 727 802 1348 136 203 1383 268 9272
— 6l 488 204 70 317 124 17 325 245 8237
65719 860 8405 830 37 636 516 94 653 1015 29992
— — 1561 2890 — 334 116! — 343 2286 11826
- 20 53 21 27 43 53 7 43 104 1510
- 18 630 32 173 147 ~— 44 15) — 4641
— 1 730 182 13 402 1032 3 413 2033 8240
44 564 1279 1036 1170 611 1075 298 628 2116 17607

- 9 21 17 14 40 — 4 41 — 817
480 5 416 237 — 26 167 — 26 329 3097
_ 12 37 567 52 13 79 13 14 156 1478
— 56 605 409 22 74 36 5 76 71 3080
_ 79 914 433 368 310 1718 93 318 3380 15085
_ 26 194 122 389 388 56 98 - 398 110 3522
32. 3 52 40 64 20 - 16 21 — 1570
— 115 399 164 463 820 214 118 850 423 6607

72 224 2869 1577 1989 2766 790 506 2828 1566 26440

Potential yield estimates of this group  the catches. ‘Very rich’ grounds for rays were
varied from 58 tin area 17°-84° to 1383t in  observed in 16°-81°E1 and 16°-82%B3. The
area 20°-87°, The potential vield for the entire catch rate was ‘rich’ in 16°-81°/E2, 16°-82°/86,
atea was estimated as 9272t. As the present 16°-82°/C4, 17°_83°/F4, 18°.84°B1 and 18°-
average annual landings is aboul 7362 1, a 84°.F6. In the other squares they were
further 1910 t of sharks & skates could safely moderate, ‘poor” of very poor” (Figs. 7 and 8).
be harvested from this region.

2. Rays: Rays representad by Dasyatis spp, ) g wlw v wle e ey e wlw  w wo |
Aetomyleus spp. Aetobatus spp and Mobula ', 88YS 1o 1 4gd .
_diabolfus formed an important component of j |« . Uﬁ i
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Potential yield for the entire region was esti-
mated as 6237 t. It varied from 17 tin 21°-86°
to 1860 t in 16°-82°, The present annual
landings ofrays along this coast is about 2261 t.
Hence there is scope for harvesting an additional
3976 t of rays in this region.

‘Very rich’ grounds wers observed for catfishes
in areas 15°-81°, 16°-81°, 16°-82°, 17°-83°,
17°-84°% 18°-84° 19-84°, 19°-85°. and 19°-86°
Catfish catch rates were maore than 10 kg in
most of squares in the general area explored
Potential yisld varied from

{Figs. 9 and 10}.
941t in 21°-86° to 8405 t in 19°-85°.  Potential

3. fi . Fi i f catfishes v/z, . . ) .
Cetfishes: Five species o tishes yield for the entire region was estimated as

Tachysurus  thalassinus, 7. tenuispinis, T. - .
caslatus, T dussumisri and Osteogensiosus f?:{JQBSBZ t ‘_N:""'a rthe present Iandfmgs are only
militsris occur in the catches Only the first ; h ft :1" 'C? ing t\;’asht scope lor 6xpansion
two species form the bulk of the landings. of the fishery Tor catilshes.

A S N T T 4. Mackers! : Mackerel  are generally
£ —_— : - considered to be pelagic specias. Howsever, on

I many occasions, they were caught by these

exploratory vessels operating bottom trawls,
particularly in the northern latitudes. Rastrelliger
kanagurta formed the major species contributing
1o the landings with sporadic occurrence of
R. fsughni. ‘Very rich’ grounds for mackersl
were encountered in 16°-82°/A2, C6, E3; 17-

[y
3

ol 1R

" Tt
ot 83°/E5, 19°-86°/A2; 19°.86°/B4, BS, C5 ; 20°-
iy =T s 87°,C3 and 20°-88°/B5 while the grounds were
4 '.__._ =

rich’ in 16°-82°/C5, D6; 19°-86°fA4d (Figs. 11
and 12). Potential yield varied from nil in 18°-
83°, 18°.85°, 19°-84° 20°-86° and 21°-86°1to
2790t in 19°-86°. For lhe entire jegion the
potential yield was estimated as 11,826 t. The

o
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Fig. 9 : Distribution of catch rates {or catfishes in the . .
explored aress off Andhra Pradesh. present landings along this coast are only 5065 t
per annum indicating ampie scope toingrease the
landings of mackerel. The potential yield value
pl el v el w e e _a w1 i8I0 itself a gross underestimate since a sizeable
w LS N . . N
LATFiSn uoh i ag, ; pottion of this resource occwrs in the pelagic
w Y ¢ T R} realm.
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6. Ribbunfishes : Trichiurus lspturus formed
the major component of the ribbonfish catches
with occasional occurrence of T. russelli,
Lepturacanthus savala, L. gangsticus. Euplsuro-
-grammus muticus and E. glossodon.  Catch
rates were ‘poor’ in most of the squares
probably because of the large mesh of the
codend of trawinet and the low body dapth as
well as the pelagic habitat of this group.
Potential yield varied from nil in 17°-84° and
18°-86° 1o 557 t in 16°-82° (Figs. 13 & 14),
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Fig- 13 : Distribution of catch rates for ribbontishes in
the explored areas off Andhra Pradesh
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Fig. 14 : Distribution of catch rates for ribbonfishes in
the sxplared aress off Orissa and West Bangal

The potential yield for the entire region was
estimated as 1610 t. The present landings are
about 8545t along this coast. The lower
potential yield as compared to the actual
landings may bs due to the pslagic nature of
this group.

6. Silverbellies : Leiognathus bindus formed
the bulk of the landings and the other species
represented in the catches are L. dussumieri,
L. leucisus, L. splendens, L. equuius, Secutor
insidiator, S. ruconius and Gazza minut. ‘Very
rich" grounds were observed in squares
16 -81%/A5, B5, 17°-83°/B5 and 19°-85°/D4,
and ‘rich’ grounds in 15°-81°/B6, 16°.82°/C4
and 18°.84°%/F2 (Figs. 15 & 16), In the other
squares the catch rates were either ‘moderate’
or ‘poor’ or ‘very poor’. Potential yield varied
from nil in 18°-85° 20°-80° and 21°-88° to
790 t in area 15°-81°, and for the entire region
it was estimated as 4541 t. [t is pertinent here
to mention that the nets used are of large mesh
at the codend and most of the Leiognathus
species are small in size and hence escape
through the nets. The present estimate couid
therefore be much lower than the actual poten-
tial yield.
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Distribution of catch rates for ailverbellies in
the explored areas off Orissa sand West Bengel,

Fig. 16 :

7. Threadtin breams: Nemipterus jsponicus and
N. mesoprion constituted the bulk of the thread-
fin bream landings while N. defegoas and N. tolu
weore observed rarely. ‘Very rich’ grounds for
Nemipterus spp wers found in 15°-80°/C1,
17°-83°/B2, 20-.88°/C6 and 20°-88°/B5 and
‘rich’ grounds in 17°-83°/A4; 19°-8°/B4, C2,
C3, D3, 20°-85°/F1, 20°.87°/B2, (Figs. 17 and
18). Potential yield varied from ail in 18°-85°
to 2033 t in 21°-88. with the total estimate for
the entire region at 8240 t. Present landings
of threadfin breams along this coast ere only

€8

Fig. 17 ; Distribution of catch rates for threadfin breams
in the explored areas off Andhra Pradesh.
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Fig. 18 : Distribution of catch rates for thredfin breams
in tha explored areas off Qrissa and West Bengal

2348 t per annum and another 5892t can be
safely harvested from these grounds.

8. Croakers: Although about 20 species of
this group were observed in the catches, only
Pseudosciaena aneus, P. bleekeri P. axillaris,
P. sina, P. diacanthus,, Johnius carutte, J. macu-
Imta, Sciaena dussumieri and Atrobucca niba were
observed in commercial proportions.  Very rich
grounds for sciaenids were observed in 165¢-81/
A4, B5, C6; 16°-81°/C2,F2; 16°-82-/A2, B3, CS5,
17°83/F, 18°-84°(A2, C4, E6, 19°-84°/F1;
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fig 20 Disrriputen of Carch sates 1or Croakers i the
Explored area off Otgsa and Wast Baengal

Fig. 20 :

Distribution of catch rates for croskers in the
explored areas off Orissa and West Bengal.

19*-86*/A3, F4; 19°-86°/A4, B4, D6; 20°86°/E1;
20° 87°/E6, 20°-88°/A6 and D6. 'Rich’ ‘'moderate’
‘poor’ and ‘very poor’ grounds are represented
in Figs. 19 and 20. Potential yield varied from
441 in 18°-86° to 24601t in 16°-82° with the
total for the entire region estimated as 17607 t.
Prasent landings of sciaenids in this region are
about 16,965 t per annum indicating that the
resource has almost reached the optimum level
of exploitation.

BULLETIN 44

9. Lizardfishes . Saurlds tumbil, S. undosqua-
mis and S. gracilis constituted the bulk of the
landings with  occasional  occurrence of
S. longimanus. Saurids spp form: only a small
fraction of the trawler catches. Maximum cph of
9.0 kg was abserved 17°-83°/B5 In most of the
grounds the cph was less than 1 kg (Figs. 21 &
22). Potential yield varied from nil in 15°-81°,
18°-86°, 20°-88° and 21°-88° to 260 t in 17°-83°,
and for the entire region it has been calculated
8s 817t white the present landings are about

N
L3

Fig- 21 : Distribution of catch rates for lizerdfishes in
the explored sreas off Andhra Pradesh.
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69




1141 ¢t. 1t would appear that the stocks are
being fished beyond their potential.

10. Drifttish . Psenss indicus is the only species
of driftfish caught along this coast. "Very rich’
grounds for the species were observed in
19°-86°/C5, ‘rich’ grounds in 17°-82°/E1,
18-84°/C3, 19°%85°/A/2 and 20°-88°/A6 and
‘moderately rich’ grounds in  15°-81°/B5,
16°-824/C6, 15°-8°/B2, C4, D3, 19-85/B2, C3
and C4 (Figs. 23 & 24). In the other ereas
either the grounds aré ‘poor’ or ‘very poor’.
Potential yield varied from nil in 20°-86" and
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Fig:f23 : Distribution of catch rales tor driftfish in
the explored areas ¢ff Andhra Pradesh.
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"Ftg. 24 : Distribution of catch rates for driftfish in the
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21°-86°to 480 t in 18°-85° with the estimated
total for the entire region being at 3097 t. The
annual landings of this species are about B0OO t
along this coast indicating scope for five fold
increase in the landings.

1\, Whijtefish: ‘Veryrich' grounds far the
whitefish Lactarius /actarius were observed only
in 19°-86°/A4 and 'rich’ grounds in 18°-84°/B1,
B2, 18°-06°jB5 and 20°-88°;C6 (Figs. 256 & 26).
Potential yield from nil in 18°-85° to 667tin
19°-86° with the total being estimated at 1476 t
Presently about 890t of L. factarius is being
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Fig. 25 :

Distribution of catch rates for whitefish in the
explored areas off Andhra Pradesh.

W"J‘h,_.’.’.._‘&']"_‘_-_".._ﬂ‘.ln._ ® Moo i wrlu g
[T il ' . - ) MCi
WHITE FISH (eph in hg | H
clatfulba g
]
Bl b 3
S pwnonp wasipoue T,
E L 4 I 1
g H H
“' B« p y i *—H:«‘
@ wo.o e d [
Ey P BALALORE T d oy
[e] » > o
[ :
| -
! 0
] j N
" H
! * s
! L]
2
i " Jawe
I o o0
d
13 w
(g 3
H
-n; A [+ 1 ] 1 e
Wie £fa 8 ¢ B F rlap i D FE Flau B ¢ 0 £FJa B ¢ BEF
“‘i" - W e S ¢ gelus

Fié. 26 : Distribution of calch rates for whitefish in the
explored areas off Orissa and West Bengasl

‘CMFAI



landed annually alhong this coast showing that
there is a harvestable supply of 586t

12. Grunters: Pomadasys bhasts is the major
species of the grunters in the landings. P. macu.
Jatus was also observed in considerable quan-
tities. ‘Very rich’ grounds were observed only
in 16°.82°/B6, 18°-84°/A2 and 19°-86°,B4 were
rich (Figs. 27 & 28). Potential yield varied
from nil in 18°-65° t0 6201 in 18°-84° with an
estimated total for the entire region of 3080t
Since data for the present landings of this group
are not available separately, it is not possible to
$tate whether the group is over or underfished.
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Fig. 27 : Distribution of caich rates for grunterg in the
explored aress off Andhra Pradesh.
ol e T T G ¥

_ﬂ:_

[t aL Ct -
s
%"‘cﬁk’t:__o_:__g[‘t_h_f___-g__a_r___e THIE T o Ce|laF L O T L2
Lol W M‘llﬂ' w ”jw w L w "o
Fig. 28 : Distribution of catch ratys for grunters in the

sxpigted aress off Orisse and West Bengal.

BULLETIN 44

Jacks :  Although about 20 species of carangids
comprising trevallys, scads, horse mackerel,
king fishes, etc., were observed in the catches,
only three spacies viz , Carangoides malsbaricus
Dacapterus russelli and Meagalaspis cordyls con-
tribute to the bulk- of the landings. Very rich
grounds for carangids were observed in 15°-80°/

E3, 16°-81°/C1, D1, F2, 16°-82°/A4, B2,
18°-84°/82, 19°.856°/C4, 20°.88°/A6 and BS5,
while the grounds in 15°.80°C2 C3, E4,

16°-81°;B5, B6, C6, 16-81 A2, C2, E2, 16°-82°/
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Fig. 30 : Distribution of catch rates for |acks in the
explorad areas off Orissa and West Bengal.
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A2, B3, D2, D6, 17°-83°/B5, 18°.84°/B2,
19°-85°/A2, C3, E4, 19°-86°/A4, B4, 20°-86°/F2,
20°.87%,F2, 20°-87°/A3 and 20°-88°/C6 were
‘rich’ in this resousce (Figs. 29 and 30).
Potential vyields varied from nil in 18°-06°
to 3380t in 21°-88° with the estimated total
for the region at 15085t Presently about
5413 t of carangids are being harvested, indicat-
ing a harvestable surplus of 9672 t.

14. Pomirets : Pampus argenteus and Formio
niger are the main species with occasional
occurrence of P. chinensis. "Very rich’ grounds
for pomirets were observed only in 15°-80°/E4
while the grounds in 16°-81°/C1, 20°*-86°/E1

and 20°-87°/E4 were ‘rich’ in this resource
(Figs. 31 and 32). Potential yield varied from
nit in 18°-85¢ and 17°-84° to 4651t in 16°-82°
with the estimated total for the area being at
3622 1, The annual landings along this coast are
about 12370t. Since pomfrets are columnar
in habitat, bottom trawl may not be the effective
gear to capture this resource. The present analy-
sis anly helps to know the relative abundance of
pomfrets in different squares rather than their
potential yield.

16. Goatfishes : Upeneus sulphureus and
{. vittatus are the dominant species, Grounds
ware very rich for this group only in 17°-83°/C6
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Fig. 31 : Distribution of catch rates {or pomirets in the

explored aress for Andhra Pracesh,
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and F4, while they were ‘moderate’, ’poor’ or
‘very poor’ in most of the squares (Figs, 33 and
34). Potential yield varied from nil in 20°.88°
and 21°-88°to 4241 in 17°-83° with the total
for the entire region estimated as 15701t.
As the present landings of goatfishes are
about 985t the harvestable surplus is 585 1.

16. Other perches : Groups of fishes (belong-
ing to different taxa) that do not contribute to
the landings in considerable quantities individu-
ally are clubbed under this category. They
are rock cods, snappers, pigface-breams,
Threadfins, Seerfishes, bill fishes, barracudas.
silver breams, sickle fishes, humpheads etc.
"Very rich” grounds for such misceitanecus big
fishes were observed in squares 16-82/BS,
18°-84°{D5, and 20°-88°.A6, while ‘rich’
grounds were observed in 15¢-80°/81, E4,
16°-81°/C1, 18°-84+/E5, 19°-84°/E1, 19°-85°/D 3
20°-86°;D1, E1, F2 and 20°-87°/A3 (Figs. 35
and 36). Potential vyield varied from nil in
18°-85° 10 8501 in 2:1-87 with the total fo
the entire region estimated as 6307 t.

17. Miscetlaneous fishes:  Prawns, lobsters
crabs, cephalopods, clupeoids, flat fishes are
the main components of this group. Potential
yield of this group varied from 72t in 18--85*
to 35608 t in 16°-82¢ with the ftotal for the entire
area being estimated at 264401t. Howsver, the
estimates of potential yield of this group based
on the fish trawl catches may not be valid
since many of these varieties pass through
the nets used by these vessels because of the
big codend mesh size,

Further, groups like

clupecids and cephalopods are pelagic in habitat,
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Fig. 36 :

Distribution of catch rates for "QOther perches
in the explored areas off Andhra Pradesh
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STATE-WISE AND DEPTHWISE
DISTRIBUTION OF RESQOURCES

The present account is based on' bottom
trawling covering 809, 75.4% and 86.5% of
the she!f area off West Bengal, Orissa and
Andhra Pradesh respectively in addition to
around 1200 km2 off Orissa and 16,269 km: off
Andhta Pradesh explored beyond the continen-
tal shelf.

In shallow waters upto 40 m of the entire
region, the potentiat vield is 1,72 t/km2 between
A0 m-180 mit is 1.94 t/kmn? and beyond 180 m
it is 1.90 t/km2, Off Andhra Pradesh the potential
yield is more or less unitorm in the three depth
zones, whereas off Orissa it increases with
increase in depth (Table 3). The high figure
of 3.98 t/km? beyond the Orissa shelf could be
and artifact resulting from scanty sampling.

~ The poiential yield of demersal fishes on
the continental shelf {upto 180 m) olf the upper
east coast is estimated at 146,5021t. OF this,
the share of West Bengal is 29,312t, Orissa-
62,675 1 and Andhra Pradesh-53,515 t (Table 4)
Waters beyond the shelf were fairly wsl! explo-

red off Andhra Pradesh and to a much less
extent off Orissa,

In the entire region surveyed five areas of
good fishing grounds were encountered, These
are; 1) 15° N-81° E, off Machilipatnam (2.60
km?), 2) 16° N-82° E off Kakinada (2.03 t/km?),
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TABLE 2
State-wise and dspth-wise distribution of potential yields of bottom trawl fishery
resources in the areas explored

< 40 m depth 40180 m depth > 180 m depth Total area
* State  Areas Potential  Potential  Area  Polential Potential Area Potential  Fotential s Araa Paten,ial Poten-
explored yield sﬂiald;‘km2 explored yield yield Ikm?- explored vyield {1}  vield km= explored vyield (1) tiad
{(km?2) ) (1) {xm?) (D {t) {tkm2} () (km2) () km(t)

Andhia 10347 17487 1.89 15890 24763 1.81 16259 28492 .75 42506 74733 1.76
Pragesh

Qrigsa 11438 19536 1.1 11781 21762 2.36 1200 4778 3.58 24419 52085 2.13
West .
Bengal 9614 17035 1.77 5146 7088 1.38 - — — 14769 24121 1.63

Totat 31389 54057 1.72 32816 83591 1.84 17469 33270 180 81684 160919 1.85

* pistribution of latitude/longitude squares :
Andhra Pradesh : 16-80 16-81, 16-81, 168-82, 17-82 17-83, 17-84, 18-83, 18 84, 18-85,

Qrissa 19-84, 19.85, 19-82, 20.-86, 20.87 20.88, 21-86, 21-87, 21-88.
West Bengal : 21-86, 21-87, 21.88.

TABLE 4
State-wise projactions of bottom traw! tishery resourcas upto 180 m depth
Staies Area explorad Potential Total area Potential Present Remarks
' within ‘80 m yiald (t) W.thin yield it} demersat fish {Present yield vs.,
(km2) in explored 180 m depth  extrapolated landings (t) Potential yisld)
area {km2)  for the total area
Andhra Pradesh 26,237 46 240 30,365 53.616 67,433 Exceeds potential yield
Orissa 23,218 47.287 30,776 62,675 24,696 Far below the patential yield
Waest Benga! 14,769 2412 17,935 29,312 14,113 Far below the potential vyield
Ali states 64,215 117.648 79.076 1456 602 26141
TABLE 5
Potential yields (1) vs present landings (t) in the three states
Group Andhra Pradesh Origsa . ...West Bengal All three slates
Potantial yisld Present from the Present  Potential yisld Present Potential Present
irom fhe demersal axplored demersal from the demersal  yiald from  demersal
area landings araa landihgs explored landings  the axplaored landings
ares area from the
explored area
Sharks & skates 3534 5347 3887 1664 1854 451 9272 7362
Rays 4388 1671 1264 286 587 306 6237 2261
Catfishes 16852 3143 11378 4680 1762 4262 29992 12085
Mackersls 3351 4228 5846 824 2629 13 11826 5085
Ribbon fishes 1139 5816 217 919 154 2011 1510 8546
filverbellies 3346 6334 1000 705 196 65 4541 6104
Threadfin breams 34 1741 2360 607 2449 — 8240 2348
Croakers 8831 7487 §734 7878 3042 1802 . 17607 16985
Lizard fishes &7 936 101 250 45 — 817 1141
Drift fish 1891 500 851 - 368 — 3097 500
White figh 633 868 780 N 183 — 1476 890
Gruntars 1826 - 1102 — 162 - 30&0 —-—
Jacks 7472 4434 3822 1 3791 208 16085 5413
Fomfrets 1742 3974 11747 4134 606 4262 3522 12370
Boatfishes 1354 822 178 163 37 — 1870 EEL
Other perches 3o 11284 2176 1886 1391 734 6607 14004
Miscellanaous 11338 — 10216 — 4689 - 26440 -
Total Potentlal yisld 74733 — 52066 — 24 160919 -
Present demersal 77433 246856 14113 96141
landings
Pressnt pslagic 72241 21333 17412 111049
landings.
Totel tish landings 129674 45968 31525 207187
(P& D)




3) 18° N-84" E off Kalingapatnam (2.14 t/km?)
4) 19> N-85° E off Chilka Lake (3.37 t/km?)
and 5) 20¢ N-88- Hooghly river (2.61 trtkm?)

Potential yields in relation to the present
landings in respect of the 16 groups of fishes
in the three states are presented in Table 3.

GENERAL REMASKS

Potential yields of bottom traw| tishery
resources based on exploratory surveys are
presented. Analysis of data covers a time span
of 25 yeats (1961-1985), a geographical area
of 81,684 sq. km within 15°N-21°N and 80°E-
B8°E upto depths of 350 m. and the cperations
ot 5 of the 10 trawlers deployed for the survey.
The potential vield for the entire area is esti-
mated as 1,560,919 t,i. e., 1.85 t/kmz. in the
seven latitude zones from 15° to 21°N the vyield
is distributed as 1.60t, 1951 1.40t, 1.901,
3.30¢,1.40t and 1.60 t per km2 respsctively.
Thus the 19N (off Orissa) emerges as very
vich. The depth-wisa analysis also shows that
offshore waters off Orissa are rich with an yield
of 3.9 tikmz2,

While relating the potential vyield values
obtained in this analysis to the presant commer-
cial landings it should be borne in mind that
the commercial fishing is mostly within the 50m
depth. Fishes small in size (e. g, silverbellies),
io~ in body depth (e. g., ribbon fishes), less
in girth (e. g., lizardlishes) tend to escape
through the large meshas of the exploratory
trawl| nets, and thus not netted effectively.
Sharks being active and fast swimmers can
avoid caplure by the trawl nets. Thus these
exploratory surveys would naturally lead to the
under-estimation of stocks of these groups:
The survey employed fish trawl and not shrimp
wrawl. Hence, prawns do not figure in these
surveys.

Certain groups like ribbonfishes, whitefish,
jacks, (carangids), pomfrets and even mackerel
which normally occur in the column or even
2t the surface, nonethsless, contributed to a
substantial proportion of the exploratory trawl
landings. These tishes are more vulnerable to
and are regularly harvested by traditional gear.
Potential vields of these groups based on
exploratory bottom traw! surveys aone would
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therefore be under-estimates.  The regular and
constant contribution of mackerels and jacks
to the trawl landings in depths upto 180 m
speak of their abundance in offshore grounds,
presently beyond the reach of the tralitiona}
fishery, The present landings of the above
fishes tall short of tha patential vields which
are in themssives under-estimates. Obviously,
the actual stock are far in surplus and theare is,
therefore, considerable scope to expand these
tisheries.

On the other hand, the present tolal land-
ings too are under-estimated to the tune of at
feast 43,000 1, these being the fish discarded
at sea by the large trawlers engaged in shrimp
fishery. The fish are discarded due to shortage
of cold storage space claimed by the high-value
prawns.

The potential vyields are more or less
uniformly distributed in the thres depth zones
(<40 m, 40-:80 m and. > 180 m) off Andhra
Pradesh. Off Orissa, howaever, the yield increases
with increasing depth. West Bengal waters are
mostly shallow with average potential yields,
Of the three states Orissa with its wide
continental shelf holds promise for expansion
of tishery in tuture,

The potential yields estimated in the presant
analysis diffser considerably with thoss of
previous workers, Mitra (1973) estimited ths
potantial yield of the Andhra-Orissa coast upto
40 fathoms (F31 oparations from Visakhipatnam
Base) as 1.47 tftkm2 (5.1 tfsquare nautical mile).
This is refatively a low estimata.  Joseph ef a/t
(19/6) ar.ived at a sianding stock of 244,432
for an area of 56,635 km? i.e., 4.32 tjkm?
(Table Xi and Xl of Jos3aph et al, 1973).
Although these auihors have given potential
yields also, their standing stock figures may be
taken as potential yieids as they did not consider
the escapement factor of 0.5 as rightly pointed
out by Antony Raja (1980). Krishnamoorthi
(1976) aiso estimated potential vyields for
individual years tor the 10 vear period 1961-:70
and arrived at a cumulative potential vield of

251,209 45 t for all the 10 years. He too did
not consider 1he escapement factor (0.5).
Antony Raja (1980} failed to notice that

Krishnamoorthi's cumulative potential vyield
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value was for all the ten years and reckoned
it as the potential yeild.

Hence, Joseph ef al. (1970) alone could
be considered for comparison with the present
analysis. Their high value of 4.32 t/km?,
as compared to the present value of 1.85t/km?
is duse to the facts that;

1)} the area covered by Joseph ef a/,
being upto 40 fathoms, is more fertile
and less in extent as compared to the
area upto 180 m of the present study,

2) they have csnsidered 17.5 m trawlers
and M. 7. Ashok as the standard
whereas in the present study, the
effort has been standardized in respect
of al! the five vessels considared,

3) Joseph et al. (1970) reckoned the
trawling speed as 2 knots instead of
2 to 3 knots as mentioned in the log
sheets of M. T. Ashok.

4) They had assumed that M 7. Ashok
operated a 24 m otter trawl whereas
the net actually used in the vessel
was a 15 m otter trawl (Vide log sheets
of M T. Ashok),

5) they have not considered the escape-
ment factor of 0 6, and 6) for calculat-
ing the swept area they have taken the
entire length of the head rope, whereas
only 50%, of the head rope length is
generally taken 1o be area effectively
swept for stock assessmant purpase.

Sivaprakasam (1987) in his assessment of
demersal fishery resources of Indian waters,
points out that along Andhra and Orissa coasts
mackers! abound in the 70-200 m depths. He
has given the distribution of the dominant groups
of fishes in the diffsrent depth zones upto
500 m. The present analysis broadly confirms
his findings particularly respecting the abundance
of mackerel and columnar fishes in the offshore
waters,

Finaily, the present analysis brings out the
following salient points: 1) presently non-
demersal groups like mackersl and jacks, that
contribute 1o the bottom trawl| fisheries, also are
exploited by the traditional sector much below
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their potential and a good scope exists to har-
vest the surplus stocks, particularly in waters,
beyend 40 m depth; 2) the typical demersal
resources, like lizardfishes and sciaenids are
being exploited to the optimum level with
marginal surplus leaving no scope for Tuture
expansion; and 3) in the order of richness of
bottom trawl! fishery resources along the north-
east coast of India, Orissa ranks first followed
by Andhra Pradesh and West Bengal.
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Paper 10

THE CATFISH RESOURCES OF SOUTH WEST

COAST OF INDIA -

PROSPECTS AND

MANAGEMENT PROBLEMS

P. S. B. R. James, V. N. Bands, N. Gapinatha M2non and K. Balachandran
Central Marine Fisharias Research Institute, Cochin-31

ABSTRACT

The merine catfishes of the genus Tachysurus 1orm an important resource along Kersla-Karnatakm

cooast.
by trawlers.
of catfishas slong Kernataka coast.

Till eariy sevontios this resource was mainly exploited by indigenous gears end 10 o lesser extent
The sudden introduction of large number of purse seines brought in a boost in the production
This increase in the production was achisved exclusively by expleiting

shos's of brooders which fraquent the coastal waters for spswning in the monsoon and post monsoon

months,
due t0 poor recruitmsent,

massive purse seine operations in Karnataka.
in detail.

Tha exploitation of the brooders year after year has led to the declina in production, probably
Tha steady vield of catfishes aleng Kerale showed a decreasing trand after the
The possible extent and effects of this daclins are discussed
The yield trends of various species of catfishes by different gears at ths important fishing

contres in Kerala and Karnatska have been studied in the light of declining production, and destruction

of brooders.

This account s an attempt to establish the degres of destruction of broodars, spawners and

eggs’larvas along the antire coastal stretch, especially during September.-October pariod. An attempt has
besn made to suggsst suitable managerial measures to overcoms this situation, so that the maximum
sustainab’e yield can be achievad without affecting the spawning population snd thereby the stock.

INTRODUCTION

Marine catfishes of the genus Tachysurus
form an important componernt in the demersal
resources in the coastal waters upto a depth
of 80-125 m along the south-west coast of India.
Though there are some published accounts on
the biology and general fishery of some of the
important tachysurid catfishes from Indian
waters bhased on data from some selected cent-
res (Sekharan, 1973 a, 19736 Majumder 1977,
1978. Rao et al, 1977, Dan, 1977, 1980, 1986,
Krishnamoorthi, 1978 and Menon, 1979, 1814 a,
1914 b), a detsiled investigation on the status of
this resource over the years with emphasis on the
management and conservation measures, recruit-
ment, migration and potential available is still
lacking. The very objective of this account
8 to fill the above lacunae in our knowledge
on this resource. Anon (1817) covers various
aspects on the biology and fishery of important
catfishes from different centres with an assess-
ment of the stocks in the present fishing reg-
ions, The mass destruction of eggs'embryos
of Tachysurus tenuispinis and T. dussumisri
along the Mangalore region has been reported
earlier and accordingly the Karnataka State
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was advised to initiate restrictive measures to
save this resource from a calamitous decline.
However, the destruction stili continues and
anather species, 7T. serratus has also been
affected. Though catfishes are considered as a
ground fish resource, at least in some phases
of their life history, they ascend the column and
surface waters for purposes of feeding and bree.
ding. in general, catfishes prefer muddy grounds.
and the young ones moestly remain at the bottom
feseding on the epi- and in-fauna of such grounds,
As the fish grows larger and oldsr, thay ascend
the column and move towards desper waters.
All available informalion and observations show
that after attaining maturation they congregate
in large schools for breeding in shallow coastal
waters and remain there till the fuily developad
young ones are liberated. This habit of mig-
ration of schools of gestating males/spawners
makes them an easy target for many of the
gears operated in the coastal belt Such an
exploitation caused damage to eggs/embryos
in a small scale, when the sam2 was exploited
by more eoffective and machanised gears, the
devastation is manifold amaunting to high mor-
tality of eggsfembryas. The destruction is all
the more pronounced when the entire school

CMERI



of gestating males with ejgs’amb ryos/larvase in
their mouth are encircled by large purse-seine
nets. Such a situation may lead to severe set
backs in recruitment As catfishes have longer
life span, grow to larger sizes and the age at
first spawning is between 2 to 4 ysars in most
of the commercially important species, the
impact of such destruction on recruitment will
not be felt immediately. However, a continuous
destruction of eggsfembryos/larvae by very high
purse seine effort inputs will only add to the
cumulative effect on the mass destruction with
severe set backs in recruitment in the coming
vears. Since catfishes are migratory in habit, the
destruction of eggsfembryos larvae at any one
centre will have its impact at other places too.
Though the destruction mainly takes place along
Mangalore region only, caution will have to be
exercised to manage this resource after a
thorough and critical study of the total astimate
eggsfembryos/larval destruction year after year,

Though nothing concrete ¢an be said about
the migration pattern along the South-North
direction and vice versa based on the available
data, the coastward migration for breeding pur-
pose is proved beyond doubt. An attempt has
been made to interpret the South-North migra-
tion based on seasonal catch rate records from
various centres along Goa to Cochin. However,
only a detailed investigation by mass tagging of
various species, especially shoaling ones, alone
can give a clear picture of the migratory
pattern of this resource. This paper examines
all available data, information and observations
to suggest suitable management policies by
reducing the rate of removal of eggs/embryosf
larvae and alse to recommend methods and
new avenues to explore this resource to achieve
the maximum sustainable yield. The fishery
managers hasve to bear in mind the changed
conditions during the past few vyears and the
heavy fishing pressure on the coastal environ-
ment, before formulating policies to augment
production and conservation of the resource
by restrictive methods. However, the ultimate
management programmes should be associated
with maintenance of the resource,

DATA BASE

The primary data and information were
collected from important landing centres such
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as Cochin, Calicut, Mangalore and Karwar along
Kerala-Karnataka coast and Goa. Regular gesr-
wise, species-wise catch, effort, size and age
frequencies in the commercial fishery and other
biological parameters were collected from the
above centres during the period 1979-85 Past
data ‘rom Fishery Resources Assessment Division
as well as from various published works on
the subject were also utilised for the interpret-
ation and recommendations suggested in this
paper.

ANNUAL AND SEASONAL YIELD TRENDS

Annual catfish yield along wast coast alone
forms 709, of the total catfish catch of the coun-
try and the contribution by south-west coast is
549, in the catch of the west coast.  During
the 15 year period from 1971-1985, the catch
along the south-west coast varied from 8420
tonnes in 1983 to 37192t in 1376 with the
percentage contribution of 28 and 77.6 res-
pectively in the total west coast catch having an
annual mean of 20209t. This period showed
fiuctuations in the yield with high crests during
1974-75. 1879-80 and 1983 and with troughs
in between (Fig.1). There was a general
decline in landings in the successive years
which reached its culmination in 1985 inspite
of high effort inputs, both in non-mechaised
and mechanised sectors.
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Kerala ranke d first in ths catfish catch
among the maritims states of India with peak
catches during 1974.75; 197960 and 1983,
having a perfect correlation with west coast
landings. The caich gradually declined and
in 1985 it was at its lowest, being only 5170 t.
On the other hand Karnataka, though lagging
far behind tili 1978, showsad a boost in produc-
tion after the introduction of purse sainers,
But this situstion continued only for a short
period from 1979 to 83 and now here 100 the
fishery is showing a declining trend with catch
as lowas 1572 tin 1985, 2 condition similar
to early seventies. A review of the catch data
for the past 15 years indicates that the landings
in Goa do not seem to have been affected and
have registered a steady but slow progress with
only minimum deviation from the mean.

Annual state-wise figures show that the
fluctuations, though common, have not deviated
tar from the mean unlike some pelagic resources,
A critical study of the catch particulars of ditfer-
ent months at the fishing centres such as Cochin,
Calicut, Mangalore, Karwar and Goa amphasised
the need for proper mointoring and management
of this resource. At Cochin the annual yield varied
from a minimum of 426 t in 1985 to a maximum
of 984.9 t in 1931 with a general declining trend,
May to Qctober is the period of abundance
with peak during July-September every year.
Calicut ceptre also showed peak abundance
during 1980 (190.4 t) which declined to 281 t
in 1981. At Calicut the monthwise catch showed
a different trend with two peaks of abundance
in February, March and September-October. Tne
catch trend seen at Mangalore is also similar to
that of Cochin and Calicut with the minimum
catch of 6204t in 1935 and the maximum
of 6080 tin 1932, again showing a dowaward
trend. As in Calicut, at Mangalore the landings
have two major seasons, January-March, with
peak in February and September-November.

At Karwar the highast catch was in 1932
(817t) and the lowest in 1985 (261), with a
steady decline. The two peak periods of landings
are February-April and October-November. The
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catfish landing at Goa was almost steady with
fluctuations from 1151 tin 1980 to 2291 tin
1981, but with a ganera} increasing trand. Here
the main fishing season is from December-May
with peaks during March and December.

GEARWISE AND SPECIESWISE ABUNDANCE

On the south-wast coast this resource is
tapped by non-mechanised gears, such as gili
nets, hooks & line, boat seines, rampani and
yendi and mechanised gear, trawl. Monthwise,
gearwise and speciswise catfish catch at Co-
chin. Calicut and Mangalore are given in Tables
1-3. At cochin, Mangalore. Karwar and Goa in
addition to trawls purse seinses are also operated
for catching catfish. Four species namely
Tachysurus tenuispinis, T. dussumieri, T. serratus
and T, thalassinus are reprasented in the fishery.
‘Species abundance vary from centre to centre
and gear to gear. Monthwise catch rates and
gearwise CPUE at Cochin, Calicut and Manga-
lore are given in figs. 2-9.

TABLE 1.

Monthwise total catfish catch tonnes) at
Cochin, Calicut, and Mangalore.

Months Cochin Calicut

Mangalore

{1980.

(1981-1985 (1579.7985 1985

average) average) svergge)

January 18.5 45.1 217.0
February 12.0 62.5 126.8
March 14.4 28.7 183.1
April 15.6 20.6 132.8
May 83.0 18.4 555.1
June 176.1 4.6 06
July 123.0 4.0 —
August 87.9 17.4 —_
September 80.6 114.1 115.1
October 71.8 78.3 710.4
November 7.5 49.5 1181
Dacember 5.7 41.4 . 29585
Annual average 696.1 484.6 24655
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TABLE 2.

Monthwise and Gesrwise catfish catch (tonnes) at Cochin, Calicut and Mangalore

COCHIN CALICUT MANGALOHE
S S T T N A .

2 giy 273 -3 Ei3 (T3 $0% 338 %% ElE

§ £8% 38§ £33 £85 353 $5F  f5E I35 =5

= 6Z& =232 &=z 5T 3 s 3 2T 3 T x 3 ST a
January 16.7 - 1.8 17.5 13.3 16.0 78.4 76.7 63.7
Fabruary 8.8 — 3.2 8.5 20.7 34.9 50.0 582 26.4
March 9.7 1.2 3.5 3.2 7.8 17.8 811 110.6 21.6
April 31 128 — 1.8 5.8 13.8 71.4 7v.0 1.8
May 44 706 7.9 1.3 0.8 16.4 4274 84.9 0.0
June 329 143.2 — 0.6 0.0 4.1 — 0.9 —
July 82.7 403 — 1.9 — 2.3 - - —
August 81.5 6.5 — 58 — 12.0 — — —
Sept. 715 6.1 29 28.2 — 734 919 — 32.9
October 653 5.1 1.5 182 0.0 81.0 5677 — 79.0
November 6.4 1.1 — 10.3 0.8 39.6 44.0 99.2 33.6
December 48 14 — 125 1.4 28.4 3175 53.0  51.9
Annual average 387.6 287.7 208 109.8  50.6 3187 17290  560.7  309.9

TABLE 3.

All gear species wise monthly catfish catch (tonngs) at Cochin, Calicut and Mangalore

Cochin - {1981 - 1385 average}

Calicut (1681 - 1984 average)  Mangalore {1982 - 1985 aveiage)

] ":,’ 1 ] g . ' g .
5 & § % 2 4 § 8. 3 g s 3
$3 23 & 8z 33 &2 ;3 52 33 ¥ s s
~E W8 W WA WE KGO K KA WE K3 W wa
Jan 164 02 18 — 108 05 59 80 1370 187 9.4 60.5
Feb 98 01 20 — 245 — 20 93 416 71 296 676
March 137 03 03 — 132 —~— 04 115 698 1.5 4.1 100.
April 61 00 06 87 83 01 01 70 1267 — 04 56.3
May 174 214 53 388 97 03 07 50 7598 0.3 0 728
June 69 809 268 616 29 — 16 00 0.0 0. — 07
July 147 15656 414 512 09 01 1.9 00 - — - —
Aug. 273 130 270 205 56 09 08 8.1 R — - -
Sept. 16.6 323 221 107 135 10.6 40 675 28 14 107 1294
Oct. 120 328 254 15 84 183 1.9 43.4 1004 42 287 2229
Nov. 34 1.2 21 07 53 150 40 235 65 20 95 98.2
Dec. 42 00 04 10 70 25 25 1564 9.4 16 159 67.2
Total 1485 197.7 156.2 1947 1111 483 268 188.7 1252.0 46.9 1064 865.7
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Cochin: Purse seina operations at Cochin
commenced from 1980 but the regular data are
available from 1981 onwards., The annual
average catch by purse seines for 1981-85
period was 20.8 t with a peak during 1983 (56t}
and a sudden decline thereatter. The annual
picture of species abundance shows that 7.
dussumieri is most dominant with a percentage
of 651 followed by T. serratus (22.8%), T.
tenuispinis (11.0%) ard 7. thelassinus (1.1%}.

In trawl gear, the annual average catch was
287.7 t with the highest catch recorded in 1984

(536.51t). The species that rated first was 7.
tenuispinis (50.3%) with an average catch of
144.6 t. This is followed by T. thalassinus
(43.1%), T. dussumieri (6.1%,) and T. serratus
(0.5%,). At Cochin drift net is the most important
gear for the exploitation of catfish, with an
annual average catch of 387.6t and the landings
fluctuating from 256.4 to 624.7t. 7. serratus is
the important species contributing on an
average 1496t ({38.6%). next in abundance
being 7. dussumisri (30.4%). The share of
T. thalassinus and T, tenuispinis is 72.41t
and 48.0 t respectively with percentages 18.7
and 12 4,

The seasonal all gear catches showed that
June toc September is the peak period of
abundance with the highest mean valus of
151.6 tin June. Purse seines landed catfish
during February-May period and trawiers in
June and July with high catch rates. Orift
nets also showed a similar trand with peak
landings during July-October period with a
catch rate ranging from 28.2 kg to 32.5 kg.

In general, the seasonal catch at Cochin by
all gears showed two peaks, a minor one in
February-March and major in July-August. with
the aversge specieswise landing for 7. thals-
$8inus-197.7 v, T. tenuispinis-194, 7, T, sarratus-
156.2 t and 7. dussmieri-148.6t. There was a
gradual decline in the landings from 1981 1o
1985, without perceptible wide fluctuations in
the total yield. There were however, fluctuations

in the landings of individual species and the -

reduction in the catch of one species was

compensated’by “the hike in others, thersby

maintaining the balancs.

Calicuyt: At Calicut catfishes are exploitéd

mainly by hooks & line, which account for
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58.2 %, in the 9 year's annual averags catch
(318.7t}. The landings, during thesa years,
were aimost steady (2058 tin 1985 to 4786t
in 1980) with a high hooking rate of 66.3 kg to
105.4 kg/1000 hooks. T. tenuispinis js the most
abundant species (48.3%), the average mnthly
catch varying from 26 kg in June to 43.7 tin
Septembar. The peak period of occurrence of
T. tenuispinis is Saptember - Decemboar with an
annual average catch of 182.7 t. 7., dussumisr!
contributes 28 5 % in the totat catfish landings
and the catches vary from 162 kg in July to

12,4t in March, with an annual average of
834t and two peaks in February-April and
September respectively, T. thalassinus Is yet
another important species contributing 21.3%,.
The catches fluctuated trom as low as 34 kg
in June to 18.8 tin Saptember with an annual
average of 57.9t and peak landings are in
September-November. 7. sarratus is poorly
represented in the catches (1.9%) with an
annual average of 8.3t. Peak occurrance is in
June-July but the landings vary from 96 kg in
QOctober to 2.3 t in June.

A downward trend was observed in the
catfish landings by drift nets, with the highest
value of 217.4tin 193010 as low as 47.7 tin
1983. With an annual average of 10981,
commensurate with the increass in the landings.
the fishing efforts too increased till 1982 but
dacreased in the subseguent years with the
diminishing retutns. T. dussumieri is the
dominant gpscies with monthly average catch
varying from 0.3 tin Jun2 to 135t in January
and with two peak periods in January- February
and Septembar-Qctober. Wide fiuctuations
have been obsarved within the catch per unit
eftort (CPUE) from 7 kg to 33.8 kg with maan
value of 16.9 kg.

T. serratus is next in importance in the drift
net catches, the catch rate varying from 0.1kg
in April to 9.6 kg in October. The catches are
steady during July - Decembear psriod. T,
tenuispinis is yet anothar impoartant constituent
in the landings by. drift nats, with fairly high
catch rates in Septembar-October period.
T. thalassinus, though not so important is also

- recorded during August-October.

. The trawl fishery for catfish existed only
Lill 1983. [ts contribution in the total catfish
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‘fandings is 14.2%, during the period 1977-83
with an averaga annua! catch of 50.6. Maximum
.catch is recorded (163.41) in 1977 and the
'_lowest (6.81) in1982. The trawl landings are
exclusively comprised of 7. tenuispinis (CPUE
40 kg) with stray occurrénce of 7. dussumiari,
“January-April js the peak period of abundance.

The genaral seasonal wend noticed at
Calicut for catfish fishery. has two peaks, first
- one in February-March and the subsequent one
in September-October. Species like T. tenuispinis
and 7. dussymieri are dominant in the caifish
catch.

Mangslore: Purse seines at Mangalore
account for 72.8% of the all gear catfigh
catch from the coastal waters upto the depth
“of 40m. The purse saines were first introduced
at Mangalore in 1979 and their number multi-
pliad at a rapid rate till 1982. This aiso c¢oin-
cided with high returns. From 1983 onwards
the purse seine catches gradually declined,
resulting in the stabilisation of the effort inputs.
Presently over 400 purse seine units are in
operation in Mangalore region. The annual
average vield is estimated to be 1729.1 t with
the highest catch of 4286t in 1982, which
declined to 410 tin 1985, In 1986 there was
a sharp increase in the jandings to the tune of
3605 t. T. dussumieri was the maost dominant
species in the catches followed by 7. tenuispinis.
Though 7. thafassinus and T. serratus are not
represented in the catches in the early days of
purge saine fighery at Mangalore, thay are
caught in faitly good quantity in 1933 and 86
along with other two specigs. Ssasonal
estimates show that January-February and May
and Saptember-October are the peak pariods for
the purge seine fishery. Good landings of
T. dussumieri have been ecorded in January-
February and May, whareas, Septembdar- Qctober
cawches are exclusively of T. tenuispinis. T,
sgrratus has two peak periods in Feodruary and
October but 7. thelassinus occurs only in Sep-
tember-Qctober months.

The frawl gear contributes 17.3% in all
goears catfish catch . with an .annual
"average of 660.7t. The highest landings are

* The dsta providad by Shri €. Mathiah, M.R.C. of CMFRI,
" Mangasiore is greatly acknowledged.
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recorded {1194t} in 1983. The dominant
spacies contributing to the trawl catches are
T. tenuispinis, T. thalessinus and T. dussumieri
in the order of abundance. The gear is operated
from November to May with T, tenuispinis
representing the dominant species with two
peaks in March (82 9 t) and November (74,7 t).

Drift gill net’s share in the all gear catfish
catch is 10.2%. There was a steady decline in
the landings from 1981, 7. serratus is the domin-
ant specias (39%,) in this gear; nextin abundance
ts T. dussumieri (331.9%) followed by T.
tenuispinis (23.8%} and T. thalassinus (5.3%) .
Drift gill net fishery at Mangalore has fwo
peaks, February and September-QOctober. 7.
serratus is abundant in January and OQctober
and 7. dussumieri in February and Qctober.

The seascnal landing trtends at Mangalore
very clearly shows peak periods of occurrance
in February and September - October, Species
T. dussumiari and T. tenuispinis dominate the
catches at Mangalore.

Karwar: At Karwar the catfish fishary was mainly
supported by non-mechanised gears, like ram-
pan, yendi and hooks and line, and mechanised
trawlers ti)l early 1978. From 1979 onwards the
bulk of the landings were brought by purse
saines with a steady catch till 1982 and thereafter
the fishery declined. The catfish fishery at Karwar
has two peak seasons in Faebruary. March and
October-November and is dominated by species
such as 7. tenuispinis and T. dussumieri.
From 19813 onwards shoals of 7. ssrratus began
to appeoar in the purse seine catches. In the
aarly part of 1336 large quantities of just libe-
ratad juvaniies of 7. serratus were recorded in
the trawl and yendi catches,

Goa: Catlishas are gansrally caught in Goa by
rampansg, yandi, trawlers and from late 1978
onwards by purse seines tgo. Tha paeriod of
occurrence is from Dacsnber to May with peak
abundanca.in December - March, Data on
species-wise catfish catch from Goa region is
not available for drawing = conclusions on
species-wise abundance.

EXPLOII'ATION OF BROODERS AND
' SPAWNERS

Evar smce thb introduction of purse $aines
in Goa, Karnataka and Korala, tharo have bsen
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reports of large scale daestruction of gestating
males and to a smaller extent, female spawners
of catfishes.  The exploitation of brooders
existed even before the introduction of purse
seine by non-mechanised gears like bost seines
(Pattankolli vala), shore seines (rampan & yendi)
and drift gilt nets. But the quantum of destruc-
tion of eggsfembryos/larvae in the process of
harvest of brooders by these less seffective non-
mechanised gears was either only partial or
negligible. Such a destruction is inevitable
due to the fact that the brooders congregate in
shallow coastal belt (Figs. 10 and 11) and are
vulnerable to even indigenous gears. However,
this problem has altogether taken a serious turn
with the introduction of purse seines, which can
encircle the entire school of brooders, resulting
inthe removal of large quantities of eggs/
embryosflarvae from the nursery grounds every
breeding season, the season varying from
species to species. The purse seine when
initially introduced was received by the fisher-
men with jubilation on aceount of the high rate
of return. It is also true that this gear accounted
for a significant spurt in the catch of pelagic
shoaling fishes like oil sardine and mackeral,
But unusually heavy catch of oil sardine inripe
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Breeding grounds of Tachysurus dussumieri
along Calicut-Goa 1egion (stippled portion)
during December- March and Matchad portion
porrion indicate their abundace durihg
July-August.
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| Fig, 11. Bresding grounds of Tachysurus tenuispinis

along Cellcut-Gose region (stippled portion)
during Saptembar-Navembear and Matchad
portion indicate thelr abundance in June.July

running condition during the early part of June
points to the need for imposing restrictions, in
the interest of conservation of the resource,
The Government of Karnataka basad on a timely
warning from Central Marine Fisheries Research
Institute, had requested the purse seine owners
and other fishermen to refrain from catching
spawning oil sardine and mackerel especially
during May to August period.

The year 1980 witnessed another catastro-
phic event; the large scale landing of gestating
males of catfish Tachysurus tenuispinis from a
depth range of 25-35m, to the tune of about
528 t with an estimated 37.6 t of eggs/embryos
in their buccal cavity. Al this happened ina
period of two months from the end of September
to October from the Mangalore-Gangoali region
along the South Karnataka coast (Silas of a/.,
19890).

1t is well known that large scale destruction
of spawners of any species will have a dele-
terious effect on the recruitment and therefore
on the future fishery of that resource. 1tis all
the more evident in catfishes, whose fecundity
is very low with a single spawning in the year,
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Fishing of a school of gestating males accounts
for 1009, egg/larval mortality. More concerted
action fis therefore, required to conserve this
resource, than any other shoaling fish, where
the fecundity is very high with a high egg/larval

“natural mortality.  This fishery is not only
destructive biologically but also economically
wasteful, because the eggs/embryos landed have
to be discarded owing to lack of demand. More-
over, the gestating males are practically reduced
in weight with a very low flesh-bone ratio due
to their starvation for about twoe months during
the gestation period.

Species-wise catfish catch by purse seines
along the Mangalore coast shows that the
landings of Tachysurus dussumieri are at its peak
in December-March period and of 7. tenuispinis
during September-November, which coincided
with the peak period of breeding. On an average
as high as 16%, of the total purse seine catch
of October is composed of 7. tenuispinis and
12% and 6.99, in December and March res-
pectively of T. dussumieri. The average 7. dus-

sumieri catch during the four month period
of December-March is 1228.7 t forming 7.4%,
in the total purse seine catch of the same
period. The three months average T. tenuispinis
catch (September-November) is 1199t which
comes 10 6,8%, in the total purse seineé catch
of the respective period.

The estimated average landings of gestating
males of 7. dussumieri during December-March
months from Mangalore region, is 163.4 t which
forms 13.3% in the total purse seine catch of
this species for the corresponding period, Taking
into account the mean fecundity of T. dussumieri
as 140 ova (ranging from 108-16 ova) and the
average weight of a ripe ova as 2.6 grams (2.1
3.2 grams) the average snnual destruction of
eggs/embryos by purse seine along Mangalore
region is estimated to be 7.8 million eggs
waighing 19.8 1.

The average landing of gsestating males of
T. tenuispinis during the 3 months period of
September-November from the same region is
estimated to bo 500.6 t which forms 429, in the
total 7. tenuispinis catch by purse seine inthe
respective months, An estimation of the average
destruction of eggs’embryos of 7. tenu/spinis in
the 3 months period shows that 62 million eggs
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weighing 76 t are destroyed every year from the
Mangalore region, taking into account the aver-
age fecundity of the spscies as 50 ova (ranging
from 29-89 ova) with a mean egg waight of
1.2 grams (1-1.23 grams). Almost a similar
trend in the catch of gestating males as well as
egg/embryo destruction has been reported from
Malpe during the period September 1986 on-.
wards, Similar reports on the destruction of
brooders of 7. tenu/spinis have been reported
from North Karnataka region (Karwar) by purse
seine fleet during September 1982, The eggs
landed ontwo days. 23td and 2%9th September
1982 amounted to 3.9t. The gestating males
are caught from the region of 45-50 km north
and south of Karwar in the depth range of 20-30m
Itis also estimated that 4.3 million eggs of
T. tenuispinius are destroyed in this process

"(Dhulkhed ot 2., 1982).

There were further reports on the large scale
netting of schools of 7. dussumieri from shallow
depths ranging from 10-20 m by purse seine off
Mangalore-Hajmady region (Muthiah and Syda
Rao, 1986). The gestating males caught during
February-March period had as many as 100 num-

- bers of embryos of fully developed in the oral

cavity. The embryos were at [ate stage of deve-
fopment, the volk sac almost absorbed and the
size ranging from 40-75 mm, weighing between
2-4.3 gms. The size range of gestating males of
T. dussumiasri reporied was between §1-82cm
with a weight range of 1.7-5.4 kg. This obser-
vation is in conformity with the size at first
maturity of this species at 62 cm (after the
completion of 4 years) as reported by Vasu-
devappa & James 1980. Further, it is the size
at which they commonly occur along the coastal
wators of Calicut-Karwar region during the
period.

. Thus, of the two species facing the cala-
mitous situation of destruction of gestating
males with eggsfembryos/larvae year after year
along Mangalore-Karwar region, 7. tenuispinis
is most dangerously affected followed by
T. dussumieri. However, there are also reports
on the destruction of brooders of T, serrstus
from 10 m depth in the Karwar region.  All the
above reports and observations clearly show
the enormity of egg/embryoflarval destruction
caused year after year and point to an urgent
necessity to conserve this resource,
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MIGRATION

Catfishes which are essentially demersal
exhibit both vertical and horizontal migration.
The observation by the erstwhile Pelagic Fishery
Project, based on echo traces, shows that at day
time they swim down and settle st the bottom
in dense concentrations and ascend to the
¢olumn and surface waters during night and
disperse. The acoustic and experimental fishing
surveys along the south.west coast indicated
migration of catfishes in the southward direction
during monsoon months (Anon 1976), All the
earlier reports and present observations both
along east and west coasts show that schools
of catfishes from offshore frequent the very
shallow muddy coastal waters for breeding.
After the release of young ones they migrate
back to the deeper waters in the depth ranges
80-125 m. The Indo-Polish Industrial Surveys
(Anon 1987) have reported that the catfishes,
normally an important component in the offshore
catches, are almost negligible during September-
October. This is probably because of their
coastward migration for breeding during these
months.

A detailed study on vield trend and catch
rates from various centres along Goa downwards
shows that possible direction of migration is
towards south starting from north in December
and continuing southwards to Palk Bay along
the south-east coast. Large schools of 7. dus-
sumier/ have been reported in Palk Bay during
August-September (Menon, 1979, In general
catfishes have high catch rates at Goa during
December, at Karwar in January, at Mangalore
in February-March, at Calicut in March and at
Cockin during June-July. (Fig. 12). The
reverse migration commences somstime during
August-September period as demonstrated by
the high catch rates at Cochin. (September),
Cealicut (September.-Octobsr), Mangalors (Oct-
ober-November) and further north at Karwar and
Goa during November and December. This
high catch rates also probably indicate the
shoreward migration of the two major species,
T. dussumieri and T. tenuispinis during December
March and September-November periods respe-
ctively for breeding purposes,
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Fig 12. The probable coursa and period of southward
and northward migrations of catfishes along
south-west coast (Tha bold arrows indicate
the direction of movements).

MANAGEMENT OF RESOURCE

Important findings

The mein points which have an . important
bearing on the conservation, potential and
sxploitation of the catfish resources are given
below:

1, Bresding of marine cetfishes takes place in
shallow costal waters where the sea bottom
is mostly muddy.

2. After breeding, sexes get segregated and -
male brooders: move in dense schools in
the shallow coastal nursery grounds,

3. Large schools of less mobile brooders are

harvested en masse by purse seines along

~ Karnataka coast leading to mass destruction
of egg’embryos/larvae.

4. The coastal catfish fishery has been mainly
exploited at two slages, juveniles{subadults
and spawners/brooders,

5. Bottom sweeping by small trawlers along

the shallow nursery grounds during post
spawning months catch large quantities of
juveniles, ‘
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6. An asssssment of stocks off differsnt spec-
ies of commerically important catfishes from
various centres indicated that all species
except Ostaogensiosus militaris are now
under heavy fishing pressure with a high
rate of exploitation from the present fishing
area.

7. Marine catfishes are an important com-
ponent in the demersal resources in the
coastal waters upte a depth of 125 m with
maximum concentration in the mid-shelf
region from 50-80 m,

8. They exhibit both vertical and horizontal
migrations.

9. Catfishes exhibit diurnal vertical migrations;
during day time they settle to the bottom
in dense concentration and ascend to
column and surface and disperse st night.

10. Larger members of the species are abundant
in deeper water except during the breeding
months.

11. Acoustic-cum-experimental fishing surveys
indicate that the potential resource is rich
along the mid.shelf of the south-west coast
of India,

12. The need to expand and improve the use of
long-line at all depths, irrespective of
season is emphasised.

13. A shift in the predominance of one species
to another has been noticed at some cent-
res in the past few years,

14, Middy bottom with rich benthic fguna is
the best ground for catfish exploitation.

All the above tindings suggest the need for

suitable management programmes for conserving
the resource on the one side and augmentmg
the explmtatlon on the other side,

Conservetion

The fishing industry is aware that for a
judicious exploitation and conservation of the
resource, proper management programmes &re
necessary. But at the same time they do not
want Government intervention since the imple-
mentation of conservation meassures may lead
to set backs in the economic returns. Since all
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conservation measures are aimed to help sustain-
ed production, it is for the Government to step
in and enforce some rigid conservation measures,
both for biological and economic reasons.
In view of the enormity of destruction of eggs/
embryos of catfish which hardly fetch any price,
it is necessary 1o restrict the purse seine opera.
tion during the peak spawning periods February
and September-October along the shallow coas-
tal belt, extending from Calicut in the South to

- Goa in the north up to a depth of 40 m. The

justification for this restriction is to enable the
brooders to complete the gestation and liberate
the young ones. This will not only restrict the
egg/larval mortality by fishing but will also
allow the young onesto grow to larger sizes,
After the completion of the incubation, the same
resource can be exploited without causing any
substantial reduction in total vyield. In other-
words, the restrictive action is designed to
maximise the catch with an economic objective
but with a biological conservation policy.

Anon (1987) showed that most of the com-
mercially important species of marine catfishes
are at present under heavy tishing pressure,
except a single species Osteogeneiosus militsris
which has a very limited distribution along north-
west coast and some parts of east coast. The -
only solution to overcoms this situation is either
to reduce the fishing pressure or to increase the
size at first capture, Both are detrimental to the
general palicy of increasing yield -and against-
economic objectives, at least for the first few
years till a sustained state is reached. As the
very objective of the industry is the maximum
sustainable return in money, the tendency of the
industry will be to resist any type of restrictive
measures imposed by the Government. The
question is how and when to implement. It
should first be decided whether the short term
gains should take preference over the affirmed
policy of achieving a maximum sustained yield,
In the process of development we hava to satisfy
both the above needs, but without jeopardising

~ the resourcs, taking care to avoid the resource

being over exploited and by prevanting egg/larval

" mortality by fishing.
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To conserve the resource, which is sub-
- jected 1o over exploitation, some of the common
methods to reduce the fishing pressure are
closed season for ali or selected gears, limited
operation by selected gears, mesh regulation,
increase in the size at first capture and increase
in the hook gize etc.

A closed season for all types of gears
during February and September-October period
is an impracticable solution; since it will have
great set backs in terms of total yield and socio-
economic conditions of the fishing communiy.
Similarly, total ban on the operation of the
harmiul gears like purse seine will be totally
unacceptable to the fishermen, since this is the
time when they get maximum returns by
catching oil sardine, mackerel and other pelagic
schools which frequent the coastal waters
during this part of the year. Increase in the
mesh size and size of the hooks to increase the
size at first capture is meaningless as far as
catfishes are concerned, Because of their
barbed spines, even smaller catfishes may get
entangled in the {arger meshes of any gear.
Further, being scavengers by nature, irraspective
of siza, they will bite the bait from any size of
hook. Both the above restrictions have,
thersfore, only theoretical base and no practical
application in case of catfishes,

In order to conserve the resource and to
prevent it from over exploitation, there is an
urgent need to stop the exploitation of the
brooders by purse seines. Past experience
shows thgt the catfish schools can be readily
distinguished from other pelagic schools, by
skilled fishermen. To generate a willingness
among the fishermen to avoid such schools
duting the breading seagon, they should be
educated to make them aware of the grave and
critical situation which may result in the event
of the distruction of the brooders en masse.
Once the fishermen realise the implications of
the large scale distruction of the eggsfembryos,
the restrictions imposed on the operation of
purse seine can very well be suspsnded.
Howaevaer, such a ‘regulated inefficiency’ has to
be introduced and continued till the above
situation is remedied. In exireme cases of
violations punitive measures, such as stringent
punishmant in the form of fines and penalties
may have to be imposed on the errant boat
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"are already restrictions on

owners who land the brooders, disregarding
the restrictions. Entry for selected gears, such
as hooks and line, gilli nets and boat seines,
having less catch rate and thereby no harmful
effect on the brooding stock, is a more feasible
solution to minimise the egg/larval destruction.

Small scale mechanised trawlers operating
in the shallow coastal waters, sweep the bottom
ceaselessly day and night to harvest the highly
priced prawns. In the process, during the post
spawning months. huge guantities of juvenile

-catfishes, ranging in size from 70 to 100 mm

are caught. They hardly fetch any price. There
the operation of
small trawlars in shallow coastal waters, mainly
aimed to protect the juveniles and young ones
of prawns and fishes which are found there.
Very often thase restrictions are vioclated by the
trawlers to exploit the rich prawn varieties
which are found in the coastal region during
monsoon and post monsoon months. It is,
therefore, necessary to strengthen the vigilance
machinery for strict enforcement of the restric-
tions.

Resource potential

Eventhough the narrowness of the shelf of
the south west coast restricts trawling operations
to a much limited extent as compared with the
north-west coast, the catfish catch trend by
exploratory trawlers prove that there are rich
grounds for this resource. Bull trawling con-
ducted atong Cannanore-Cape Comaorin belt
during 19567-58 revealed that catfish forms 239,
in the total c¢atch in the Cannanore-Calicut,
reglon but declines further south in Alleppy-
Cape Comorin region (Tholasilingam et al.
1938), The erstwhile Pelagic Fishery Project
survay Indicated that off Kerala the catfish
abundance is at its peak during April-September
period, whereas the landings are high during
September-December period, Similarly, April-
September are the months of highast abundance
along Karnataka, while the peak |landings are in
January-March and September-November. Peak
abundance in the mid-shelf region at one period
and heavy fandings in another period is mainly
dus to the inaccessibility of this resourca by
traditional gears and less effective exploitation
by small mechanised gears in deeper regions
during tha monsoon months, when the stocks
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are in highest abundance. The highest estimated
average biomass is along the Kerala coast, to
the tune of 43800 tonnes. Further, the courss
of migration indicates that the bulk of the stock
remains off the Kerala and Karnataka coast for
a longer duration, (July-August) at a depih
range of 50-80 m (Rao et a/. 1977). These
findings give tremendous scope for the exploit-
ation of larger fishes from deeper water by
suitably deployving bottom trawls during day
and mid-water'pelagic trawls during night,
depending on the diurnal vertical migration.
For this purpose large and stable vessels
equipped with suitable traw! gears are to be
added to our offshore fishing fleet. In addition,
long lines and gill nets can also be utilised for
effectively tapping this resource,

The shoreward migration for  breeding
during January-March and September- Novem.
ber can also be effectively utilised for increas-
ing the rate of exploitation by increasing the
effort inputs of long lines, which have high
hooking rates of catfishes and at the samstime
leave the brooders unaffected. Further, after
giving dus allowance for brooders to complete
the gestation period and liberale the young
ones, the spent recovering shoals of males can
be exploited by purse seines. Probably this
can be achieved only after the breeding season
is aver, when thay begin their offshore migration
to deeper waters.

Only through planned and judicious
exploitation can the stability in production be
achieved without hampering the potential stock.
The excessive, wasteful and destructive fishing
effort expended and the resultant devastation
of eggs/embryosfiarvae at a few centres along
Karnataka or Kerala may have far reaching
effacts. as the resource migrataes from south to
north or vice versa. In order to augment full
production, the industrial fishery has to make
full use of the scientific knowledge available
on the biology and behaviour of catfishes
coupled with their availability in space and
time and vulnerability to various gears.
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Paper 11

MIGRATORY WINTER BAG-NET FISHERY IN
COASTAL WATERS OF THE HOOGHLY ESTUARY

B. N. Saigal, P. M. Mitra and H. C. Karmakar
Cantral Intand Capture Fisheries Research Institute Barrackpore, West Bengal

ABSTRACT

The migratory winter bag-net fishery is a typical featurs of the cossta) waters of the Hooghly
estusry. 4,000 man with about 800 bag-nets migrated from different estusrine areas and established

fishing camps in different islands during 1984 85 and 1985-886.

fishary accountsd for an

Thres and & half months seasonal

average estimstad fish yisld of 17,8721t forming about 719, of tha
totat fish yisld trom the estuary ss ageinst 297 to 33% sbout 15 yesrs ago,

An sverage cetch per

unit of effort of 152 kg was about 18 to 36 times that obiained In the upper #nd middle strstches and
about 3 timaes more than that 16 years ego in the lowar coastal waters. Harpodon nehersus, Trichlurus
spp., Pama pama, Setipinna spp. and different species of prawns dominated in the ¢atches. The bulk

of the calchas are sundried and exported to marketing centres.
the winter migretory bag-net catches have baen discussed.

INTRODUCTION

The river Ganges prior to draining into the
soa has given rise to an extensive estuarine
system covering the southern paris of West
Bengal and Bangladesh. This estuarine system
support important commercial fisheries of a

24

The reasons for tremendous increase in

number of fish and prawn species Thae portion
within the tndian territory in southern Wast
Bengal comprises the Hooghly-Matlah estuarine
system and has as its principal component, the
main channel known as the Hooghly river which
extends landwards for neatly 290 km from the
confluence of the river in the Bay of Bengal.
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The lower most portion of the Hooghly-Matlah
system constitutes the astuarine net work for.
med by the main channel, its distributaries
with their further sub-divisions and cross con-
nections which flow into the sea and give rise
to an extensive deitaic system in the process.
The estuarine waters cutting through and
adjoining this extensive deltaic region known as
‘Sundarbans’ support the richest fisheries in

the whole estuary contributing about 90Y%, to
the total [andings.

A unigue feature of the Hooghly estuary is
the migratory winter f{ishery consisting of
stationary bag-nets locally known as ‘Beenjals’,
Large number of bag-nets fishing parties migrate
from different areas of the estuary during winter
1o suitable spots near the sea face in the lower
zone of the estuary. Tha fishing parties establish
their camps and remain engaged in bag-net
fishing operations during end of Qctober to
early February, The fishery has come to be
known as migratory bag-nst winter fishery,
Duwing 1984-85 and 1985-86 two major ¢on-
centrations of such migratory fishing parties,
one on Sagar Island at the mouth of the
Hooghly estuary and the other around Fraser-
gunj, Bokkhali, Kalisthan and Upper and Lower
Jamboodwip complex were established. The
fishing camps so establishad are commonly
called 'Khunties’. The major importance of
the migratory bagnet fishery of winter lies in its
high share in the total landings from the |owsr
zone and from the whole estuary in recent years.
Investigation on winter migratory bag-net
fishery except the centre Sagar Island was
carried out and reported by Datta et. af., 1975,
But no information on this fishery is available
for last one decade. The analytical information
based on investigation and data collected during
1984-85 and 1885-86 winter and the important
characteristics of the fishery revealed by it are
embodied in this paper.

DATA BASE AND ESTIMATION PROCEDURE

An inventory of the total number of migra-
tory fishermen, their hoidings in terms of bag-
nets, boats possessed by each fishing party was
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undertaken prior to the commencement of
winter bag-net fishery operations and this was
done by visiting individual camps for eliciting
information.  Adopting a 4-day sampling
proceedure in a month based on direct
observations, information pertaining to totai
fish catch, catch per unit of effort and species
composition of the bag-net landings
recorded. The days of observation were selectsd
following a systematic sampling plan. Total
catch, effort input for the days of observation
were noted for all the camps at a site. For
ascertaining species composition, a few random
samplea from the catches from tishing camps
were examined.

An esltimated monthly total catch of a
landing site is

Ar..ﬁ‘_ ._‘8.(2‘: Yij

n ji=1

where Yij = total catch on jth day of the jth

fishing camp

N = Number of fishing days in a month

n = Number of sampling days selected
Similarly, an estimated monthly total effort of
a fanding site is

n
~_N T3 Xij
X7 n jiwel
where Xij = total effort on the ith day of the
i th fishing camp
So, the average C. P. U. E. of a

LN

estimated as C.P. U. E. = Y
N

X

landing site is

The different spots whera the fishing campa
~Khunties’ were set up on the western flank
of deltaic Sunderbans facing the ssa are shown
in Fig. 1. The bag-nst fishing parties from
different areas of the southern Wast Bengal
start migrating in the lower zone towards the
end of Octobar. Their migration is over by the
end of first week of Novembsr and they start
setting up fishing camps simultaneously. Each
camp consists of a fair amount of enclosed
area with a small hutment within the senclosure
and is used as a shelter and for stocking the
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I S S RESULTS

N
= Inventory: The fishermen population migrating

to various centres, the numbser of bag-nets
possessed by them, the number of mechanised
and non-mechanised boats put into operations
and the number of fishing camps set up in
1984 and 1886 winter fishery operations are
presented in Table 1. Each of the fishing camp
at Bakkhali, Kalisthan and Jamboodwip
complex had at least one mechanised boat.
During earlier years deployment of maechanised
boats was not resorted to for winter fishery
operations, Distribution of bag-nsts at different
centres according to size {No. of meshes at the
periphery of the mouth) is presented in Table 2.
Size of a bag-net is normally indicated by the
number of meshes at the periphery of the
mouth. The nets are classified as medium,
large and very large groups characterised by
‘800 to 1000°, ‘above 1000 to 1200 and ‘above

UPPER ZONE

Chomp

JAMBOO ISV DAKKHALI 1200° meshes at the mouth respectively.

BAY OF EBENGAL . Majority of nets belonged to the large group.

L . Except at Sager lsland nets operated at other
Pig.- 1 Map of Hooghly estuary showing centres belonged mainly to large and very largs

the fishing camps. groups. A very few smaller nets with less than

dried fish. The open space and the enclosure 800 meshes at the mouth were encountered at
are utilised for drying the daily catch. Sagar Island only.

TABLE 1

Centre-wise concentration of fishing camps, bagnets, boats, men engaged in winter
migratory bagnet fishery in lower estuary during 1984-85 and 1985-86

Centre Fishing camps Bdgnet Boat Men sngsged in fishing
1984-85 1985-86 1984.86 1986.86 1984-86 1985.86 1984-85  1986-86
Frazerganj 18 22 68 87 37(8) 46(10) 246 394
Bokkhali 19 13 110 76 §9(19) 35(10) 699 367
Upper Jamboo 21 19 137 131 62(17) 61(16) 741 898
Lower Jamboo 28 18 189 142 86(26) 63(20) 1366 889
Sagar !stand 83 82 243 287 103(2) 112(3) 777 812
Kalisthan —_ 19 — 121 — 60(19) — 597
Total 169 173 747 824 347(72) 377(78) 3729 3967

Figures in paronthesis indicate the number of mechanised boats
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TABLE - 2

Distribution of bag net, according to size (no. of meshes at mouth)
of winter migratory bag-net fishery during 1984-85 and 1985-86

Size {No. of meshes
«<§00

st mouth 800-1000 >1000-1200 > 1200 Not available Total
Centres 1984-85 §5-86 1984.84 86-86 1084-85 85 B6 1984.86 B85-86 1584-56 B5-B6 1984-85 85.86
Frazerganj — 2 6 8 25 16 37 61 —_ = 68 85
Bokkhali — — — — 39 5 1 ra - — 1Me 76
Upper Jamboo — — 2 - 35 — 29 131 —_ - 137 131
Lower Jamboo — — —_— - 45 — 144 142 — - 189 142
Kalisthan — — — — - — — 121 - _— — 121
Sagar 1sland 10 2 160 76 51 a9 29 %% 3 1 243 267
Total 10 4 158 83 196 120 380 618 3 1 747 824
Percentage of

total 1.34 0.48 21.16 1008 26.24 1456 50.87 7476 040 0.t 100 100

Contre-wise compatison in respect of total fish
yields and C. P. U E.: The total estimated
winter bag-net fish landings amounted to
19,639.5 and 17581.4 t with an average CPUE
of 133.4 and 169.8 kg in 1984-85 and 1985-86
respectively. Cyclonic storm and flood in

early winters of 1985 resulting in 249, less
effort input compared to 1984 was mainly
responsible for the decrease in catch during
1985.86. Thus despite higher CPUE wvalue in
1935-86 the total yield decreased by about 109,
The catch abundance at different centres is

TABLE-3

Centre-wise astimated catch(t) in Winter migratory bagnet fishery in
lower astuary during 1984-85 and 1985-86

1984-85 1986-86
Mid. Qct. & December January & Mid. Oct. & December January &
Centre Nov. 1984 19684 early Total Novembar 1986 sariy Total
Feb. 1985 1985 Feb 1986 .
Frazerganj 436.6 110.5 201.5 748.6 398.1 397.7 1921 988.9
(3.8) (5.6)
Bokkhali 1109.6 803.6 2137.2 4060.4 760.5 60711 586.8 1933.4
(20.6) (11.2)
Upper Jamboo 16791 11291 14872 43)5.4 17334 14438 1589.2 4172.4
(21.9) (27.1)
Lower Jamboo 3454.3 3150.3 34729 100778 3216.0 1151.2 104656 5413.7
(51.3) (30 8)
Kalisthan _— — - — 1275.1  1308.0 842.4 34235
(19.5)
Sagardwip 250.8 96.6 110.2 457.6 530.2 4938 855 1019.5
@9 (5.8)
Total 6930.4 5290.1 74190 196395 7924.3 653146 43428 17681.4
Figures in brackets indicate percentages to total sessonal harvest by the fishery.
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fairly consistent with the effort pattern. Among
the six centres, Lower Jamboodwip hes led in
vield followed by Upper Jamboodwip, Bakkhali
and Kalisthan (Tabie 3). The available effort
potential in the form of concentration of nets
at a centre has contributed in yield pattarn to
a large extent. However, the difference in
concentration of nets is not the sole cause of
differential vields at the centres which also
depends on the differential catches per unit
effort at the centres. This becomsas clear from
a comparison of vields at Bakkhali and Fraser-
gunj centres in 1985-86, the former contributing
almost twice the yvield with a smaller number
“of operating unit. The low vyield and CPUE
at Sagar lIsland the c¢entre which was
first covered during 1984-85 in comparison to
other centres may be attributed mainiy to the
deployment of non-mechanised boats and
smaller sized bag-nets. Thus with a heaviar
concentration of operating units the total yield
at Sagar Island is the least among the centres.

In terms of availability as measured by
CPUE, Lower Jamboocdwip, the centre with
highest average CPUE value of 2628 kg led
the other centres followed by Kalisthan,
Bokkhali and Lower Jamboodwip with average
CPUE ranging from 203.4 to 196.3 kg (Table 4).

Species composition . The bag-net catches
mainly comprise of small-sized fishes which
are carried into these nets by the tidal flow
and are unabie o escape out of the nets. One
complete bag-net operation usually consists
of the effective part of one full tide. The
species-wise landings of winter migratory bag-
net fishery at different centres during 1984-85
and 1985-86 are presentsd in Table 5. The
dominant species contributing to the fishary
wera Harpodon nehereus, Pama pama, Trichiurus
8pp.. Setipinna spp, Scisena biauritus, Coilia
spp. and different prawn species. These species
alone accounted for 79 to 829, of the landings.
Removals of these species by the winter migra-
tory fishery constituted over 909%, of the total
removals of the species from the estuary duting
the years. The size range of several species
with their mean size is presented in Table 6,

COMPARISON OF THE RESULTS WITH
PREVIOUS YEARS' DATA

The wintar migratory bag-net fishery has
a duration of about four months and formed
719, of the total landings from ths estuary
duting 1984.85 and 1985-86; whereas its
contribution to the fishery amounted to only
29 1o 33%, about one and a half decads back,

TABLE -4

Centre-wise C. P, U.E. {Kg.) in Winter migratory bag net Fishery in
fower sstusry during 1984-85 and 1985-86

e e .. 1084-85 1966-86 -

Cantre Mid. Oct & Decamber January &  Avarage Mid Oct. & OJDecambsr  January & Averags
Nov, B4 1984 eorly Nov. "85 1589 sarly
Fab. *85 Feb. ‘B8

Frazergan] 70.33 40.52 51.71 54.18 90.39 95.33 60.87 82.20
Bokkhali 113.92 205.25 27312 197.43 242,13  199.84 149.73 195,23
Upper Jamboo 173.04 178.67 101.27 151.29 276.03 252.62 21681 248.51
Lowser Jamboo 185,75 312.25 244.37 247.46 455.9% 195.18 123.32 258.14
Kalisthan - — —_ — — 246.84 24217 121.82 203.41
Sagardwip 8.67 9.43 322 1677 22.43 45.14 24.08 31,65
Average 110.34  149.40 140.63 133.43 222,268 111.2 116.06 169.84
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TABLE - b

Centre-wise contribution of domimant fish species and prawns in (t) in Winter
migratory bag -net fishery in lower astuary during 1984-85 and 1985 86

Mean size (mm) and range (mm) of some domi-
nant spacies in wintsr migratory bag-net fishery

Cantre-wise connibution to total catch fin 1) A
Nameg of the species Upper Lowsr Sagar Percentage in
Frozerganj Bokkhali Jamboo Jemboo Kslisthan Isiand Totel tote! catch
1 2 3 4 5 6 7 8 8
A :1984-85
Harpodon nehereus 161.2 707.8 976.6 1870.0 — 160.0 <8646 1968
Pama pama 1121 860.6 874.0 1366.6 — 10.0 32133 16.36
Setipinna spp. 160.2 434.9 727.0 677.9 — 42.3 20423 10 40
Trichiurus spp. 92,5 758.6 1401 37791 — 40.7 48110 24.50
Sciaena blauritus — - - — —_ 0.3 0.3 —_
Coilia spp. 30.0 169.0 186.1 217.4 — 8.7 601 2 3.06
Tachysurus jella 43 40.2 38.7 237.6 — 2.4 323.2 1.65
. llisha elongata 15.3 859 52.7 1767 — 0.7 330.3 1.68
Stromateus cinersus 1.1 — 5.2 -— —_ 0.2 6.6 0.03
Polynemus peradiseus 0.6 8.2 4.0 45.5 — 3.5 61.8 0.31
Prawns 94.3 229.2 376.1 727.5 — 107.9 1835.0 7.82
Others 87.0 775.9 9259 980.1 — 80.9 28499 1451
Total 748.6 4050.3 4305.4 10077.4 — 457.6 19639.4 100
B : 1985.86
Harpodon nehersus 283.3 627.7 11971 1420.9 1170 1919 4938.0 28.08
Pama pama 187.1 611.6 7332 11742 82741 20.8 3554.0 20.2%
Satipinna spp. 159.5 186.0 670.0 4474 318.2 834 1863.5 10.60
Trichiurus spp. 63.6 78.8 3540 628.7 161.4 1321 1408.6 8.0
Scigena biauritus 3.4 40.8 2429 953 1764 10.6 569.4 3.24
Coilia spp. 52.9 32.7 108.2 837 689 56.0 392.4 2,23
Tachysurus jella 24 245 77.0 74.9 26.1 18.3 2232 1.26
IHisha slongata 3.8 - 156.4 24.3 117.0 394 0.2 200.1 1.14
Stromaleus cinersus 1.0 8.2 44.0 47.2 6.8 0.9 1081 0.62
Polynemus paradiseus 0.2 0.7 3.2 6.4 1.8 0.3 12,6 0.07
Prawns . 45.8 58.7 370.6 283.4 165.7 3113 1216.5 6.92
Others 184.9 234.3 947.9 1054.6 481.6 193.7 3007.0 17.62
Total 9889 1963.4 47724 54137 34235 1019.6 17568i.4 100
TABLE .8 The current bag net fishery (1984-85 and

1985-856) is 8 times and 4 times more than
that of tha period 1964-85 to 1968-63% end

Species Mean size Range 1970-71 to 1974-75 jespectively, The fish
f:!a;bodon nehereus 217.6 80-340 @bundance in 1984-85 and 1985-86 winter
Pama pama 1164 20-280  bag-net fishery is also reflected by higher
getipfnna f’;“a :;gg ;g‘;?g CPUE which is almost 2.5to 3.5 times more
etipinne taty . - . . , .
Trfcl‘:iurus spp. 4149 180-700 than during the earlier periods (Table 7). This
Sciaena biauritus 62.5 31-100 tremendous rise may be attributed to mainly
gofaena mites 13253 gg';gg the deployment of mechanised boats, iarge
oilia ramearstj . - . .
Coilia bornensis 120.5 20-170 number of bag-nets under operation and invol-
Tachysurus jella 87.2 50-180 vement of larger numbar of fishermen in these
Stromateus cinereus 632;57 g(l)-ggo operations during the recent years specially in
Polynemus paradiseus 131. - Bokkhali and Jamboodwip (upper and lower
Ilisha elongate 166.8  101-270 P {upper )
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TABLE - 7

Comparative table of averags nets, catch and C. P. U. £ in winter migratary bag-net
tishery during the period 1964 - 65 to 68-68, 1970-.71 to 74-75 and
7984-85 to 1985.86.

Psriod Nets Men Catch C.P.UE. Average ¥

(no.) (No.) {t) (kg) gantribution to

total annual catch

of the estuary
1964-66 to 68-69 299 1120 2316.1 62.30 286
1970-71 to 74-75 289 1078 41562.8 71.26 32.7
*1984-85 10 85-886 530 3049 17871.9 181.98 70.0

* Excluding the centre, Sagar Island as it was not covered in earlier periods
DISPOSAL AND MARKETING OF CATCH The fishermen have 1o incur relatively

The catches landed during the season are
mostly sundried except the economic species
like HHsa, Hilsa ilisha, Polynemus paradiseus,
pomfrets (Stromateus cinereus) etc.. which are
janded in comparatively smaller quantities
and are sold out locally to tfish merchants
in the area. The dried fishes stacked in the
camps are periodically sent by boats 10 the
marketing centres mainly to Uluberia from
where further distribution to other markets
takes place through dry tish traders.

DISCUSSION

The high rate of harvest of fishes by bag-
net fishery is mainly due to the abundance of
ditferent fish species. This in creased abundance
may be dus te winter blooms of plankton
causing a fesding migration of fish and prawns.
This induces migration of their predators as
wall. Large amount of organic matter, detritus
and other washed off materials which are rich
in nutrients are deposited below the mouth of
the estuary during monsoons by the heavy
inflow in the streams during that pericd.  This
brings about major food chains by inducing a
rich growth of phyto-plankton during winter
months. Such conditions are highiy prevalent
in the shallow sea-face regions of the bay
were the migratory fishery operatss.
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heavy expenditure for sustaining themselves in
these ramote places. Howsver, there are
soveral factors which make this migratory bag-
net fishery an economical venture.  Prevailing
calm weather conditions during winter in the
extrems lower stretches of the estuary at the
sea-face are highly favourable far the operation
of stationary bag-nets. These conditions
continues till the onset of south wind which
start about the middle of February making the
soa rough and the operations of these nets
difficult and unsafe and the fishery comes 10
an end. The availability of fish vulnerable to
bag-nets duting November to January inthe
lower zone is much higher (18 to 36 times)
than the average availability of fish in the uppsr
and middle zones of the estuary during the
whaole year. In the upper and middle zone the
average catch per unit effort remains about
092 to 7.27 kg during the ysar whereas in tha
winter fishery it ranges from 1677 to 258.14 kg.
In upper and middie zones tishing during ail
the tides is not a regular feature whereas in
the winter migratory fishery increasing the
fraquency of operations of nets is the general
tule adopted.

Such a largs scale drying of fish is not

noticed in this estuary except at the migratory

bag-net fishing centres in winter. The fishery
is the mainstay of the important dry fish industry
of the Hooghly estuary and supports a large
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number of people directly or indirectly. Although
some of the species which are caught in high
abundance like H. neherus, Trichiurus spp. do
not have much demand as fresh fish in the
markets, there is 8 good market demand within
and outside the country for the dry fish which
are caught in appreciable quantities.

The impression that the winter bag-net
fishery might have continued beyond the winter
months but for the onset of the south winds,
is not likely because of a number of conside-
rations. The catch per unit of effort pattern
indicates appreciable fall in February in respect
of all the species and a similar situation is
noticed in respect of the total catch also
indicating that the margin of profit wiil fall
appreciably in near future. Besides, the in-
creased abundance of fish and prawn on
account of plankton blooms setting in feeding
migrations of fish and prawns, is also likely to
deciease in the coming months, thus bringing
about an end of the migratory bag-net fishery
in the lower Hooghly estuary,
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THE SHRIMP RESOURCES OF THE COASTAL
WATERS OF KERALA AND THE
EFFECT OF MECHANISATION

M. J. George
Girinager, Cochin

ABSTRACT

The sxploitacton of sheimp resources in the coastal waters of Kerals by mechanised and traditionat
sectors together i limited to the 89 m depth zone in the continental shelf. Indications are that the
shrimping grounds inside this dapth zons all slong the coast are being axplolted te the maximum laval,
possibly by 8 combination of sffort from the two sactors. except perhaps & faw areas which are
unreachable from the existing port fecilitiss by the small mechanised vsassis capable of only single
day operationes.

The trend In shrimp production right from the time of initial introduction of mechanisation
using the shrlmp wvawis in the fifties through 1935 has besn studied to asssss ths resource situation
from &n overall total ahrimp production view paint as well as the part pleyed in the production by the
two gactors. The totel production which was less than 15,000 tonnes before the introduction of
mechenisation rose up to the maximum of nearly 856,000 tonnes in 1973 and thers sfter declined to an
average of 30 to 40 thousand tonnas in recent years with fluctustions. The analysis of production data
from important centres of fishing opsrations also shows 2 similar trend. Thus it is becoming mors
and mora svident that a decline and stagnaetion has get in as far s the shrimp fishery of the coestsl zone
is concerned, inviting urgent measures for conservation of fishsry in the area,

A comparative study of shrimp production date of the traditionsl sactor and the mechanised
ssctor shows thet whils the catches of the former decressed considerably, that of the latter incressed
over the years, resuiting [n the present conflict between the two sectors. This raises various
managemsnt problems for the fishery and soms of tha management measures which could be adopted
with reference to the totsl fishery es wall as the fishery at important centres are discussed.

INTRODUCTION The stagnation in production of the resource
may be brought about by varicus reasons,
among which may be mentioned limitation in
the available resourcss, indiscriminate input of
increasing effort in the fishery, variations in the
environmental factors etc. A combination of all
these factors o1 any one of these may be the
causative factor for the decline or stagnation in

production level. Addsd to these both mecha-

it is a well known fact that the major part
of the shrimp productlen in India comes from
the west coast and in this 8 substantial portion,
contributed by the south west coast, is from
Kerala coastal waters. In order to meet the
insatiable demand for shrimps from the export
industry all possible measuras are heing explored
for the maximum axploitation of the shrimp

resources in these coastal areas. Mechanisation  "ised and traditional sectors operating side by
of the fishery and shrimp trawling is the most side and exploiting moré or less the same
resources makes the situation worse., Therefore

important development for this increased
exploitation of the resources. Shrimp trawling
has, no doubt, contributed to a conspicuous
increase in production over a decads. However,

a detailed analysis of the trends in production
over the vears, especially with reference to
mechanisation is nacessary to decide about the

in racent years the indications are that a stage
has been reached where the total production
is not showing much of an increase, but staying
almost at a stagnant level,
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proper management measures 1o be taken in the
maintenanca of the fishery at the optimum level
and the present contribution is an attempt in
this direction.
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CATCH N 000 TONNES

TRENDS IN PRODUCTION

The shrimp production in Kerala State which
was less than 15,000 tonnes in the years 1953
and 1960 rose to nearly 85,000 tonnes in 1973
and theroafter declined and in recent years it
averaged, between 30,000 and 40,000 tonnes.
The trend in triennial average catch shows an
increase of little over 10) 9, from 1859.61 to
1974-76 (Fig. 1). After this there is a decline
in the percentage increase from the 1958.61
base level by 30 9%, in 1983-85. From the year
1976 to 1985 the catch has declined from the
level of 1973.756 and a stagnation with minor
fluctuation from year to year at about 35,000
tonnes is noticed.
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While analysing the production trends of
shrimps of Kerala State it has to be bourne in
mind that two sectors are operating side by’
side in the coastal waters, namely, the mecha-
nised sector and the  non-mechanised or
traditional sector, more or less exploiting the
same resource. The production of shrimps of
both of these sectors needs to be considered
separately in order to understand the problems
in the fishery. The mechanised traw! fishery
is concentrated mostly along centres where
tanding facilities for small boats are available
along the coast and the artisanal fishery is
operating in all areas of the coast. From the
details given in Table 1 it is clear that Neenda-
kara is by far the most important centre along
the Kerala coast where the maximum quantity of
shrimp is landed by the mechanised trawl
fishery. The fishery limited to the monsoon
months June to September is constituted by a
single species, namely Parapsnasopsis stylifers
(Karikkadi Chemmeen} and contributes to
nearly 80%, of the total shrimp production of the
state in the mechanised sector,

The species composition and other biologi-
cal features of the resources are well documented
(George, 1961, George et &/, 1963; Kurup &
Rao, 1975; George etal, 1980; George et a/
1983; Alagaraja et 8/, 1986 otc.). Therefore it is

TABLE 1.
Shrimp catches at important shrimp traw! operation centres of Kerala from 1370 to 1984

Cantres Total shrimp
Nesndakara Cochin Calicut Other catch of

Catch Catch hour Catch Cateh/he Catch Catchfihe contres catch  traw! nets

Yeor {Tonnas} in kg Tonnes in kg {Tonnes) in g Tonnes) {Tonnes)
1970 1,845 12.6 2,200 22.0 1,300 18.1 4.430 9,745
1971 11,024 39.8 3,850 6.1 1,030 11.8 3,220 18,104
1972 11,267 234 2,150 11.7 200 11.4 3,810 17.427
1973 45,4717 828 8,000 21.1 625 8.3 6,925 59,027
1974 27,764 33.7 3,900 11.6 420 7.0 5,720 37,804
1975 53,750 426 7,200 20.9 570 1.7 7.280 71.800
1976 14,993 2719 2,800 10.0 235 2.8 1,672 19,700
1977 24120 18.0 5,300 14.0 340 4.1 4,449 34,200
1978 33,143 13.7 2,162 4.0 230 4.4 3,353 38,886
1979 14,582 201 3,350 9.4 33 4.9 6,260 24,512
1930 36,608 431 3,500 12.9 380 6.8 5,723 46,161
1981 9,399 17.7 2,550 47.5 112 39 4243 16,305
1982 9,425 16.2 2,957 16.3 017 32.2 8,733 - 20,977
1983 8.174 123 3,977 222 275 9.2 10.673 - 23,099
1984 14,675 19.5 2,367 16.2 214 9.9 7,825 24,97
BULELTIN 44 103



not propasad to ga into thass datails in thy pre-
sent contribution. Howavsar, it may be mentioned
that among the five specias contributing to the
shrimp fishery in gansral in the coastal waters
of the State, a shift in the dominant species
from Mastapenasaus dobsoni to Parapenasopsis
stylifera has been noticed in recent years. Also
thers is a gonoeral trand of more of smaller sizes
of these shrimps coming into the fishery
racently in all the Centres where the mechanised
boats are concentrated.

PRODUCTION IN MECHANISED AND
TRADITIONAL SECTORS AND THE EFFECT
OF MECHANISATION ON THE FISHERY

The origin of mechanisation in- the shrimp
fishery of Kerala State may be traced back to
the early fifties when the Indo-Norwegian
Project was established at Neendakara in Quilon.
Initiaily the traditional nets of the fishermen
like the drift neis and gill nets were opoerated
from small vessels with inboard engines. In
due course small shrimp trawls opsrated from
the 25 fest bosts with 16 hp engines brought
in big catches. Slowly private indusiry and
entrepreneurs came into the picture in different
areas of the coast and the mechanised trawl
fishery came to stay in Kerala State. Wih the
increase in catches of shrimps by these wvessels
every year more and mord of thase small
mechanised vessels were introduced into the
fishery and at present nearly 3,000 such vessels
are enumerated in these coastal waters,

A comparative picture of the shrimp fishery
of the traditional sector and the mechanised
shrimp trawl fishery in Kerala may be sesn in
Fig. 2. Over the years side by sida with the
increase in shrimp catches by the shrimp trawls,
a gradual decrease in the shrimp catches in the
traditional sector is vary much evideat., This
reduction in the shrimp catches by the traditional
sactor in the overall shrimp fishery of the State
is all the more conspicuous when the percentage
contribution of the traditional shrimp Fishery to
the total shrimp catches is considered. it fell
from 96.59%, in 1962 to an average of 15.5% in
1977-80 poeriod and 24 2% in 198J)-85
period. From this the natural conclusion which
follows is that the mechanised fishery has
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Fig. 2. Comparlson of shrimp productions of the
two sectors from 1961 to 1986,

adversely affected the traditional shrimp fishery
of the State.

It we look at the figures a little closer it is
clear that upto the year 1970 it is the production
from the traditional fishery which is dominant
and after 1970 the production by the mechanised
trawi fishery dominates. From 1970 there is a
sudden boost in the total catches contributed
mostly by the phenom®nal increase in the
catches of the machanised trawl fishery, as
indicated in Fig 1. The reason for this is that
it is in 1974 the shrimp trawl fishery at Neenda-
kara was located and the suidsequant few yaars
show very high production from this Centrs,
which is reflected in the total production
of shrimps (Table 1). Hawzvar, it is noticed
that by 1930 the produstion from that Ceatre
goses down considerably, wihich again is reflectad
in the overall production. Still the dominance
of the mechanised fishery in tha total shrimp
landings parsists, although the total shrimp
catch has declined an3d reachad the leval of tha
pre-19790 period,

Two important points emargs from the facts
mantiongd ajova. Firstly, in gandal th? total
production of shrimps from Kerala coastal waters
has decreased considarably in tha past few
years. Secondly, while the produstion of shrimps
by the mechanised traw! fishary has in:reased
and eventually gone down in recant years, the
production of shrim3s from th3 traditional sector
has dateriorated considarably ovar the years. It
would appear that the shrimp traw! fishery of
the coastal waters has prospared at the expanse
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of the catches of the traditional tishery. This
i8 quite understandable since both the fisheries
are based on the same resource from more or
less the same grounds.

DISCUSSION

These disturbing tendencies in the shrimp
production of the State raise serious manage-
ment problems for the fishery and at the moment
this is the most important aspect requiring
sttention of the fishery administrator and
manager, the situation becoming all the mare
serious as the two conflicting interasts are
showing up the ugly faces of fights and quarrels
between the two sectors, The position here is
that the traditional sector is also growing up
side by side with the mechanised sector.
According to the census conducted by CMFRI
{1981) and quoted by Thankappan Achari (1986)
there is a rise of 639, in the total number of
fishermen (of which the major portion is
engaged in the traditional sector) from the
census conducted in 1961/62. There is also a
rise in the number of traditional crafts including
catamarans, dug out canoes and plank builg
boats from 11,480 to 26,27 | numbers, indicating
the phenomenal growth in the sector. The only
proper management solution for the problem
seems to be limiting the areas of fishing grounds
for particular fishery and also limiting the input
of effort. This is what the State Government
was trying to execute by the Marine Regulation
Act, limiting depth zones for operation of the
vessels of the two sectors. The conssquent
developments involving conflicts between thse
two sectors, the setting up of the Babu Paul
Commission and later the Kalawar Commission
and their reports in 1982 and 1986 respectively
are well known,

Among the many reasons which could be
- attributed to the decline in the catches of both
sectors the most important seems to be the
limitation in the shrimp resources in the inshore
coastal waters of the State. Along these coastal
waters almost all the landings are from within
the 50-60 m depth zone. Even in this depth zone
the most productive areas are within the
25-30 m depth region according to reports
available (George ot al., 1983), Reoprts from the
recent research eruises of research vessels as
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well as exploratory fishing operations indicate
the same results, The crafts and gears of both
mechanised and artisanal sectors, therefore,
operate in more or lass the same areas in which
the resources are available and the more efficient
gear for catching the bottom living shrimps
obtain better catchas.

All these things point to the necessity for
developing a sui{able management policy which
would ensure profitable shrimp fishing operations
for bath mechanised and traditiona! sectors side
by side. Among several conservation measures
available for managing a fishery a combination
of two measures seems to be best suited for
proper management of the shrimp fishery under
the circumstances described. The two measures
are temporary closures of the fishery during
certain months and limitation of input of
effort along with sepecification of areas of
operation for particular sectors.. As far as the
shrimp trawl fishery of the mechanised vessels
off the coastal waters of Kerala was concerned
the south west monsoon season traditionally
acted almost as a closed season for the fishery,
so that another closed season was not necessary .
Naturally enough this stoppage of the fishery
due to the monsoon rains and stormy weather
takes place at a time when the mean sizes of
all the species in the fishery are at the lowsast
and the absence of fishing operations for two
or three months at that tims acted as a natural
conservation measura, Butat Nesndakara, the
most important shrimp trawling centre of Kerala,
the maximum fishing operations are carried out
during the monsogon period with the maximum
landings. The question arises weather the
closure or ban of fishing during the monsoon
season should be enforced here also, The
answer to this question depsnds on whether
the entire stock of shrimps appsaring suddsnly
in the fishery there at that particular time will be
lost to the fishery if not fished at that time
or will thess shrimps be available to the fishery
there jtself or in adjacent areas in bigger sizes
in the subsequent months? The only way to
prove this point is to apply an experimental
closure for one ot two vyears during those parti.
cular months and study the results.

The ather measure, namely the limitation of
fishing effort is equally important in the circum.
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stances of the shrimp fishery of Kerala.  When
the available shrimp resources in the fishing
grounds are subjected to increasing exploitation
by introduction of more and more fishing effort,
a stage would be reached when further input
of effort would result in uneconomic returns
and this is at present happening in the shrimp
fishery of Kerala, Therefore, a limitation in the
input of effort, by reduction in number of units
and by fixing a catch limit for particular units
in otder to limit the total catch to the optimum
level of sustainable vield may be adopted, In
the circumstances of the shrimp fishery of Kerala
where the machanised and traditional fishery
are exploiting the same resource, specification
of areas of operation for the particular fishery
would also be necessary.
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Paper-13

SHRIMP FISHERY OF BOMBAY COAST

M. Aravindakshan and J. P. Karbhari
Central Marine Fisheries Research, Institute, Cochin-31.

ABSTRACT

With the introduction of the machanised trawlers, the shrimp fishary of Maharashtra coast
sspecially ol Bombay region has shown considerable varistions both in species composition and in the

magnitude of the landings.

A study was therefore made for a five year period from 1982-1986 to

undarstand the trend of prawn fishery Twao important centres namely Versove and Sasscon dock were
solectad to cover the mechanised "Dal’ fishery and trawl tishery respectively The results are presentsd
alongwith the prod'ems of managsmant when mechanlsation s on the increase snabling the fishermen

to explore despsr aress hitherto not fishea at all.

INTRODUCTION

The shrimp fishery of Bombay coast hes
heen studied by many workers earlier. A
detailed account of the fishery of the region
has been given by Shaikmohamed and Tembe
(1969), Kunju (1967), Mohamed (1967),
Kagwade (1967) Rao ef &/ (1966, 1968),
Aravindakshan and Karbhari (1983) and Cha-
kraboty et a/ (1983), These authors have
reported the different aspects of the shrimp
fishery by the traditional ‘Dol’ nets and the
modern trawl nets. A recent study by Aravin-
dakshan and Karbheri (1983) indicates that
penaeid prawns earlier reported to have no
fishery value are entering the fishery adding
additional varietiss to the fishery. A study of
the trawler catches at Sassoon dock for
penaeid prawns and ‘Dol’ net catches at Versova
for bag net landings for penasid and non-penasid
prawns are presented in this paper, to understand
the trend of the landings by the respective
gear and also managerial problems that may
arise due to landing of now varieties hitherto
fished little, or not at all.

MATERIAL AND METHODS

The fish landing centres were visited once
a weak for observation of landings and colléc-
tion of samples for biological studies in the
laboratory later.

The survey data collected by the field
staff of the centre and processed have also
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been utilised for detailed

presentation,

analysis  and

Craft and gear:

Craft and gear for the fishery are the
same described by Chakraborty et &/ (1983).
The area of fishing extends up to Ratnagiri
in the south from Bombay base for trawlers
and for 'Dol’ nets off Versova coast up to a
depth of 40 m. ' :

Fishing season

At Versova completse suspension of fishing
is observed from first week of june to - the
end of August. The trawl operations are
continuous at $. dock though suspended for
a few days when weather conditions are un-
favourable during monsoon months.

Fishery;

The total landings at both centres for
the five year period are given for S, dock
and Versova (Fig. 1). Only penasid prawn
landings are considerd for S. dock while
both penaeids and non-penasids are noted
for catch data at Versova, This is dus
to the fact that non-penaeids by trawl nets
at 8. dock are represented only during some
months. '

Catch trend of penasids at $. dock, as
given in Table 3 shows only small devia-
tions except for years 1983 and 1984, when
highest and lowest landings are recorded,
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Fig. 1. Catch trend of prawna at
S. dock and Varsova

Catch per unit effort during these two years
does not show deep deviations. The average
c.p.u.e, works out to be 23.1kg/hr. The per-
centages of penaeids in total fish also do
not show significant variation indicating that
degree of exploitation is stable,

At Versova (table 3) the catch shows a
stoady trend for three years from 1982 to
1984 and an increase in catch for 1984 and
1985. With regard to c.p u.e. the same trend
is maintained. Highest c. p. u. . is registered
in 1986 and the lowest in 1983, the average
for the five years being 53.9 kg/hr. From the
trend of fishery with regard to total landings
and c.p.u.e. it appears that exploitation is
steady for 'Dol’ fishery at Versova during the
period of study.

Major species that contribute to the fishery

The major species that contribute to the
fishery at S. dock and Versova are listed
below as they are important for management.

8. dock Traw!

1. Metapenseus affinis

2. M. monoceros

3. Parspenaeopsis stylifera

4. M. bravicornis

6. Solenocera crassicornis

6. S. chopora

7. Maetapenasopsis stridulans
8. M. hilrauls*

9. Parapenasus longipes

10, Trachypenseus longipes
11. Penaeus japonfcus

12. M. dobsoni*

13. P. peniciliatus

14, P. monodon

15. P. semisuicetus*

16 Atypeopenaeus stenodactylus
17. Parapenasus stenodactylus
18. P. hardwickii

Versaova (Dol)

. affinis

monoceros

stylifera

. brevieornis
crassicornis

stridulans

. stenodactylus
penijcitlatus

sculptilis

.- hardwickii

11. P. japonicus*

12. Acstes indicus

13. A. johni

14. A. faponicus*

15. Nematopalasmon tenuines
16, Exhippolysmata ensirostris
17. Exopalaemon styliferus

—

CENONBWP
ToyILERIR

—
@
k]

TABLE 1
Percentags of major penaeid prawns in Trawler patchss at Sasoon dock

- {Annual average)
Species 1882 1983

1984 1985 1986
Penaeus spp 419, 2.69% 4.3%, 6 4
Metapenaeus affinis 20.5 36 23.2 24 23
M. monoceros 22.4 10.4 16 23.7 16
M. brevicornis 8 2 3 4.6 3
Parapenaeopsis stviifera 26,9 38 47 29.4 47
Solenocera spp 10.6 6.2 2.6 3.7 2
Maetapanaaopsis stridulans 4.4 2.3 4 7.8 6
Parapenasus longipes 1.4 5 0.5 0.4 06
Misc 4.7 2 0.5 0.4 0.5

108

CMFR |



TABLE 2

Parcentage of major prawn species in ‘dol” catches at Versova

(Annual average)

Species 1982 1983 1984 1983 1986
Acetes sp 69.0 70.0 70.6 65.2 560
Nematopalaemon tenuipes 18.0 16.9 18-1 18.2 31.2
Parapenacopsis stylifera 4.0 5.6 3.4 71 3.7
Solenocera crassicornis 3.4 31 34 5.1 4.8
Exhippolysmata encrostris 1.6 29 3.1 0.8 0.4
Parapenaeopsis sculptilis 0.9 08 0.8 0.5 2.6
Parapenaeopsis hardwickii 1.0 g1 — 1.0 09
Metapenaeus brevicornis 04 0.05 0.2 0.8 0.6
Metapenaeus affinis 0.3 — — 0.6 0.5
Penaeus monodon 0.5 0.2 - —_— —_
Penaeus penicillatus 0.4 0.2 —_ — —_
Misce llancous 0.5 0.06 0.7 0.8 -
TABLE 3

Consolidated catch with ¢. p. u.e. for 1982-1986 (Sasoon dock & Versova)

Units Total prawn catch (Kg) Total Fish Prawn percentage
with ¢. p. u. e. in paranthesis (Kg) total fish (%)
S, dock (Traw! net)
1982 246889 12216308(20.6) 47640015 26,5
1983 28505 11766860(17.2) 26587367 45,9
1984 21046 16664427(33) 33946410 49,1
1985 20447 9826239(20.0) 27217544 21.7
1985 18902 11261838(24.8) 33432834 33.6
Total 113588 61734672 (23.12 average) 197924170 38.4 (average)

Versova (Dol net)

1982 14620 6919386(47.37) 12243181 56.5
1983 16848 6719691(41.8) 14784448 446
1984 14851 6919386(46.5) 12243181 58.5
1986 12974 8647629(65.8) 12701866 67.2
1986 12862 8754952(68.1) 24013265 36.6
Total 71345 37860944 (average) 75886931 52.2 (averags)
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Yeerwise percentage composition  of
different species have been given in tables 1 and
2, 1t can bhe seen from the tables that the
percantage composition of penaeid prawns
in trawl fishery is dominated by P. stylifers
M. affinis and M. monoceros and Solenocers
spp. (S. crassicornis and S. choprai) respec-
tively followed by other penasid species. For
Versova 'Dol’ fandings are dominated by Ace-
tes spp (mainly A. indicus and A. johni)
followed by N. tenuipes. These two groups
are found to contribute to more than 809
of ‘Dol catches at Versova.

This finding is also ciose to the report of
Rajan ef af (1982) with regard to percentage of
non penaeids contributing to 'Dol’ Fishery at
Versova. Major penaeids that are found to
support the ‘Dol’ fishery are P. stylifera and 3.
crassicornis. These two species formed about
7-12% of "Dol' catches. .A. sibogse though
forms a fishery at Trombay 'Bag net’ (Machar-
dani) is not noticed in the present study.

The studies reveal that the trends of penaeid
prawn landings at Sassoon dock do not show
sharp decline in the catches requiring restrictions
of mesh size of trawl nets and hours of effective
fishing. Inthe case of ‘Dol fishery a slight
change in species dominance noted by Rajan
et 8/, (Op. cit) is found to be persisting.
Appearance of A. johni as a dominant contributor
to the fishery also calls for fresh studies on
Acetes populations in the area for the purpose
of management, '
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Paper-14

NATIONAL STRATEGY FOR EXPLOITATION AND
UTILIZATION OF THE POTENTIAL MARINE
FISHERY RESOURCES OF INDIA - A PROJECTION

P. 8. B. R. James, T.Jacob, K. C. George, V. Narayana Pillai,
K. J. Mathew and M. 8. Rajagopalan

Central Msrine Fisheries Research institute,

It is more than a decade since the
country declared in 1977 its maritime Exclusive
Economic Zone cavering an area of 2.02
million sq. km, thus irheriting a great wealth
of living and non-living marine resources.
The potential of marine fishery resources of
the EEZ is of considerable magnitude and
roughly estimated at 4.5 million tonnes based
on different approaches by scientists, As
against this, during the last one and a half
decades there has not been any substantial
increase in the marine fish production of the
country which currently stands at about 1.6
million tonnes. The fact that a large gap
exists between the potential resources and the
actual vield is a matter of great concern,

Despite, increasing demand for fish and
prawns in the internal and export markets,
the industry has remained dormant and has
not come forward 10 make large investments
in new areas of fisheries and thus diversify
their sfforts. This is attributed to the lack of
critical information on the presently exploited
stocks as well as the potential resources
which are remaining unexploited. The exploited
resources, some of which having a high unit
value, require rational exploitation and
judicious management, whereas the precsently
untapped offshore and oceanic resources nesd
be exploited to the optimum level, Besides
the need for precise informastion on the
potential resources, much work remains to be
done on the harvest and post-harvest techno-
logies. Information on existing infrastructure
and those needad for future ragquiramants,
economics of operation of various typss of
mechanised vessels, marketing facilities etc,
ia much wanting.
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Cochin

The time is ripe now for evolving a
national strategy for exploitation and utilization
of the resources of the EEZ, so that proper
direction and support could be given to
fisheries development programmes involving

- production and utilization,

The aim of the present document is to
provide the background information on
exploited marina fishery resources, group-wise
potential resources, existing infrastructure, and
give projections for additional exploitation of
resources in the shelf and slope areas and
utilization.

EXPLOITED MARINE FISHERY RESOURCES

The estimated annual fish landings {aver-
aged over the 3 years 1983 to 1985) work
out to 1.56 million tonnes. Almost 98 per
cont of these landings is accounted for by
the coastal fisheries limited to a depth of
50 m. The crafts oporated are the small
mochanised vessals (trawlers, purse-seiners,
gilinetters, dolnetters and boats fitted with
out board motor where mechanisation is used
for propulsion and fishing or propulsion alone)
and the artisanal units. Information on catches
of larger vessels operated by the private
industry is practically not forthcoming even-
though concerted efforts were made by the
Institute in the past to secure them., How-
aver, assuming even a liberal figure, it will
be contributing only less than two per cent
of the total landings.

Table | givas the avarags aanual region.

wise and species-wise composition of the
fish landings during the vyaars 1983.'85.
About 11.0% of the landings is accounted

for by oil-sardine followed by penaeid prawn
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TABLE - 1

Reglonwise and spseciaswise annual fish landings in India in tonnes
(average of 1983 to 1985)

Species Region

Northwest

Southwast

Lowereast

Uppereast

Total

Elasmobranchs

23769

10658 13889 11600 59916
Eels 6608 3 227 840 77086
Cat fishes 22194 16382 3681 12081 54338
Chirocentrus 92856 1756 2539 3234 16824
Qil sardine 1079 1604339 2815 300 164433
Lesser sardine 645 11396 30675 256717 68432
Hilsa ilisha 1029 135 652 4525 6341
Other Hilsa 6270 ya| 4805 4819 16915
Anchovijelia (Stolephorus) 1878 53959 11263 6828 72938
Other clupeids 33635 16136 14398 18516 81685
Harpodon nehereus 106297 8 4 3785 110104
Saurids saurus 3571 7181 2190 1601 14443
Hemiramphus & Balone 300 701 1048 154 2203
Flying fish 1 24 1708 70 1803
Perches 13660 26998 13976 11368 66002
Red mullets 1410 143 2207 1506 5266
Polynemids 4775 1268 438 1860 8341
Sciaenids 62434 16658 11783 26236 107011
Ribbon fish 24507 8539 8480 12971 53697
Carangids 8740 22378 14288 8790 54196
Silverbaellies 948 11161 47828 7238 67166
Lactarius 14111 3712 602 756 19180
Pomfirets 29419 3925 o988 11730 46062
Mackerel 792 29196 7211 7039 44237
Saer fish 10380 12226 4926 7886 35428
Tunnies 6260 12549 2053 1374 22236
Sphyrasna 415 1134 1683 477 3609
Mugil 2817 388 453 426 4084
Bragmeceros 1172 6 _ — 1178
Soles 8268 20786 2386 1374 32814
P. prawns 56045 41976 13939 12414 123373
N. P. prawns 60316 348 658 7938 692569
Lobster 2261 85 471 23 2830
Other crustacens 14682 22976 9679 3262 50599
Cephalopads 12472 6046 4071 1269 23858
Misc. 17408 13036 22246 4439 67129
TOTAL 548762 033258 269960 222666 16564636
112
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{(7.9%). Bombay duck (7.09%).
(6.801), Stolephorus (4.79,), lesser sardines
(4.4%). silverbeliies (4.3%,), perchss (4.29,),
non-penaeid prawn (3.8%), elasmobranchs
(3.79%). cat fishes (3.5%;), carangids (3.5%,),
ribbon fishes (3.4%,), pomfrets (2.9%). mac-
kerel (2.89,), seer fishes (2.3%), soles (2,19%,),
cephalopods (1.6%,) and tunnies (1.49%).

As seon from Table 1, the northwest
region (comprising Maharashtra and Gujarat
coasts) contributed 35% to the total land-
ings, southwest region (comprising Goa,
‘Karnataka, Kerala and Lakshadweep) 349,
lower sast region (comprising Tamil Nadu and
Pondicherry) 179, and upper east region
(comprising Andhra Pradesh OQrissa, Woest
Bngel and Andamans) 142

The dominant species caught in the north
west region aré Bombay duck (19.4% o
region's total), penaeid prawns (10.09;),
sciaenids {9.69%), and non-penasid prawns
{8.29%). In the southwest region 30.0Y% of
the landings is oil sardine, 10.0%, Stolephorus,
8.49% mackerel and 7.9% poenaeid prawns.
Silverbellies formed the major component in
the lower east region landings (18.4Y%,)
followed by lesser sardines 11.8%, and perches,
penaeid prawns and elasmobranches (about
5.4%, each), In the upper east region the
important species landed are sciaenids (11.8%,)
lessor sardines (11.69). penaeid prawns
(5.69%), ribbon fishes (56.6%). cat fishes
(6.4%). elesmobranchs (8.1%) and perches

(5.0%).

POTENTIAL RESOURCES

As stated earlier the production of marine
fish in the country during the last few years
remained more or less the same with fluctu-
ations in the catch of some of the major
groups. In the past, estimates of potential
yield have been made by several authors based
on primary production, explorarory  surveys
and catch rate and effort. Thus Jones and
Banerji (1973) estimated potential yield at
2.5 million t. The National Commission on
Agriculture (Anon..1976) estimated a produc-
tion of 3.5 milliont after 25 years.
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Sciaenids

Withthe declaration of the EEZ a revised
estimate of the potential yield has been made
according to which the annual vield could be 4
million t (Silas ot 2/, 1976) and 4.47 million t
(Goeorge et &/, 1977) While the estimated
harvestable fish potential showed a figure of
about three times of the present yield it is felt
that further increase in marine fish catches could
comé mainly from deep water or distant water
fishing of under-exploited fish resources in the
EEZ. Bssed on the estimates by George st a/.
(1877), the total exploitable resources upto
200 m depth zone is 2.30 million t from the
west coast, 0.09 million t from the Lakshadweep
and 0.16 miltion t from the Andaman & Nicobar
islands, Besides, 0.5 milliont of oceanic
resources from all regions beyond 202 m depth
zone could also be exploited.

Pelagic resources

it is estimated that the potential pelagic
stock is 1.77 million tonnes (Table 2) as against
the yield of about 0.7 milliont.. Among the
exploited pelagic resources the most. important
group expected to contribute 1o significant
additional yield is that of whitebait, especially
from the Gulf of Mannar during July-September
and from the southwest coast during October-
December. The total potential of this category
from the EEZ is estimated to be 0.24 million t
as against the current yield of 73,000t. The
magnitude of additional yield will be about 0,15
million t within 20-50 m depth, The sefficient
gears for tapping this resource would be the
small purse ssine and mid-water trawl.

Carangids comprising of horse mackerel,
scads and trevallies are eostimated to have a
potential stock of 0.27 million t against the
current yield of 64,000 t.  Additional vield to
the tune of 0.2 million t could be expected from
these resources. Grounds for this group have
been located along the southwest coast, off

- Gujarat and upper east coast at a depth between

50-126 m. Apart from mid-water trawling, these
resources can also be harvested by purse seines
and drift gill nets,

Ribbon fishes of the estimated potential of
0.27 million t would yield considerable addi-
tional quantities from 20=-80 m depth from the
southwest, lower east and northwest coast
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TABLE-.2
Estimated potentisl yield (‘000 t) of differsnt groups

N.W. S.W. L.E. U.E. AN Total
Coast Coast Coast Coast Lab PY
A, Demersal
Elasmobranchs 45 45 35 40 20 186
Cst fishes 90 120 26 75 — 310
Perches 30 120 78 16 10 250
Polynemids 10 _ 5 25 — 40
Sciaenids 70 20 20 100 — 210
Leiognathid —_ 15 55 30 — 100
Pomfrets 30 — 16 40 — 85
275 320 230 326 30 1180
B. Pelagic
Oil sardine 5 180 —_ 10 — 196
Other sardine B 40 70 16 10 140
Anchoviella — 160 80 — — 240
Other clupied 55 10 490 45 15 165
Ribbon fish 90 110 45 26 -— 270
Carangids 70 110 25 60 — 265
Mackarel b 80 16 — 5 106
Seer fish 5 10 15 10 b 45
Bombay duck 80 - — 20 — 100
Tunas & related sp. 10 60 10 10 1560 240
326 760 300 195 185 17856
C. Shell fish
Penaeid prawn 30 95 20 35 — 180
Non penaeid prawn 90 — 8 10 — 105
Other crustaceans 5 10 20 5 — 40
Cephalopods 20 35 20 100 B 180
Other fishes 136 200 86 70 30 520
Total (A4+B+C) 880 1420 680 740 250 3970
+4- Oceanic fighes — — — — — 500
4470

Boat seine and trawl net are the suitable gears
for the specises.

Oil sardine, the most important coastal
pelagic speciss caught in the country is presumed
to bs optimally exploited. while marginally
the Indian mackerel may support some additional
catches. However in the present sccount it is
not considerad as a significant resource for any
substantial additiona! production.

The small tunas show a potential of 0.1
million t in Andaman waters and 50,0001t in
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Lakshadweep beyond 100 m depth and about
90,000 t along the mainland coast beyond 80 m
depth. Introduction of large purse saine and
suitable drift gillnat would help in tapping this
resource. At present there is only marginal
expleitation of oceanic rasources. The totel
oceanic tuna potential of the EEZ is estimated
to be around 0.5 million t consisting mainly of
vellowfin, bigeye and oceanic skipjack. Sailfish,
marlin and otceanic pelagic sharks also form an
oxtra component. Recent longline operations
of FS! (Joseph and John, 1886) and CIFNET
(Swaminath et al., 1986) have indicated the
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richnoss of these resources along the deeper
shelf areas of the west coast.

Demersal resources

The estimated potential of demersal finfish
resources of the EEZ is around 1.1 million t as
against the total current yield of 0.41 million t.

Cat fishes promise the maximum additiona!
resource with potential of 0.31 million t against
the present yield of 54,000 t. Productive fishing
grounds have been located along the upper east
coast, northwest coast end southwest coast
between 20 and 100 m depth ranges.

Perches having a potential of 0.25 million t
against the exploited leve! of 66,000t are the
other important demaersal resources, The "Kalava’
resource of the southwest coast, the resident
and migrant perches of Wadge Bank, the
threadfin bream resource in the 73-225 m depth
range occurring in contentration during February.
May and July-September along the southwest
and upper east coasts are the major perch
resources to be harvested,

The sciaenids of which the current vield is
0.11 million t show a potential of 0.21 million 1.
Rich grounds exist in the northwest and east
coasts at a depth of 50-200 m. Likewise elasmo-
branchs with a current yield of 60,000 t indicate
a potential of 0.18 million t. Good grounds are
located in the lower east coast (100-200 m
depth) and north-west coast upto 100 m depth.

Deep sea non conventional resources
including potential stocks of the bulls eve,
indian drift fish, black ruff, rat tails. boar fishes
and miscellansous varieties of deep sea fishes
from the continental slope (220-500 m depth)

are indicated fiom the southwest and east
coasis.

Crustacean resources

Very little scope exists for increasing pro-
duction of penseid prawns from the traditional
shrimp grounds. However, the non-penaeid
asrawns with a current yield of 69,000 t show a
potential of 0.11 milliont. Similarly the deep
water shrimp and lobster with only the nominal
yield of 500 t at present, indicate a potential of
12,000 t.
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The sustainable potential of deep water
prawns along the southwest coast is estimated
at 3.000t. For deep water iobster, . the esti-
mate is 8.000t off the southwest coast and
over 1.000t off the lower east coast. The
maximum abundance of deep sea prawns
was observed in 300-400m depth during
February=June. For exploitation of deep sea
prawns and lobsters in the shelf and slope
regions on ihe southwest ¢oast and Guif of
mannar, larger trawiers will have to be
used.

Cephalopod resources

Cephalopods consisting of squids, cuttls
tishes and octopii are caught at present
mostly from the west coast. The cephalopod
resources are now obtained from general
trawl oparations. The additional resources of
about 50,000t are expected from the areas
beyond 50 m depth zone if direct method
like squid jigging is introduced Considerable
potential of oceanic squids is also indi-
cated.

Seasons of commercial availability

It is difficult to sharply demarcate any
season of commsrcial availability of the
different resources in the tropical waters,
However, the general seasonal pattern of
availability of the target species in different
regions as seen from the published literature
is indicatad here, For thes sake of conveni-
ence, the year is divided into three seasons:
namely premonsoon {February to May),
monsgon (June 10 Septmber) and postmon-
soon (October to January).

In the northwest region availabiity of
catlishes, perches, ribboanfishes and cephalo-
pods are found to be more in pre and
postmonsoon seasons and croakers, coastal
tunas and crustaceans in monspon and post-
Monsoon $6asons,

In the southwest coast, perches, ribbon-
fishes, carangids, crustaceans and cephalopods
are the important resources in the monsoon
and postmonsoon seasons, croakers and
coastal tunas in pre and postmonsoon
seasons, perchas and elasmobranchs in pre-
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monsoon and mangoon ssasons and whitebaits
in postmonsoon season.

In the lower east coast, the better sea-
sons for fishing for croakers, coastal tunas,
elasmboranchs, crustaceans and cephalo-
pods have been found to ba pre and post-
monsoon, the monsoon season for white
baits and ribbon fishas and thse premonsoon
season for catfishes.,

The season of commercial availability in
the upper east coast for catfishes, costal
tunas, carangids and perches has been found
to be pre and postmonsoon seasons, the
monsoon and postmonsoon seasons for croakers.
ribbonfishes, elasmobranchs, crustaceans and
cephalopods and the postmongoon for white-
baits. Regarding deep sea prawns better catch
rates were observed during June to September

along east coast and September to February
along the west coast.

EXISTING INFRASTRUCTURE FOR
EXPLOITATION OF OFFSHORE RESOURCES

Vessels and gear

It was estimated that at the end of 1885
the following number of fishing vessels were
operating in the offshore/dsep sea areas
around thse Indian sub-continent.

14.18 m OAL vessels (Medium) : 28
18-40 m OAL veesels {Large) : 154

Most of the medium vessels were used
for expliaratory fishing and were operated by
the FSI. Of the 154 large vessels, 50 were
on charter from foreign agencies and were
operated near Andaman and Nicobar Islands.
Except for a few vessels which belonged
to FSI, CIFNET and |FP of the Govi. of
India, all the vessels below 30 m QAL were
commearcial shrimp trawlers. Vessels above
30 m QAL were mainly used for mid-water
trawling, purse-seining and long lining.

TABLE - 3
Datails of Fishery Survey Vessels operated by FS/

Name of vessal OAL BHP GRT Type of fishing conducted
Matsy Shakthi 36.5 825 327.18 Trawling

Matsya Vishwa 36.5 825 327.18 Trawling

Matsya Sugandhi 31.5 650 248.45 Tuna long linind & squid jigging
Matsya Varshini 36.6 1160 268.33 Purse-seining & trawling
Matsya Vigyani a2 750 257.96 Trawling

Matsya Nireekshani 40.5 2030 329.36 i

Matsya Jeevan 36,5 8235 32718 "

Matsya Harini 326 750 257.9% Purse-seining

Matsya Shikari 39.5 1740 352.47 Trawling

Matsya Darshini 36.5 1740 352.47 Purse-seining & trawling
Meena Anveshak 17.6 200 57 Trawling

Meena Gaveshak 17.5 " ‘" '

Meena Netra 17.6 . ‘r o

Mesena Sitara 17.5 200 67 o

Meena Tharangini 17.5 200 57 .

Meena Pradata 17.5 200 57 "

Meena Ayojak 17.5 200 657 .

Meena Prapi 17.5 - 200 87 .

Meena Saudagar 17.5 200 57 o
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TABLE - 4
Detsils of large vessels of IFP

Name of the Vessel OAL BHP GRT Type of tishing in which
{m) engaged

Samudra Devi 27.31 750 193.86 Bottom/Pelagic trawling &
Purse seining

Velameen 23.85 480 117.21 Bottom/pelagic trawling

Tuna 23.80 480 115.62 -do-

Klaus sunnana 19.81 220 61.28 ~-do-

Noring - li 13.17 72.5 19.27 Bottom/pelagic trawling
and purse seining

TABLE- 5

Details of vessels of CIFNET

Name of vessel OAL (m) BHP GRT Type of fishing
Prashikshani 34.0 750 211.29 Tuna long-lining, trawling
Skipper-| 33.51 750 268.39 Long lining, purse seining, traps
Skipper-1I 28.30 600 174.82 Trawling

Skippsr-H| 28 30 600 174.82 Trawling

Blue Fin 28.35 600 181.88 v

Red Snapper 28.35 600 181.88 v

Master Fisherman 17.6 200 57.0 .

Master Fisherman-| 17.6 200 57.0 ve

Master Fisherman-I| 17.56 200 §7.0 ‘e

Master Fisherman-1l| 22.0 Gill netting. trawling

12.27 93

Howsver, the vessels on charter and the
existing shrimp trawlers would not contribute
much to the supply of fin fish to the domestic
market in particular because the charted
vessels land their catches at foreign ports
and the existing shrimp trawlers do not bring
fish other than shrimp to the shore partly
due to the sales obligations and partly due
to the scarcity of storing space onboard.

The details of vessels and types of
fishing conducted by the Govi. of [India
vessels attached to FSI, IFP and CIFNET
are giveninTable 3, 4 and 5.

Landing and berthing facilities

The details rvegarding fishery harbours
completed/under construction located in the
various states are given in Table-6 (Anon.,
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1983). A total of 15 harbours located at
Veraval, New Ferry wharf, Ratnagiri, Marma
Goa, Karwar, Malpe, Cochin, Vizhinjam,
Tuticorin, Madras, Kakinada, Visakhapatnam,
paradeep. Dhamra and Roychowk  already
constructed,/under construction have a designed
capacity for berthing about 500 desp seaf
oftshore fishing vessels, Howaver facilities
for unioading of catches, supply of fresh
water, fuel, ice and repair facilities for cralt
and gear are inadequate at most of the
above mentioned harbours.

EXISTING PATTERN OF UTILIZATION
Fresh fish

In india about 2/3 of the total
fish catch is being consumed in

marine
fresh
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TABLE - 6
Fisharigs Harbours completediunder construction

with their designed vassel capacity
(Source : BOBPI/INFI3)

Designed Capacity
Region Names of Port Deep saa Mechanised -
vessels boats
Gujarat
Veraval 20 oo
Mangrol — 270
Porbander — 140
NwW Coast Jaffrabad — 32
Vansi Porsi -— 45
Kosamba — 425
Maharashtra
New Ferry Warf N.A N A
Sassoon Dock — 700
Ratnagiri 40 400
Karanja — 30
Karriataka
Malpe 20 300
Honavar — 120
Karwar 20 200
Mangalore — 230
SW Coast Kerala
Cochin 87 450
Sakthikutangara — 500
Vizhinjam 85 210
Valiapatnam — 54
Mapila Bay — 166
Kasargod — 100
LE Coast Temil Nedu
Tuticorin 65 300
Madras 50 500
Mallipatnam — 54
Kodiekkaral — 54
Cudallore —_ 54

UE Coast Andhra Pradesh

Visakhapatnam 50 300

Kakinada 16 200

Bavanappadu — 200

Nizampatnam —_ 100
Orissa

Paradeep N.A.  N.A,

Dhanmra 15 35

Chandipur — 28
West Bangsl

Roychauk 16 —_
Andaman & Nicober islands

Phoenix Bay — a7

NA: Information not available
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condition {Nair and Govindan, 1988). However
the per capita consumption of fish declines
considerably as the distance increases from
the landing centre. Among the states the per
capita consumption of fresh marine fish is
the highest in Goa (37 26kg). It is the lowest
in W. Bangal and Gujarat where only 1.07
and 1 47 kg respectively are consumad {Girija
and Ravinath, 1986).

Frozen fish

Freezing as a means of fish pressrvation
was first introduced in the country in the 1950s.
Currently a little more than 5% of the total
marine fish catch is being used for freezing
purposes. The method is now mainly employed
for export commodities like prawns, lobsters,
squids and cuttle fishes of which the prawns
rank first, A quantity of 49,5640t of
frozen prawns were exported in 1885 and this
works out to 74.61%, of the total frozen sea
tood exported. With ragard to fishes, a quantity
of 9,557 t were frozen and exported in 1985
which accounted for 14.3%, of the total frozen
marine products exported.

Canned fish

Inthe 1960s and early part of the next
decade shrimp canning and export was very
popular in India. The record export of 2,199 t
of canned shrimp was registered in 1973.
Therealter the exports dwindled down to &
mers 15 tonnes in 1985. Fishes like sardines,
mackere! and tuna were canned mainly for
internal use. The set back to the industry has
been caused by the increase in the cost of
imported containers and edible cil. Alternative
means of canning have been tested and found
aeconomical but the industry is rather slow in
adopting these methods.

Cured and dried fish

The sscond largest mathod of utiiization of
fish in India is by salt curing and drying and
this accounts for about 209, of the total fish
landings. The traditional export markets for
cured fish like Sri Lanka and Burma have
dwindled in recent times. Baing the easiest
and the cheapest method of fish preservation
it is bound to remain for quite a lang time. In
1985 a total of 9,022t cured/dried fishes were
exported.
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Fish marketing

As far as fish is concerned its' marketing is
as important as fishing itself. Fish has to reach
the end user in the minimum possibie time
espeacially when it is marketed in fresh condition.
Fish either in fresh or processed form has to go
through several hands before it reaches the
consumer. Thus fish marketing has several
components like handling. transpost, processing
and storage. Intermediaries which consist of
auctioners, commission agents, wholesalers,
retailers and vendors also play important roles
in marketing.

in India, fish is marketed as fresh fish,
frozen fish, dry edible fish and fish meal.
Regarding the physical flow of fish it is seen
that in majority of cases, about 509 of the
fresh fish marketed is consumed in nearby
areas of the landing centres, about 459 within
a distance of 200 km and the rest in places
beyond 200 km. However, this may vary from
state to state.

While the percentage of marine fish
consumption is 62 in Maharashira the same is
only 2 in West Bengal. While Karnataka and
Gujarat stand at top regarding exporting the
fish to other states, Maharashtra and Tamil
MNadu are the largest importers.

When the fresh tish flow from the produc-
tion centre is taken into consideration, Veraval
and Porbandar in Gujarat, Bombay in Mahara-
shtra, Manglore in Karnataka, Cannanoreé and
Cochin in Kerala, Madras in Tamil Nadu,
Kakinada and Visakhapatnam in Andha Pradash,
Paradeep and Chandipur in Orissa are the
largest exporters to other centres within and
outside the states.

As far as dry edible fish is concerned,
Maharashira, Gujarat. Karnataka and Andhra
Pradesh contribute mostly to the inter-state
movement. The maximum consumers of dry
edible fish are in the non-coastal areas especi-
ally in the north-eastern states. In the major
dry fish selling states the important centres that
send out this commodity are Veraval and
Porbander in Gujarat, Bombay and Poona
in Maharashtra. Mangalore in Karnataka and
Kakinada, Machilipatnam and Nizamapaitanam
in Andhra Pradesh,
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Mere than 879, of domestic fish marketing
and 93% of dry edible fish marksting are
considered to have been handled by private
trade. The co-operatives have very small
share. The fishermen’s co-operative societies
as in Maharashtra take the fish directly to the
consumers thereby ensuring maximum profit to
the lishermen  Eventhough many of the
maritime states have fisheries corporations of
some form or other, they are not effectively
involved in fish marketing.

PROJECTION FOR ADDITIONAL
EXPLOITATION

Vessel! requirement

On the basis of data on potential resources
and assumptions on possible .catches by
iniroducing suitable vessels and fishing
methods, projactions for the different resources
are made. The plan is to harvest about 15.60%
of the selected additional resources in 8 phased
manner over & period of five years. Thus for
the first year of implementation the strategy
suggested is to harvest 0.11 million t of fish
inciuding white baits, coastal tunas, carangids,
ribbon fishes, catfishes, perches, croakers,
elasmobranchs, crustaceans and cephalopods
(Table 7). This figure excludes the likely
catches of oceanic tunas and cephalopods.

Table 8 gives the proposed additional
number of vessels for a one year period.
It is seen that to harvest the indicated 0.11
milliont of flish in one year total of 180
vessels consisting of 65 numbers of 136 m
wooden purse-seine vessels, 55 numbers of
17.5 m steel trawlers {(mid-water/bottom) and
40 numbers of 26 m steei trawlers are to be
deployed. The capital investment for the purss-
seines would be Rs. 65 million, medium
steel trawlers Rs.182 million and larger steel
trawlers Rs. 400 million thus 1totalling to

Rs. 647 million.

Each typs of vessel will operate for the
different resources for 200 days in an vyear.
The region-wise distribution of the different
types of vessels is given in Table 8,

Trained manpower requirement

The requirement of trained manpower for -
the different categories of vessels has been
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TABLE -7

Expected additional catch (t) for » one year periad

Region N.W. S.W.

L.E. U.E. Total
Resource
White baits — 8820 106500 1680 21000
Coastal tuna 2536 5080 830 555 9000
Elasmobranchs 13756 420 1410 345 3550
Catfish 2770 38656 800 1435 8860
Perches 2500 4675 2475 1830 11480
Croakers 3800 1130 1230 700 6860
Ribbonfish 3410 2010 1180 1330 7930
Carangids 1606 2030 1918 2250 7800
Crustaceans 320 640 160 480 1600
Cephslopods 2760 1260 710 210 4920
Trawl by-catches 9435 6630 6610 3825 25500
Total 30500 36540 26820 14640 108600
TABLE - 8
Proposed additional number of vasssls for ong year period
Region NW sSw LE UE Total
Type of vessel
1. Purse seiner (wooden) (13.5 m QAL})
&) White-baits-100 days at 3t/day - 17 20 3 40
b} Coastal tuna 100 days (1t/day)
2. Purse seiner {(Wooden 13.6 m QAL) 7 14 2 2 25
Coastal tunas 200 days (1 t/day)
3. Trawler (17.6 m OAL)
a) White baits-100 days by mid-water trawling (2t/day) — 19 22 4 45
mid-water trawling (2t/day)
b) Catlish, ribbontish, carangids and others
— 100 days by mid-water/bottom trawling { 2t/ day)
4. Trawler (17.5 m OAL) Catfish, ribbonfish,
carangids and others 10 _-— — — 10
— Mid-water/bottom trawling — 200 days (2 t;day)
6. Trawler (26 m OAL) Fish/crustacean 15 10 9 8 40
— 200 days
— bottom trawling (5 t/day)
Total az 60 63 15 160
Note: Traw! by catch at 4 t/day for 200 days by 17.5 m vessels and 24t/day for 200 days
by 26m vessels.
120
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TABLE - 9

Requirement of trained personnel per vessel and for total no. of vessels for a one year
period (Totals in brackets) '

Category of posts

No. of personnel required

" Total

13.6 m purse * 17.6 Trawter 26 m Trawler
seines (66 units) (55 units) (40 units)

Skipper -— 1 1 2
(58) . {40) (95)

Chief engineer — - 1 1
{40) (40)
Mate - - — 1 1
(40) (40)
Bosun 1 2 2 5
(65} (110) : (80) (255)
Engine Driver 1 R t 3
(66) (65} (40) (160)
Engiee room Asst. - 1 1 2
(55) (40} (95)
Fishing hands 6 5 10 (21)
(390) (275) (400) (1065)
Cook 1 1 2 4
(65} (55) (80) (200)
Total 9 11 19 39
(585) (605) (760) (1950)

“in the present type of puise seining where there is very littte or.no mechanisation involved
iy pursing and heaving the nset a larger comdlimant of about 25 deck crew is required.

consideted based on the existing practiCes
and regulations. [t is estimated that a total
of 1950 trained parsonnel including 85 skippers
and 40 chief engineers are required for a
one year period. Datails of all the catagories
required are given in Table 9.

Economics of vessel operations

The economics of oparations of the differ-
ent Llypes of vessels are worked out on the
basis of prevailing cost of vessel, operational
costs as well as productivity and market prices.

For the 13.6 m wooden purse-seiner ope-
rating for whitebaits for 100 days and tunas
for another 100 days, a net return of Rs.0.22
million per annum against a capital cost of
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Rs. 1.0 million for the vessel and gesr is
arrived at (Table 10). The assumplions are:
a catch of 300t of whitebaits at the rate
of 3 tiday for 100 days to be sold at
Rs. 2.50 kg and a catch of 100 t of small tunas
at the rate of | t/day tor 109 days sold at
Rs. 5kg The net profit is computed after
deducting fixed and oparational costs including
crew share (before taxation). From the second
type of operation of the 13.6 m vesssi,
exclusively conducting smail tuna purse-seining
for 200 days ot the year, a net return of
Rs. 0.14 million is arrived at the assumption
being production of 200t of fish in a vyear
at the rate of 1 t,day for 200 days, sold at
Rs. 5/kg {Table 11).
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TABLE - 10

Projacted economics of operation of 8 13.6 m OAL (wooden) purse-seiner for whitebaits

Capital Investment (Rs.)

1.1 Investment on craft 4+ dinghy
1.2 lnvestment on gear

1.3 Total

Fixed cost (Rs.)

2.1 Depraciation @ 8.5%, on vessel
2.2 Depreciation @ 509, on gear
2 3 Interest on capital @ 16°% p. a.

2.4 Total tixed cost

Operational cost (Rs.)

3.1
311,

Fuel oil lubricants .
@ 20 )/hr, 10 hrs. of running per day of fishing (main engine and
auxiliary) @ Rs. 4.60/1 for 200 days
Auxiliary engine (6%) of above
3.1.3. \Lubricants
3.2.1. Repairs snd maintenance of vessel 4 dinghy
3.2.2. . ‘e o gear
3.3.

3.1.2,

Crew share (12,560,000 minus
for pursa seiner 2,49,000 (variable cost X 339, =
Quantum set apart for obtaining the services of carrier boats

@ 159 of revenue realised out of white-bait catches minus
509 of the total varisble cost

Expenditure for shore facility
Unloading of fish catches at the jetty -
Cost of ice etc,

Miscellaneous

34

36
36
3.7

38
3.9 Total operational cost

Total cost (Rs.)

Revenue from fish catches (Rs.)

5.1 Whitebaits purse geining 100 days @ 3 t/day of fishing x Rs. 2500/t

5.2 Tuna purse seining for remaining 100 days @ 1 t/day of fishing x
Rs. 5000/t

5.3 Total revenue

Net sarning (Rs.)

Economic psrameaters

Rate of  Pay back  Fixed cost- Operstional cost- Fusl cost

returns pariod gross raturns gross return gross return
% (vears) ratio %, ratio %, ratio (%)
37 2.4 29 54 16

7.00,000
3,00,000

" 10,00,000

59,600
1,50.000
1.60,000

3,69.600

1,80,000

9,000
6,000
20,000

. 10,000

3,30,330
{7.50,000 minus
1,24,.600) x 159,

= 93,826

6,000
6,000
6,000
6,000

6,73,106
10,32,655

7,560,000
5,00,000

- 12,860,000
2,17,345

Brosk aven catch

levelfannum

210 t of whita-baits

& 70 t of tuna
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TABLE - 11

Projected economics of operation of a 13.6 m OAL (woeden purss-seinerfor tune)

1. Capital Investment (Rs.)

1.1 investment on craft + dinghy 7.00.000
1.2 Investment on gear 3.00,000
10,00,000
2, Fixed cost (Rs.) _
2.1. Deprecistion @ 8.5 %, on vessel - 59,600
2.2. Depreciation @ 50% on gear 1,60,000
2.3. Interest on capital @ 15% p. a. 1,50,000
. 3,688,500
3. Operations! cost (Rs.) )
3.1. Fuel oil and lubricants
3.1.1. @ 201/hr. 10 hrs. of running per day of flshmg (maln engine and 1.80,00)
auxiliary) — Rs. 4.50/1 for 200 days : :
3.1.2. Auxiliary engine (6%,) of above 9,000
32.3. Lubricants _ 6,000
.3.2. Repairs and maintenance of vessel 4 dinghy 20,000
3.3, " , o gear 10,000
3.4. Crow share : 10,00,000 minus 2,49,000 {vanab}e cost) X 33% = © 2,47,830
3.6 Expenditure for shore management 6,000
3.6. Unloading of fish catches at the ietty 6,000
37 Costof ice etc. 6,000
38 Miscellaneous 6,000
3.9 Total operational cost 4,96,830
4. Totel cost (Rs.) 8,56,330
B. Revenue from fish cetches (Rs.) '
Operating 200 days @ 1 t/day of fishing x Rs. 6000/t 10,00,000
6. Nat esrning (Rs.) 1,43,670
7.  Econmic parameters
Rate of  Pay back  Fixed cost gross  Operational cost- Fuel cost-gross  Break even
returns period returns gross returns. return ratio . catch!
A (years) ratio (%) ratio (%) (%) annum
29 2.8 _ 36 50 20 166 t of tuna
For the 17 6 m steel trawler the capital to be Rs. 081 million for each vessel
investment estimated is Rs. 3.3million. Thege (Table 12).

vessels engaged in mid water and bottom
‘trawling for 200 days a year are expscted to
obtain a catch rate 2 t a day of target fish
and 4t by-catch. A flat rate of Rs 8/kg has
been assumed for the main catch and Rs. 2/
kg for the by-catch. The net profit is estimated
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With regard to the g_peration of 286 m
stee! trawler, the capital cost for vessel and

‘gear is taken to be Rs. 10.0 million (Table 13).

The revenue computed for this vessel is on

the basis of a catch at the rate of 5 t/day
for 200 days comprising mixed quality fishes
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TABLE - 12

Projected economics of operational of a 17.5 m OAL Steel trew ler

1. Capital investment (Rs.)

1.1 lnvestment on craft - 30,00,000
1.2 lnvestment on gear 3,00,000
1.3 Total '33,00,000
2. Fixed cost {Rs.)
2 1 Depreciation — 8.5%, on vessel| 2,565,000
22 Depreciation — B0Y% on gear 1,560,000
2.3 Interest on capital @ 15% p. a. 4,95,000
2.4 Total fixed cost m
3. Operational cost (Rs.)
3.1 Fusel oil and lubricants .
31.1 @ 40 !/hr. 10 hrs of running per day of fishing (Main & Aux,) 3.60,000
@ Rs. 4.50/1 for 200 days
3.1.2 Auxiliary engine 5% of above 18,000
3.1.3 Lubricants 18,000
3.2 Repairs and maintenance of the vesssl 1,00,009
3.3 Repairs and maintenance of gear 40,000
34 Salary of crew 2,00,000
3.5 Expenditure for shore management 10,000
3.6 Incentive to crew 25,000
3.7 Unloading at jetty, cost of ice etc. 12,000
3.8 Miscellaneous 6,000
3.9 Total operational cost 7.89,000
4. Total cost (Rs ) 16,89,000
5. Revenue from lish catch (Rs )
400 t @ Rs. 6,000/t for main catch and 100 t @ Rs. 2.00)/t for by-catch 26,00,000
6. Net earning (Rs.) 9,111,000
7. Economic parameters
Rate of  Pay back  Fixed cost-gross Operations! Fuel cost-gross Bresk even
returns period return ratio COSt-gross retuin returns ceatch annusl
Yo (voars) A ratio (%) ratio (%)
43 2.5 1) 30 156 260 t of main
coatch & 661

of by-catch

like carangids, perches, cat fishes, croakers
and crustaceans and 2} t/day of by.catch. The
price indicated for the catch is a flat rate of Rs,
6kg for the main catch and Rs. 2/kg for by-catch,
The net profit arrived at is Rs, 2.1 million,
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Some of the economic parameters relating
to the operation of the four types of vessels
have been estimated and tha values are given
in item 7 of the Tables 10 to 13. As seen from
the tables, the rate of return, in all the four
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TABLE 13

Projected economics of operation of & 26 m OCAL stes! trawler

Capital Invastment (Rs.)

1.1
1.2

1.3

[nvestment on craft
investment on gear

Total

Fixed cost (Rs.)

2.1
22
2.3
2.4

Depreciation @ 8.6% on vessse
o @ %50% on gear
ivterest on capital @ 159

Total fixed cost

Operstional cost (Rs.)

3.1
3.1.1

3.2
313

3.4.4
3.2
33
3.4
3.6
3.6
3.7
3.8
3.9

Fuel o¢il and lubricants

@ 79 Ifhr 20 hrs. of running/day of fishing (Main & Aux.)

@ Rs. 4.50/I for 200 days

4 hrs/day for Aux. for 200days @ 10 i/hr @ Rs. 4.50
115 days on shore at jetty-Auxiliary engine '

8 hrsyday @ 10 l;hr @ Rs. 4,60

Lubricants and refrigerants

Repairs and maintence of vesssl

Repairs and maintenance of tish gear and febrication of new gear

Salary of officers and crew
Expenditure for shore management
incentives and allowance to crew
Unloading of fish catches at jetty
Miscellaneous

Total operational cost

Total cost (Rs.)

Revenus (Rs.) from fish catches

1.000 t @ Rs. 6,000/t for main catch
and 500 t @ Rs. 2,000/t for by-catch

Net earning (Rs.)

Economic paramelers

Rate of Pay back Fixed cost- Operational Fuel cost-

returns of period gross relurns cost=gross refurns gross
% (veare) ratio (%) ratic (%) returns %
36 3.2 37 34 . 20

" 85,00,000
6.00,000

100,00'000

8.07,600
2,560,000
15,00,000

" 25,57,600

13,60.000

36,000 -

41,400
1,00,000
2,50,000
1,00,000
3,00,000

30.000

70,000

35,000

36,000

23,47,400

49,04,900

70,00,000
20,956,000

Break even
catch annum

700t of main
catch & 350 ¢

of by-catch
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types is quite high to indicate economic
viability in their operations under the stated
conditions. Thes  operational cost-gross
returns ratio is much higher for purse-seiners.
This is mainly because of the higher proportion
of the revenus which goes as the total wage
amount in purse-seiners as comparsd 10
trawlers

The project economics of operation for a
34 m steal tuna long-finer is shown in Table 14,
Wide variation in the hooking rate as well as
for unit price have been reported. Assuming
a price of Rs. 10,000/1 for wMa and Rs. 5.000/t
for by-catches the break-even level of product-

ion has been worked out as 5401t of tuna per
annun.

TABLE - 14
Projected economicy of operation of a 34 m OAL tuna long.liner (steel)

1. Capital cost (Rs.)
1.1 Vessel

1.2 Long line gear {300 baskets with § hooks each)

1.3 Total

2. Fixed cost (Rs.)

2.1 Deprecistion @ 8.5 on vessel
2.2 Deprecistion @ 50%, on gear
2.3 Interest on capital @ 15 9,

2.4 Total fixed cost

3. Opéraﬂona! cost (Rs.)

3.1 Fuel oil and lubricants

3.2 Cost of bait fish 160kg/day x 15 day x 16 days'trip x 11 months x Rs. 4/Kg.

3.3 Crew salary

3.4 Incentive 10 crew

3.5 Stores and incidentals {12,000 x 12)
3.6 Repairs {2000 x 12)

3.7 Berthing and other port charges (5,000 x 12)

3.8 Annual drydocking
3.9 Total operational cost
4. Total cost (Rs.)

*5. Break even caich level and returns

5,1 Value {Rs } of break even catch level of 540 t (559.60 t correct to 2

1,20,00,000
3,00.000

1,23,00,000

10,20,000
1,560,000
18,45,000

30,165,000

16,16,000
99,000
3,10.000
3.03.527
1,44,000
24,000
60,000
5,00.000

30,865,827

63,896,024

decimals) of tuna per annum (20 days) of actual fishing per month and

10 months operation) @ Rs. 10,000/t

5.2 Value (Rs.) of by catches {one fourth of by catches {one fourth of tuna

catches) @ Rs. 5,000/t
5.3 Total revenue (Rs.)

6. Netrewrns (Rs.)

6.74,503

60,70,627
Nil

* As the catch rates and unit prices cited in literature are highly varying. only the breakeven
catch lavel at the price of Rs. 10,000t is considered in the above tables, However,
protfits for various combinations of catch levels and unit prices have been calculated and

the same are presented in Table,
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Exploitation of oceanic resources

Tunas: Under this categoiy the oceanic tuna
resources are of prime importance. In this
regard the suggestions given in this paper are
puraely indicative.

Silas and Pillai (1985) have made certain
time bound projections on the possibie deveiop-
ment of commercial tuna production. They
envisaged a target of achieving 23,000t of
large oceanic tunas by long lining by 1990.
Recently the exploratory long lining conducted
by the Central Institute of Fisharies Nautical
Enginesring and Training northwest of Manga-
iore within the EEZ has demonstrated the
commercial availability of yellow fin tunas in
these areas (Swaminath et a/., 1986). The
results of tunas iong lining by Fishery Survey
of India vessel ‘Matsysugandhi’ also revesaled

very rich tuna grounds in the same area (Jossph .
and John, 1986).

Howevar, private or public sector entre-
preneurship have not so far seriously attempted
commercial exploition of these resources and
as such no progress has yet been made in
exploiting oceanic tunas,

Long lining and purse-seining or oceanic
tunas are being carried out successfully in the
western [ndian Ocean mainly by France, Spain,
South Korea and Japan by obtaining licences
tor fishing in the EEZ of Seychelles, Somalia
and Mozambic. '

in this context, immediate option for India
tor the exploitation of large oceanic tunas in
the EEZ is to organise operation by a small
tuna long lining fleet. The feasibility of com-
mercial purse seining slso should be explored.

TABLE - 15

Expected profit ('000 Rslannum) in tuna long-liner (34 m)
operations for different levels of catch and unit prices

Catch level Price of tuna (000 Rs. per 1)

of tuna e o e e

{(t/annum) 10 16 20 25 30 a5 40
150 -4164 -3451 -2739 -2026 -1314 -601 111
200 -3629 -2679 -1729 -779 m 1R¥A 207
260 -3096 -1908 -720 467 16556 2842 4030
300 -2661 -1136 289 1714 3139 4564 5989
350 -2026 -364 1299 2961 4624 6286 7949
400 -1492 408 2308 4208 6108 8008 9908
450 -958 1180 KKil) 5466 7592 9730 11867
500 -423 1952 4327 6702 9077 11452 13827
550 1M1 2724 5336 7949 10661 13174 15786
600 646 3496 6346 9195 120486 14896 17746
6560 1180 4267 73656 10442 13530 16617 197056
700 1714 5039 8364 11689 15014 18339 21664
760 2249 5811 9374 12936 16499 20061 23624
800 2783 6583 10383 14183 17983 21783 25583
850 3z 7365 11392 16430 19467 23505 27542
900 3852 8127 12402 16677 20952 25227 29502
850 4386 8899 13411 17924 22436 26949 31481

1000 4921 9671 14421 19171 23921 28671 33421

Break sven

catch lavel 540 374 286 231 194 167 147

{t annum)
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However, in both cases joint venture/chartering
arrangements and availing foreign expertisa
from countries like Japan will be required faor
successful commercial implementation of these
programmes by India.

The main fishing unit proposed for exploit-
ation of oceanic tunas is the 34 m stes| tuna lang
liner. The vessel and gear are sestimated to
cost Rs. 12.3 million (Table 14). As the catch
rates and unit prices cited for tuna long line
fishing are highly varying, It is telt useful to
provide a table of profit values for 2 wide range
of catch level and unit price. The estimated
profits for different combinations are given in
Table 15. In the calculation, value of by-
catches has also been included on the revenue
side.

As seen from the table, if the price of a kg
of tuna is Rs. 20/kg, st the landing centre, more
than 286 tonnes of tuna should bs caught per
annum tor profit, while if the price is Rs. 10/kg,
more than 540 tonnes should be caught per
annum for profit. Other combination can be
read out from the table. The tabular information
helps in amiving at the number of long-liners
required for econemically exploiting a specified
quantity of the resource.

Cephalopods: George et al, (1977} indicated a
potential yield of 0.18 million t of cephalopods
from the indian EEZ.

Silas (Ed. 1985) emphasises the urgent
nead for developing directad fishing for cephalo-
pods from our continental shelf waters and
suggests utilization of some of the mechanised
boats {9-13 m) for light fishing with lift nets.
It is also suggested that the traditional gears for
specific capture of squids and cuttlefishes are
upgraded and use of traps and posts for Octopus
in the reef and lagoon areas eccouraged. The
multi-species trawl fishery of the inshore shelf
bring in cephalopods in various proportions and
the utilisation of these catches is to be improved.

The Taiwanese bull trawlers which fished
on charter arrangements along the northwest
coast of India in the early eighties confirmed the
existence of excellent squid and cuttlefish
grounds in this area.
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From 15,80t .in 1982, the cephalopod
catches have registered a rise to 42,64t in 1986
indicating the increased effort and returns in
this fishery. This catch has overshot the
30,000 t of potential harvest projectad by Silas
(Ed , 1986) for the year 1990.

Chikuni's (1884) estimate of potential yield
of neritic cephalopods from the Bay of Bengal is
of the order of 50-100 thousand t and from the
Eastern Arabian Sea 100-150 thousand t. In
this context it is essential that concrete steps
are taken to harvest much more of this under
axploited resource of our neritic and oceanic
waters.

In addition to strengthening the eftorts
in harvesting cephalopods from the neritic
waters pioneering efforts are to be made in target
fishing for some of the known commercial
oceanic species of cephalopods. Among them
areto be mentioned the Indo-Pacific species
Symplectoteuthis oulaniensis apparently restrict-
ed to the northern and central parts of the Indien
Ocean,

‘Shoyo Maru’ surveys (Fishery Agency,
1976 to 1979) located significant stocks of S.
oulaniensis in north Arabian sea. The species,
however, is not at present known to be
commercially exploited in any part of the Indian
Ocean.

Jigging, light fishing and drift gill net
fishing are the appropriate technigues for
exploitation of cephalopod resources of EEZ for
which expertise are to be drawn preferably from
Japan through joint venture or charter arrangs-
ments,

Due to lack of precise information on items
such as productivity, distribution and economics
no specific projections are made regarding the
number of squid-jiggers and other vessels
required. A series of simulated commercial
fishing would halp in genserating the required
data base. A programme is already under way
to tost the technical feasibitity and economic
viability of squid jigging in the Indian waters
under the auspices of CIFNET, F$I and CMFRI
and the results are awaited.
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PROJECTIONS FOR ADDITIONAL
REQUIREMENT OF INFRASTRUCTURE
FACILITIES

For the exploitation of the projected poten-
tial of resources from the existing grounds as
well as from the rest of the EEZ apart from
suitable crafts and gears, several infrastructure
facilities like harbours, ice and freezing plants,
curing and drying plants, fish meal plants, and
adequate facilities for transportation are required
and the following is a discussion on the same.

Landing and berthing facilities

An examination of the existing facilities for
janding and berthing the mechanised boats and
deep sea fishing vessels indicates that the
capacity of the harbours and jetties currently
available cannot meet any future demand. The
designed berthing capacity of the major and
minor ports completed [ under construction
(Table 6) is for about 500 deep sea vessels
(Anon., 1983). If all the facilities at the ports
are established as originally envisaged this
would cater to the needs of existing as well as
additional vessels proposed for the first year.
However proportionate expansions of harbour
faciiities will be required 1o accommodate
progressive introduction of boats during subse-
guent years. Therefore it is suggested that
action may be teken to build up the tull capa-
cities and expand all the infrastructural facilities
at selected centres,

Requirement of ice

lce is being used irrespective of the fact
whether the fish is consumed fresh in nearby
places or at distant places or even exportetl.
At present a total
2,000 t of ice per day exists in the country,
astablished in different regions; 480 t UE
coast, 335t LE coast, 885t SW coast and
330 t NW coast (Anon., 1983). Several
estimates of requirement of ice have bden
made which according 10 various uses maey
vary from 0.75 to 1.25 kg per kg of fish.
Taking a figure of 1 kg of ice per kg of
fish, the total requirement for projected
additionally exploited resource of 0.11 million t
would be 0.11 million t of ice a year. Thus at the
end of the 5th year, production of 0.56 million t
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production capacity of

of ice pery ear would have to be effected to maet
the rquirements of the additional -production.
The additional ice planis to meet the require-
menis are proposed to be established at9
major centres, namely Veraval, Bombay, Malpe,
Cochin, Tuticorin, Madras, Visakhapatnam,
Paradeep and Roychowk. The number and
capacity of the plants at each centre would
depend on the landings for which guidelines
can be drawn from the distribution of expected
landing figures (Table 7).

Cold storege

Cold storages are used for storing ice,
storing fresh fish and for storing frozen fish.
As on April, 1985 there w~ere 272 fieezing
plants and 308 cold storages with the total
storage capacity of 34,3.0 t of fish and a
daily freezing capacity of 1,900t (Bhaduri,
1988). The region-wise availability of freezing
plants and cold storages is givenin Table 16,
Howaver, at present most of the cold stor-
ages are not functioning or are being used for
stoting ice due to lack of demand for fish
storage. There are some large cold storages
whers 95% of the space is used for other
than fishery purposes. In this context, imme-
diate expansion of cold storage capacity is
not envisaged,

TABLE - 16

Freezing plants and cold storages in India

Region Freezing Cold
plants storages

U, E. Coast 73 62

L. E Coast 27 36

S. W Coast i1 148

N. W. Coast 58 62

Total 272 308

Source: Fishing Chimes Oct., 1986,

Curing and drying facilities

At present most of the curing and drying of
lish are being done in open air conditions.
This calls for the sestablishment of modern
facilities for these purposes, Curing and drying
being the second largest method of fish
utifization in the country, elaborate infra.
structure facilities aré required to  be
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established and hence the same could be taken
up as a phased programme in the years to
comeo. At present about 20% of the total
marine fish catch {about 0.3 million t) goes
for curing and drying (Nair and Govindan.
1986). Assuming that the same ratio will
hold for projected additional production of
0.11 millient fish a year, modern facilities
for deying 0.022 million t of fish are to be
immediately established .at the major and
minot fish landing centres, where these catches
are expected to be landed. In view of the
large quantities of Stolephorus spp- which
are expected to be landed along the lower east
coast, a major facilily may be estabilished at
Tuticorin and near about centres. To start
with plants of appropriate capacities as per
CIFT specifications may be established at
the major and minor fisheries harbours.

Fish meal plants and Ffish pulverizers

The capacity of fish meal plants in the
country’ (Gupta of al, 1984) has been
estimated as 374 { per day and that of the
fish pulverizers 1o be 925t per day (in tarms
of fresh weight). The total production capa-
city of fish meal plants and pulverizers was
about 0.474 million t, per annum as against the
actua! production of 0.24 million t, thus indica-
ting idling of these plants by more than 509 of
thair capacity. Therefore it is presumed.that the
available capacity of these plants is sufficient
to meet the first five years requiremants of
the additionally exploited resources also,

Diversified processing

For better utiization of the fish caught,
it is but necessary to diversify the products
and test their marketability. In this way several
of the so called low quality fish can find
better utifization. This is especially the case
with respect to the large stocks of meso-
pelagic resaurces which are yet to get accpted
in the domestic markets. Tecnologies are now
available for diversified processing of marine
fish. One such method is picking meat from
small and miscellaneous fishes and making
it into frozen blocks known as ‘Kheema,
which could be used for preparing a variety
of items such as fish extract, fish paste,

fish flake, fish finger etc. Fish protein
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concentrate is prepared from such picked meat.
Bacteriologicai peptone useful for preparing
culture media for microbial organisms is also
prepared from minced fish. The fish hydrolysate
can be incroporated with malt, sugar, cocoa
powder etc. and dried to yield a fine baver-
age. The same minced fish can be used for
prepating fish soup powder. Fish pickling can
also be tried. With the exploitation of the
additional resources as projected in the
paper, large quantities of coastal tuna would

be landed. It is suggested that 'mas min’
{(smoked tuna fish) may be produced at
selected centres- of southwest and lower

east coast for internal marketing.

Table %7 gives the list of some of the
important diversified products developed and
marketed by |. F. P. Largescale adoption of
these techniques would go a long way in
promoting conversion of the cheaper and
non-conventional varieties of fish 1o value
added products.

TABLE - 17

Some of the important diversified producis
developed and introduced into the market by the
Integrated Fisheries Project, Cochin during
the period 1968-84

Deop sea lobster tails

Fish fillets

Cuttle tish and squid fillets

Fish Keema

Fish roe

Dried fishes

Fish fritters

Fish soup

Fish powder

10. Pasterised deep sea shrimp

11. Dried squid wafer

12. 1QF products

13. Mas - min from tuna

4. Canned fish products in oil and brine
16. Frozen fish, crustaceans and molluscs
16. Lobster pickles

L I

Requirement of transport facilities

Proper transport facilities are essential
for this easily perishable commeadity. Mode
of fish transportation varies according 1o
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type of consuming centres. Fish is transported
either in fresh condition or in processed
from. Processed fish includes sundried and
salt cured fish and fish meal. The fresh fish
for local consumption is transported in cycles
or as head loads, while to far off consuming
centres it is done either by truck or rail,
Transportation to processing plants is also
involved. However, no information is available
about the average distance for transportation
of dilferent types of fish in different regions.

As mentioned earlier about two-thirds of
the tish produced is consumed in fresh
condition out of which about 509%, is assumed
to be consumed in areas nearer the coastal
belt. The balance of the annual additional
production. namely, 36,000t ot fish would
have to be transported to longer distances.
Assuming rail transport for one-fourth of this
quantity, about 27,000t of tish would have
to be transported by trucks. The number of
trucks required to dispose of an average daily
production of 135t would be 45 of 61t
capacily which effectively transport iced fish.
Taking the average distances travelled by a
truck to dispose of the fish to be 200 km,
gach 1truck could take the load only on
alternate days. Thus the actual number of
trucks required would be 90 for a one year
period and these could be provided at the
important ports. Guidelines for regionwise
distribution can be had from the table
giving the expected distiibution of landings.

Development of markseting system

Eventhough need based arrangements for
the marketing of fish in the country are in
voguse, the systemn has to be further deve-
joped according to future needs by adopting
proper management strategies. The fishermens
co-operatives which at present are nol a
force in themseives are to be strengthenad/
established in every major fish landing centre,
s0 that many of the intermediaries could be
avoided thus promisjng legitimate retuins to
the fishermen for their catches.

At present flow of fresh fish into the
interior areas js rather poor for lack of
proper transport and storage facilities. The
fish that reaches the interior markets is often
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partly spoiled. If adequate facilities for tran-
sportation (insulated’refrigerated trucks) and
cold storages at the markets are available,
more quantities of fresh fish could moved to
tar interior areas and marketed. Therefore a
chain of cold storages of appropriate capaci-
ties, based on lhe local demand as asceit-
ained through consumer surveys. areé to be
established ( cold chain’) on a country wide
level.

With the exploitation of the oceanic
waters considerable quantities of non-conven-
tional but edible resources like Chloroph-
thalmus spp., Priacenthus sp. and Centrolophus
sp. may be landed which may not be readily
accepted by the consumers. Howevar, it

-minced fish popularly known as “‘lish kheema’

is produced marketing may not be a problem.
Mention has already been made of the several .
such products which can be developed.

Along with the diversification of fishery
products, acceptance of the products by the
public is to be ascertsined. In the absence
of a true picture of the marketing conditions
it is ditficult to precisely spell out the
infrastructural requirements like cold storages.
drying plants, fish meal plants and the
ransport systems. Comprehensive market
surveys are 1o be conducted to ascertain the
cold chain centres, capacity and number of
cold storages drying facilitiess and routes,
modes and capacity of transpoit system to
be established for the purpose. Along with
this, conumer education has to be organised
for making people aware of the diversified
products and their quaiities.

In seasons of heavy fish catches the
price of fish comes down alarmingly and
this leads to poor returns to the fisherman.
During such timss the governmental agencies
or marketing societies should enter into the
market and purchase ths axcess fish at
reasonable price and store for the lean
periods. Also it is necessary that minimum
support price for ail varieties of fish may be
fixed so that fishermen are assured of proper
returns for their commodity. Such a system
will encourage fishermen to land ail what
they catch (trash and non-conventional fish)
which other wise they throw back into the sea.
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CONCLUSIONS

Since early fifties marine fish production
in the country rose steadily from 0.5 mitlion
tonnes end crossed the one millien mark in
1370 due to several R & D inpuls. However
during the mid-seventies the production
reached a plateau and remained so until
garly eighties. The present production is of
the order of 1.6 million tennes.

Based on different approaches such as
the estimates of primary production, trophic
relationship, exploratory tishing. acoustic survey
and exploited resources, the potential of
harvestable vyield of ftishes in the EEZ of
India was estimated at 4.5 million tonnes.
Accepting this as
potential yield it is seen that the present
production in the country leaves an un-
exploited stock of about 2.9 million tonnes:
This calls for immediate stralegies for harvest-
ing the additional quantities in the coming
years in 8 phased manner. Towards the develop-
mant of such a strategy an attempt has been
made in this paper to bring together back-
ground information on the region-wise exploited
stocks, calegOrywise  potential resources,
available infrastructure, pattern of utilisation
and marketing aspects. The projection with
regard to expected additional yield, infrastruc-
ture needed to achieve the targeted production
and the economics ol vessel operations are
presented. Utitisation and marketing require-
ments are also discussed.

The fishing pressure at present both from
artisanal and smali-scale sector i8 mainly
within the 50 m depth. It is pointed out that
additional increase from this zone will be
only marginal except in the case of some of
the underexploited rescurces like white-baits
and horse-mackerel. Howaver, extension of
fishing activities beyond 50 m over the shelf
region will bring an additional yieid in the case
of resources such as small tunas, catfish,
horse mackere! & scads, perches and ribbon-
fish.

There are good prospects, as revealed
by exploratory surveys, for the harvest of
resources such as larger perches (Epinephelus
spp., Lethrinus spp . Lutjaneus, pristipoma spp).
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the basic figure of the.

from "the banks and rocky out- growth off the
west coast. Deep sea crustaceans comprising
deep sea lobster and penaaid prawns from
the continental siope and a variety of non:
conventional edible finfishes such as bull's
eye. Indian drift fish green aye and the black
ruff as well as miscellaneous fishes like rat
tails and boar fishes are available from the
deeper trawling grounds

Over and above this, the potential for
exploitation of larger tunas, pelagic sharks,
marlins and oceanic squids, is promising from
oceanic waters including the istand territories
of the Andaman, Nicobar and Lakshadweep.
These remain virtually un-tapped at present.

Considering the fact that it has taken
more than two decades {0 realise an additional
preduction of oneg million tonnes from the
level of 0 5 million tonnes in the fifties despite
the steady increase in development inputs,
the strategy suggested in the paper envisages
introduction of additional production means
and infrastructure in a phased manner, in
keeping with the current realities. Attention
is also drawn to the gaps in information
observed in certain critical areas.

The propesed plan is summarised beiow
with suitable recommendations.

1. In order to harvest a pari of the exploit-
able resources, the plan is to introduce 160
additional vessels comprising 65 smali purse-
seiners (13.6m), 55 medium trawlers (17.5m)
and 40 large trawlers (26m) during a one
year period. This would result in about 0.11
million t of additional vyield from the shelf
and slope areas. The species-wise disribution
of the expected additionai yield is given in
Table 7. The total investment for the purchase
of crafts and gears woulid bs about Rs. 647
million out of which Rs. 400 million would
be tor the large trawlers alone.

The region-wise distribution of additional
vessels requirad for sxploitation of dilferent
categories for a one year period is indicated

along with suggestions for suitable gears to
bs operated (Table 8).
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The plan envisages progressive introduction
of vessels leading (o an additional anpual
production of about 085 miliion t in the
filth year and this wouid resuit in harvesting
of 5.60 percent of the exploitable yield of
the selected resources.

The target resource considered are white
baits, costal tunas, elasmobranchs, cat fish,
perches, croakers, ribbonfish, carangids,
clustaceans and cephalopods. However for
lhe oceanic tunas and cephalopods no estimate
ot projected catch and number of vesselsis
included in the figures stated due to want
of critical data (also sees item 9 under
‘Conclusion’). «

2. The addition of vessels should be made
in a phased manner with some amount of
flexibility. The performance should be moni-
tored and critical appraisal should be made
year after year using feed back data on the
achisvements. Suitable modifications may be
made, il need bse, to suit the developing
situation.

3. With the progressive increase in the number
of vessels the requirement of trained men
also increases. It is estimated that a total
of about 19850 trained personel including
skippers and chief engineers would be
required for a one year period to operate the
proposed number of vessels (Table 9).

4. Deep sea non-convaentional {ishes obtained
as part of the caich should be brought to
the shore as they offer good potential for
conversion to edible products or reduction
to tish meal and manure:

Towards better utlisation of non-conven-
tional and new resources the technological
institutions should undertake product develop-
ment for consumer acceptance coveling a
wide range of resources.

6. In the case of the three major categories
of fishing units proposed, namely purse-seiners
(13.6 m), medium trawlers (17.5m) and large
trawlers (26.0 m} the projected economics of
operations have been worked out and found to
be commercially feasible (Tables 10 to 13).

6 To ensure additional production and bring-
ing in unconventional fishes, it is desirable
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to declare remunerative support price of different
varietios of fish landed. Fish co-operatives
could be the best agency for deciding and
implementing such a programme..

7. The suggested modalilies of increasing
fish production in a phased manner should
take into account the required infrastructure
development in terms of landings. berthing,
ice=plants, cold storages, fish processing plants,
tish drying units, transportation and marketing,
The problems involved have been Bbroadly
considered and indications have been given
on future needs.

In order to make more specific recommen-
dation about the location of cold-chains,
processing plants and  transportation routes
and to understand the consumer behaviour
end the changing demand-supply position, it
is sssential 1o carry out periodic market surveys
at micro and macro levels.

8. Bulk of the coastal tuna catches currently
come from' the smalil-scale fisheries ssctor
using drift gilinets and hooks and lines. With
the increasing trénd in motorisation of counfry
crafts it is time to introduce innovations in
the country craft and gear to enhance fishing
capabilities and to provide icing and storage
facility onboard.

in the Lakshadweep area, the existing
mechanised pole and line units can be improved
by introducing larger boats with adequaste
storage and navigational facilities.

9. There is considerable potential for the
exploilation of oceanic tunas and related
species. However, so far, only the skipjack
and young vyellowfin tunas occurring in the
Lakshadweep waters are exploited and that
too in small quantities through smali mechanised
units using pole and line. The exploratory cruises
of the Govt. of India vessels have shown possibi-
tities of tuna long lining in commercial quantities
from our seas. But the data provided have shown
highly varying hooking rates and it becomes
difficult to project economic viability of such
operations. Considering these, a table has been
constructed (Table 15) indicating the expacted
profits in long-line operations for various combi.
nations of tuna catch level and unit price. This
would help in providing guidelines for decision
making.
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In the case of cephalopods, increassd
catches can be made by directed effort on
the neritic resources and extending the fishing
activities to deeper areas. Specific fishing
methods such as squid-jigging, light fishing
and drift gill netting are suggested as appro-
priate techniques and some of these require
expertise from countries like Jspan.

Distant water fishing using long-liners,
purse-seiners and squid-jiggers, being a highly
capital intensive venture in terms of cost of
vessels, fishing equipments and operations,
an adequate return for the investment depends
on high productivity from the operations as
well*as easy and profitable sale of catches
in internal and external markeis. Expertise in
fishing operations is an important contributing
factor in increasing the productivity. It is
desirable to have more joint ventures and/or
chartering of foreign vessels at least for some
more time 10 come so as to enchance production,
develop expertise, generate confidence and
make the industry economically viable.

10. In developing suitable programmes for

tspping the resources it is essential that
Government of India vessels undertake
Systematic simulated commercial fishing for

target resources by different types of fishing
operations. Such operations would generste a
good amount of data essentially needed to
confirm areas and season of fishing and arrive at
the number of deep-sea vessels such as long-
liners purseseiners and squid-jiggers needed to
economically exploit the oceanic tunas, tuna
like species and cephalopods.

11. The export trade in our country has so
far been concentrating mainly on the limited
stocks of coastal shrimps even though fish expons
have of lete been increasing. Future strategies
therefore require diversification of this export
trede in much bigger way by bringing in
varieties of fishes spart from Crustaceans,
squids and cuttle fish.

12. Most of our resources are Known to
exhibit seasonsl fluctuations which are due to

fishery independent factors. Thare is urgent
need for integrating environmental data with
rasources datz. At present a number of
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organisation are engagad in the collection of
enviromsntal and exploratory fisheries data. It is
suggested that the vessel facilities available
with the different organisations under the
Govt' of India are pooled together to under-
take surveys of the resources and environmental
studigs in different regions Bringing the vessel-
based programmes under one umbrella will
almost eliminate duplication of efforts and
permit more efficient use of the scarce resources
of vessel and specialised man power facility.
The concurrent information genserated on the
fishery dependent and independent factors,
would permit better understanding of the
potential stocks in the EEZ and the contiguous
seas and help not only in making short and
long term fisheries forecasting but also in
formulating sound management policies,

it should be mandatory that the joint
ventureschartered vessels and large vessels of
private enterprises must collect some minimum
environmental data and provide the same along
with the data on exploited resources to the
concerned central organisations so as to carry
out integrated analyses for better appreciation
of the dynamics involved.

13. An essential component of the develop-
ment strategy in marine {isheries sector isa
strong data base relating to the various stages
of production and distribution. For this pur-
pose the C. M. F. R. |. has developed a Nationa!
Marine Living Resources Data Centre at its
headquarters with fishery and computer
expertise. The centre forms an excellent
store-house for all fisheries data which would
help in co-ordination of research and allied
activities in the marine fisheries sector. Data
flow to NMLRDC from all organisations and
industry should be ensured for quick processing
and dissemination at national level, A
mandatory provision has to be introduced for
this purpose.

14. Knowledge about the spscific distribution
of potential marine resources, provision of
improved means of production, development
of infrastructure facilities for landing. storage,
processing, transporting and marketing, mesting
the requirements of man power and credit
and a sound policy for judicious exploitation
are some of the major aspects concerned
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with the development of marine fisheries.
Thus the total marine fisheries system has
to be viewed as one comprising of several
interlinking sub-systems. In order to achieve
the best results a system approach has to be
followed in any future strategy for exploitstion
and utilization of our vast marine living
resources. There has been much thinking about
the formation of a Marine Fisheries Develop.
ment Board at the national level with adequate

powers. Such a Board can co ordinate the
activities of the various sub systems
involved and ensure timely and effective

implementation of the development programmes
It would be appropriate to consider creation
of a Ministry of Fisheries to administer all
activities covering the fisheries of the country.
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Paper -13

EXPLOITATION OF JUVENILES OF GREEN TIGER
PRAWN. PENAEUS (PENAEUS) SEMISULCATUS, ALONG PALK

BAY AND ITS IMPACT ON THE PRAWN FISHERY
OF THE REGION

P. E. Sampson Manickam, M. R. Arputharaj and P. Vedavyasa Rao
Central Marine Fisheries Raseatch Institute, Mandepam Regions! Centre,
Mandapam Camp

ABSTRACT

The green tigar prawn. Penaeus (Penaeus) semisulcatus, contributes 10 over 50%, of the total
prawn catch ladad slong the Palk Bay coast  They are caught by the indigenously davaloped trawl«lixe
bottom nets and trawi nats gperated by non-mechanised and mechanisad fishing vesssts within the 12 matre-
depth zone  With the incressing demand for prawns by the export trade, intenss fishing for juvenile prawns
which inhabit the seagrass scosystem near the shorg is t4king place all along the cosst. The results of the
survey carried out on this exploitation pattarn sre reported in the paper.

Fifty viltages trom Adirampattinam in ihe north to Thangachimadam in the south serving as basss for
the operation of 2,500 indigencus fishing cratts are involved in the fishery. They are oparated mainly during
night and the area of oparation is ths 3-4 metre depth 2002 fr,m the shore. The gear used is basically »
minigture two-aeam bottom trawl net without otter boards. The mouth opening of the net is maintained by
twa sticks provided at the wings of the net. Ths cod-end mesh size of the gear ranges from Smm to 25mm.
Depending on the size of the bost. either 8 single net or two ners aie operated  Wind power using 1 to 3
sails is utiized for effective rawling. Besidss 1his. juvenite prawns ere also caught by small trawl nots tied
to hip and dragged along the boitom vary near the shore by two parsons,

The prawn catch, the bulk of which is composed of juvenils Penaeus semisuicalus, is found to
vary from 2 kg to 10 kg p3r day. The size of the exploited P. semisulcalus ranges trom 31 mm 10 100 mm
1otal length weth the dominant size group at 45-70 mm.  Begidas prawns, &dch unit aiso takes about & kg ot
se8gress and sedweeds par haul,

Although the oparation of bottom trawl nets by sail boats for prawns in this region is known since
one and half dacades, such intensive fishing by indigenous craits and gesrs in the very neat shore waters
throughout the year is & recant development. As the catch is camposed sxclusively of small sized juvenile
prawnsg and since the nets are operated in the seagrass beds which form the nursery grounds for the prawn
re80urces, ths impact of this expioitetion on the overall P. semisuicalus resource in the region is discussed.

INTRODUCTION ment. In the sixties, the principal

the prawn

specias in
fishery of the Palk Bay was

The Palk Bay extending from Point Cali-
mere to Dhanushkodi with a coast line of
about 274 km on the southeast cost of India
is a large embayment. It is shallow and
contgins congenial habitat for penasid prawns
that are commercially exploited. With the
initiation of operation of mechanised fishing
boats with trawl nets in the early sixties and
establishment of shore and base facilities at
certain centres such as Remeshwarm, Mandapam,
Kottaipatnam, Jegathapatnam and Mallipatnam,
the prawn fishery of the region gradually
expanded to produce at present ebout 8,840
tonnes of prawns annually,

Over the vyears, this expanding fishery
witnessed certain changes in the exploitation
pattern, species composition and gear deploy-
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Metapanseus affinis (James and Adolph, 1965),
Since the early seventies, Penasus semisulcatus
formed the major species contributing to about
899, of the prawn catch of the area {Nanda -
kumar, 1980). Similarly. besides the conven-
onal bottom traw! nets operated by small
mechanised boats, several indigenously develo-
ped nets, simulating the trawl nets and
operated by non.-mechanised boats have been
introduced to capture prawns. While these
crafts and gears have until recently been
capturing the adult prawns inthe Bay, consi-
derable number of thess units are in recent
times being employed to capture juvenile P.
semisuicatus inhabiting the near shore waters.
This situation has stemmed from the increasing
demand for prawns in the export trade, the
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increasing fishing pressure and the fluctuating
production trend. As the large scale exploit-
ation of the juvenile P, semisulcatus would
affect the overall stock of the species in the
Bay and since the information on such exploit-
ation is of vital importance in the rational
management of the resource, a survey is
carriad out on the juvenile prawn fishery of
this area. The results of this survey are presented
and discussed in this paper.

METERIAL AND METHODS

The survey was conducted during January-
Mav, 1987, 77 fishing villagas along the Palk
Bay coast from Thangachimadam in the Ramesh-
waram island in the south to Point Calimere
in the north were visited. During the visit,
information on the number and type of the boats
employed in the juvenile prawn fishery, size
of the nets and mesh size and modes of their
operation and characterisistics of the fishing
ground such as nature of the bottom, depth and
availability of seagrass was collected

To study the species and size composition
of the catch, random samples of prawns
weighing about one kg, were collected from
the bosts operating at four ecologically different
grounds of ; 1) less than 2m depth having
profuse vegetation of seagrass; 2) 2 todm
depth with seagrass beds; 3) 410 5.5 m deep
with patchy seagrass beds and 4) 4to9m
deep with muddy bottem. Prawn samples were
also collected from the nets with different
mesh size operating in these grounds,

The size of prawns presented in the paper
relates to the total length measured from the
tip of rostrum to tip of telson,

SURVEY AREA

The Palk Bay. bordered by a more or less
semicircular coastiine is a shallow, flat basin,
the maximum depth not exceeding I3 mto a
considerable distance from the shore. About
12 rivers drain to the sea along this coast,
particutarly during the north-sast monsaoon
season. the most important- of these rivers
are Vaigai, Vellar, Ambuliar, Maharaia Samudram
and branches of Cauvery draining at Muthupet
area, The coastline between Devipatnam and
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Adirampatnam is besat with several creeks in
bstween the villages, where mangrove vege-
tation of varying intensity is available. Simi-
larly, the coast bhetween Adirampatnam and
Point Calimere has several mudflats besides
the extensive mangrove, including the weli-
known Muthupet mangrove swamp.

On the basis of the topographical features
and the nature of the sea bottom in the inshore
region, the Palk Bay coast can be divided
into three regions. The northern part of the
coast extending from Point Calimere to
Koilukkadu is characterised by muddy bottom
upto about 55 m depth zone; the central part
from Kollukkadu to south of Devipatnam has
axtensive seagrass beds near the share. while
southern region from Devipatnam to Thangachi-
madam in the south has intermittent sandy and
muddy bottom except for a 5 km stretch on
either side of Mandapam, where the sea bottom
is beset with seagrass beds and coral patches.

Although the information on the hydrogra-
phical features of the waters of the PFalk Bay
is available mainty from the work of Murty and
Varma (1865), several studies have heen
carnied out on the physico-chemical conditions
and primary and secondary production of
Mandapam area (Jayaraman, 1954; Prasad
1958; Nair ef a/, 1973).These investigations
have shown that the Bay of Bengal waters
entering thraugh the Palk Strait greatly influence
the hvydrological parameters such as temperatue,
salinity, surface density and dissolved oxygen
of the ecosystem The near shore waters is
gonerally characterised by relatively higher
temperature, lower salinity and density than the
offshore waters. The inshore regions of Palk
Bay are also found to have high levels of
primary production. These features, as well as
the presence of seagrass beds afford conge-
nial habitat for the juvenile penaseid prawns
to grow.

The current-pattern and the wind flow over
the Palk Bay show regular seasonat cy¢le corres.
ponding to the south-west and north-east
monsoons  In the southern part of the Bay, the
predominant current is$ south easterly from May
to September. |In Qctober and from February to
the end of April the current is found to be
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TABLE : 1

No of non-mechanised sail boats Involved in the fishery

Name of the landing Centre  Large (11-14m)  Medium(7 10m)  Smallibelow 6m)  Total
1. Akkalmadam {S) — 200 — 200
2. Devipatnam P 40 100 56 196
3. Thirupalaikudi (P) 160 50 — 200
4. Morepannai (P) 71 62 - 133
5. Karangadu (P) 66 30 — 95
6. Mullimunai (P) 120 8 — 126
7. Pudupatnam (E) 44 23 - 67
8. Soliakudi (E) 25 - 15 40
9. Nambuthalai t$) 126 — —— 125

10. Thondi (P) 97 56 30 183

11. Valasaipatnam (E) 15 —_ — 15

12 Narambal {(2) 22 — - 22

13. Demodaranpatnam (E) 4 10 — 51

14. Pasipatnam (E) 120 25 40 186

15. Theerthanathandam {E) 5 — —_ 5

16. Puththukuda (E) 45 — — 45

17. Arasanagiri (E) — — 4

18. Puthoor (8) 13 67 — 198

19. Gopalapatnam (P} 49 — —_— 49

20. lyenpatnam {E) 27 —_ —_ 27

21. Kottaipatnam (E) 34 — — 43

22. South Pudukudi (P) 42 — — 42

23. North Pudukudi (E) 75 — — 75

24, Ammapatnam {S) 12 — — 12

25.. Thulasapatnam {5) 62 — — 62

26. Nsrth Ammapatham {E) 70 —_ — 70

27, Krishnajipatnam (E) 18 — —- 16

28. Prathabharamanpatnam (E) 20 — — 20

29, Kattumavadi {E) 35 — — 35

30. Sembumadevipatnam (E) a0 — — 90

"~ 3%, Vallabhanpatnam {E) 156 4 — 19

32. Somanathanpatnam {(E) 19 — — 19

33. Puthutheru (E) 9 15 — 24

34. Manthiripatnam (E) 1 16 — 28

3b. Senthalaipatnam (E) 73 — — 73

36. Sembaipatnam {E) 68 — —_ 68

37. Karanguda {E) 11 — —_ 11

38. Oththaiveadu (5) 2 — —_ 2

39. Kazhumanguda {E) 44 —_ _— 44

40. Setnubhava Chatram  (S) 30 - — 30

41. Piliaysrathidal {P) 4 _ — 12

42. Manora colony (S) 1 — — 1

43. Chinnamani 1S) 16 — - 15

44. Pudupatnam (8) 20 5 — 25

45. Kollukadu (E) 16 — - 16

48. Aliathikadu (S) 16 — —_ 15

Total : 2001 676 145 2822

(E) - Villages, where all the fishermen are engaged in the cepture of prawns throughout

(P) = Villages,

the year. {27)

the year. (9)

where only some of the fishermen are involved

in the fishery throughout

(S) = Villages, where fishermsn are involved in the fishery only during peak fishing season. (10)
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variable, while in Decembsr and January, the
matn current is south westerly across the Gulf,

VILLAGES INVOLVED IN THE JUVENILE
PRAWN FISHERY

Of the 77 fishing villages surveyed, fisher-
men of 46 villages are found to exploit the
juvenile P. semisulcatus sither through out the
year or during October.December which forms
the peak fishing season for the species, On the
basis of involvement of fishermen in the fishery
the 46 villages are further classified into three
categories, namely : 1) villages where all the
fishermen are engaged in the capture of prawns
throughout the year (27 villages); 2) villages
wheig only some of the fishermen are involved in
the fishery throughout the year (9 villages) and
3) villages whaere fishermen are involved in the
fishery only during the peak fishing season (10
viltages), (Table 1). It my be noted that most
of the villages in the lower half of the coast are
engaged in the fishery throughout the year. At
one of the villages in the southern coast,
Akkalmadam, the fishermen go for prawn fishing
only during April-October. During the other
months. they migrate to Gulf of Mannar as the
wind flow becomes unfavourable for the
operation of saill in this coast.

The availability of prawns throughout the
year in the fishing ground and the monsoconal
winds blowing over the Bay favour round the
year operation of sail boats particularly in the
western region of the coast. The lean season
found during February-April coincides with the
less breezy transit period from north-east to
south-east mansoon, when the wind direction
is also found 1o be erratic,

Fishing for juvenile P. semisulcatus is
generally carried out during night. In the day
time. the fishermen go for crab and or cepha-
lopod fishing.

CRAFTS AND GEARS EMPLOYED
IN THE FISHERY

Crafts

Non-mechanised, flat bottom. wooden,
plank-built boats are employed sexclusively in
the juvenile prawn fishery of the area. In the
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46 villages surveyed st present, 2,822 boats are
engaged in the fishery.  Of these, 2,001 larger
boats measure 11-14 m, 676 medium size boats
are 7-10 m long and 145 smaller boats measure
less than 6m (Table 1), The design and con-
struction of these different size boats are
basicaily similar.

Sails and wind energy are used for the
propuision of the boats and the operation of
nets. The larger boats use upto three sails, the
medium 8ize boats two and the smaller boats
one. The larger boats, in the lower half of the
west coast {from Devipatnam to Pasipatnam),
operate 2 nats while in the upper region, they
use only one nat, All the other boats use only
one net. Though 2,822 boats are involved
in the fishing, only ',126 boats (970
larger, 112 medium and 44 smaliar) are engaged
in the fishing throughout the year and the rest
only in the seasonal fishing.

The boats are constructed mainly at Thiry-
palaikudi, Thondi and Adirampatnam. The
construction cost of the larger boat (14 m size)
is found to be about Rs 258,000 and of the
medium size about Rs 9,000/..

Gears

The gear operated by the sail boats is locally
known as ‘Thallu velsi’ and essentially resembloes
in its design a small two seam shrimp trawl
without otter boards. The size of the net varies
from 10 m to 18 m. Generally, the 18 m long net
is aperated by the larger boats {14 m); while the
net of 12 m size by the medium boats or in the
twin net operation by the larger boats., The
smaller nets of 10 m size are mainly used in the
medium as well as smaller boats,

The net is made up of blue HDPE twines.
The webbing used for the net vary at different
part of the net, The body and the wing are
fabricated by 0 75 mm twine with mesh size of
10 to 20 mm in the former and 25 to 35 mm in
the latter. The cod-end which is relatively
longer as compared to the size of the net is made
of 1 mm twine with mesh size varying between
7 mm and 16 mm. 6 to 8 mm diameter ropes of
HDPE matserial are used for head and foot.ropes
of the net. An iron chain weighing about 8 to
10 kg is provided at the foot-rope. The chain
is tied to the foot-rope at 20 cm intervel all
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along its length. But in certain villages, the
chains are provided after leaving a few metres
on either side of the foot-rope  The head-rope
contains 6 to 7 floats. A float as well as a
sinker is attached to the cod-end. The warp
rope used is generally of 20-25 mm thickness.
made of HDPE. To facilitate proper spread of
the net, spreader sticks ranging from 45cmto

90 cm in length and 25 mm in diameter are used .

The cost of the nets ranges from Rs. 500 to
Rs. 1,000/- depending on the size of the net.
Often, the nets are made utilising the used
piaces of trawl nets

Operation of nets ' -

In the single net operation, the ‘Thaliu
velai* is rigged from any one of the lateral sides
of the boat. In order to fatilitate maximum
coverage of the area and mouth opening of the
net during operation, one wooden pole is tied
at the front and another similar pole &t the rear
part of the boat. To the tip of these poles, the
warp ropes are tied securely and the net is ghot
into the water. In the twin net operation, two
nets of same size are kept side by side and the
inner warp rope of each of the net is tied
together so as to form a single warp line, thus
the two nets while in operation have only three
warp lines. As in the case of single net ops.
ration; the outer warp ropes are tied to the front
and rear portion of the boat and the central warp
tine at the middle. The entire combination of
nets is thus balanced on a cross beam,

The nets are generally dragged parallel to
the coast for one hour duration at a speed of
about t km/hr. As the nets are operated at the
side, the boat moves laterally forwards.
pective of size of the boat and the net, these
units are operated by two persons, generally an
adult male and a boy of 12-15 year old, for
single net operation,

Besides the above gear, smaller nets less
than 10 m long with almost the seme design,
but having a scare line attached to the warp
rope are operated in shallow waters, by two
fishermen or fisherwomen, wading in the water
with the warp attached to their waist. In recent
times, this gear is gaining popularity and in-
creasingly used in certain areas of the coast.
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Irres-

THE FISHERY
Specias composition

An analysis of the catches landed by the
units operating within 6.5 m depth zone over the
seagrass beds showed that juveniles of P,
semisulcatus contributed sbout 959 of the
prawn landings. At a few centres such as
Devipatnam, Mullimunai, Narambal and Solia-
kudi, Penasus latisulcatus. Metapenasus bhurken,
roadi (35-78 mm) and Mes‘apenasopsis stridulsns
(38-66 mm) were also encountered in the
catches along with P. semisulcstus. Hawever,
the percentage cantribution of these species
was only about 6-109%, of the total prawn catch.
In the other centres, the catch was exciusively
composed of P. semisulcatus.

At Eripurakkarai and Peint Calimere which
are on either side of Muthupet swamp, (he
species composition of the catch was totally
different. At these centras, the catch was
composed of Metapsnaeus dobsoni {43-73 mm)
P. merguiensis (88-123 mm), Parapanseopsis
stylifers (61-108 mm) and P. Indicus (78-
114 mm) in that order of abundance, although
the same type of gears are employad., P,
samisulcatus was not encountsred in the catches
of this earea.

Size composition

The overall size range of P. semisulcatus
population exploited by the non-mechanised
sail boats operating ‘Thalluvalsi' between the
shote and 9 m depth zone was found to be
between 23mmand 128 mm The bulk of the
the catch was formed of juvenile prawns
measuring betwesn 33 mm and 68 mm, with
a modal size at 38-43 mm.

The analysis of the size compasition of
prawns landed at 11 fishing villages showed
that the exploited population of P. Semisulcatus
at Devipatnam, Mullimunai, Pudupatnam, Solia-
kudi. Valasaipatnam and Narambal was similar
in size. In all these centres the modal size
was 53 mm, within the major size group
of 43-63 mm and the size range of 23-123 mm
However, at Pasipatnam., it was formed of
smaller size prawns measuring between 23 mm
and 68 mm with a modal size at 33 mm. This
was mainly due to the large scale operation of
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manually operated nets in the very shallow waters
of less than 1.5 m. in contrast, the prawn
catches landed at Puththukuda, Krishnajipatnam
and Kazhumanguda were found to be compo-
sed of juveniles of relatively larger size 48.
103mm. Still larger size prawns (58-128) were
exploited from Akkalmadam.

Analysis of size composition of prawn
catches obtained from different grounds (Fig. 1)
having extensive seagrass beds, patchy seagrass
areas and muddy bottom and at different depths
between the shore and @ m depth zone showed
that P. semisulcatus ranging in size from 23 mm
to 73 mm with a modal size at 38 mm predomi-
nated in the shallow waters (less than 2m),
characterised with extensive seéagrass beds, In
the slightly deeper zone (2-4 m) with seagrass
vegetation, the dominant group of prawns
caught had the modal size at 53 mm within
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Fig. 1. Siza distribution of Penaeus semisulcatus
from differsnt grounds.
(&) from less that 2 m depth having extensive
ssagrass beds; (B) trom 2 to 4 m depih with
seagrass vegetation: (C) from 4 to 8 m depth
with patchy sesagrass bed; {D) from 4 to 9 m depth
muddy bottom; (E} from the open water by
trawl fishing.
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the size range of 33-123mm. In the depth
zone between 4 and 6 m, having patchy sea-
grass bottom, the prawns measuring from
38 mm to 128 mm with the modal size at 68mm
formed the bulk of the caich. In the muddy
grounds of 4 to 9 m desp, relatively larger
prawns (size range 58-128 mm, modal size
103 mm) predominated in the catch.

To find out whather the nets with different
cod end mesh size of 7 mm, 10 mm and 18 mm
operated in the region selectively catch the
prawns, the size composition of the catches
obtained by these nets were analysed (Fig. 2}.
It was found that although, the size of the
prawns caught by the nets having 7 mm 10 mm
and 15 mm cod end mesh was 38-98, 33-108
mm and 38-123 mm mm respectively, the imodal
size was at 53 mm irrespective, of the difference
in the mesh size.
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Fig. 2. Size distribution of Penaeus semisulcatus
caught by nets having dilferent cod end mesh sizes,
{A) 7 mm cod end mesh size; (B) 10 mm cod end
mesh size; (C} 15 mm cod end mesh sizs,

Estimation of total prawn catch and its disposal

Reliable informaticn on the total quantity
of juvenile prawns exploited by the non-mscha-
nised units in the area surveyed is not available
As the survey is carried out only for a short
period such information could not be collected.
However, by actual observation of the catches
landed at the time of visit to the different
villages and by enquiry, it is estimated that
the total catch of prawns realised per boat
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during a night’s opseration is about 2-3 kg in
the lean fishing season of February-April.
During the peak fishing season, the catch of
prawns amounts to 10 to 20 kg per boat. On
the basis of this information and considering
the number of units involved in the fishery
throughout year and in the seasonal fishing
and other relevent information gathered on the
magnitude of the fishery during the survey,
it is estimated that about 4,775t of juvenile
prawns are caught annually along the region
surveyed at present,

The prawn catch is disposed off locally.
in the case of the boats not owned by the
fisherman, 1,3 of the catch i3 taken by the
owner of the boat. Besides, in certain cases,
he purchases the remaining catch alsc on a
prefixed rate. In the other cases, the prawns
are collected by the agents of processing
units, who advance money once or twice a
year. Althocugh, the price of prewns varies
from season to season and is size dependant.
it is reported that even the tiny prawns of
50 mm size fetch Rs. 10-15 per kg.

DRISCUSSION

The Palk Bay and the Gulf of Mannar
on the southeast form the major fishing area
for Penaeus semisulcatus along the Indian
coast, Two identifiable commercial prawn
fisheries exist in the area. One is a trawl fishery
by about 1,200 mechanised vesselis based
mainly at Rameswaram, Mandapam and Malli-
patnam centres. Although, P. semfsufcatus forms
the main species in this fishery, other important
species caught along with this include AMeta-
penaeus affinis, M. monoceros, Penaeus indicus.
P. merguiensis, P. monodon, P. caneliculutus
Mestapenasopsis  sirfdulans,  Parapenseposis
stylifera, P. uncta, P. maxillspedo. P, tenaiia,
Trachypsnaseus pescadorensis, (Nandakumar,
1983). The trawl fishing is by and large carried
out in the open waters beyond the coral reefs
of the Bay. The other fishery is by non-mechanis-
ed boats employing indigenous gears whose
catch is almost exclusively formed of P,
semisulcetus. It is only in recent years that
this fishery which is carried out in the shallow
near shore waters, received the momentum.
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The shallow flat grounds and the ecological
factors such as higher temperature, relatively
lower salinity and extensive seagrass beds in
the near shore waters of the Bay afford
congenial habitat for both juvenile and adult
P. semisulcatus. The size distribution of the
species obtained from different grounds shows
that the juvenile prawns occur predominantly
in the shallow waters of less than 2 m deep,
As they grow to larger sizes, they move to
and occupy desper waters and the adults which
support the trawl fishery inhabit the open wates
of the Bay. This indicates that the juveniles
prawns inhabiting the shailow grounds consti-
tute the main sources of recruitment to the
adult fishery in the deeper grounds. Further,
the size distribution of the species from
different villages also shows that relatively
smaller juveniles are abundant in the catches
landed from the areas which have higher
concentration of seagrass sites, while the
catches obtained from the grounds devoid of
seagrass or with lesser concentration are compo-
sed of larger size prawns. This spatial variation
in the distribution of different sizes of the
species vis-a-vis the nature of the habitat indicate
that shaliow waters of the Palk Bay where
seagrass abound, form the nursery ground for
the species. This observation agrees with the
earlier observations by Basson ef a/. (1977),
Price (1979 a & b), Mohamsd et o/ (1981),
Tom et a/ {1984) and Manisseri (1986) that
the postlarvae and juvenilas of P. semisulcatus
are dependent on seagrass beds which form an
important nursery area for the species. As a
corollary to the seagrass arees in the Palk Bay
coast, there are several mangrove systems in the
adjacent costal zone from Devipatnam to Sembai-
patnam This ecosystem would also play an
important role in the nursery phase of the
species in this part the coast.

Although nets with different mesh size
(7 mm to 15 mm) at the cod end are employed
in the fishing. significant variation in the size
composition of prawns caught by these nets
has not been observed. This is mainly due to
the fact that appreciable quantity of seagrass
gets entangled in the net and blocks the
effectiveness of the different cod end mesh
sizes [t is also observed that the operation of
these nets causes considerable destruction of
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geagrass vegetstion, as about® to 10 kg of
seagrass are removed from the system during
sach operation of these units. The destruction
of the seagrass beds is also likely to affect the
populations of dugong and gresn turtles which
feed on sea grass.

The survey carried out at present has
indicated the large number of boats and varieties
of gears which are suitably modified to suit the
local grounds. invelved in the exploitation of
the juvenile P. semisulcatys and its magnitude.
Lured by the high price even for tiny prawns.
offered by the processing industry the farmers
and labourers including even the women folk
engaged in agricuiture are also invoived in this
fishery in certain villages.

As the exploitation by non-mechanised
fishing vessels is mainly concentrated on the
juvenile resource in the nursery areas and since
these juveniles farm the main source of recruit-
ment to the adult fishery in the open and more
deeper waters, it is natural to expect that large
scale exploitation of juveniles would adverssly
affect the dynamics of the ovarall P. semisulcatus
resources in the area. Basides, the destruction
being caused to the seagrass beds during the
operation of nets would in the long-range |ead
to adverse ecological changes in the nursery
habitat. Although the relationship between
the mangroves, seagrass and the prawn catches
cannot be established in the present study, it is
now well known that any change in these
habitats as well as indiscriminate exploitation
of juvenile stock hava obvious implications for
the management and future prospecis of the
prawn resources of the area (Staples et a/.,
(1985). In this context, it is interesting to
note that the catches of adult P. semisulcatus
in the trawl fishery of the area has been showing
a gradual decreasing trend from 4,711 t in 1982
to 2,999t in 1985. Detailed studies on the
relationship between the density of juvenile
prawns and seagrass system on the one hand
and between the juvenile and aduit stocks on
the other, are necessary to elucidate the impli-
cation of these effects on the dynamics of the
resource in the area.

As the exploitation of the juvenile prawns
in the Palk Bay is being carriad out by artisanal
tishermen, its regulation andfor management

144

would involve congideration of social and
economic implications besides the biological
and fishery aspects. In this context, the po-
ssibilities of retrisval of smaller specimens
caught by these nets in live condition as seed
for further aquacuiture in the coastal grow-out
system are worth further consideration.
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Paper-16

PROSPECTS FOR INCREASING CEPHALOPOD,
PRODUCTION OF INDIA

K. Alagarswami and M. M. Meiyappan
Central Marina Fisherias Research Institute, Cochin - 31

ABSTRACT

From the order of a 1000 tonnes In 1973 the cephslopod productien has risen ta the order of
43,000 tonnes in 1988, With aimed fishing. it is certeiniy possible 10 increase production of aquids and
cuttlefishes from the presently exploited zone, Under the segis of the Marine Producis Export Develop-
ment Authority certain actions have been initlated in thls direction in the recent past st axperimental
fishing level. Geaing by the data of some of the charterad fishing vessels that operated in the Indisn
waters during the last five years, squid and cuttlefish resgurces in the neritic waters sppear to be

substantisl.

Octopus production reported from.Lakshadwesp is very nominal, being sbout 16 tonnes fannum.
Scope, if any, for impreving th's production and exploring new grounds needs detsiled invastigation.
Fram the oceanic waters of EE2 and beyond, the prospects are for the oceanic squids, considered

next only to the tuna reaources in importance.

However, tha information on the resource is more of a

qualitative and indicative neture from the operstion of ressarch vesssis in the Arabisn Sea such as R. V.
Varuna and R. V. Shoyo Maru and presently . 0. R. V. Sagar Sampada.

In the above background, the paper discusses tha research and development newds for incressing
praduction of cephslopods in Indis and suggests an organised cooparative programme among the
governmental agencies concerned on the one hand and the industry on the other.

INTRODUCTION

Production of cephalopods in india showed
a phenomsenal increase during the last two
decades from an order of a thousand tonnes
jn 1966 to an order of forty thousand tonnes
in 1986. Even as the total marine fish produc-
tion of ihe country stagnated between 1,2-1.4
million tonnes in the decade 1873-1982,
cephalopods showed a consistent upward trend
increasing from 1394 tto 15,799t during the
same period. No special fishing effort has been
responsible for this, as the squids and cuttle-
fishes are incidentally caught by the shrimp
traw! and other gears as bye-catch. It is the
import neads of Japan, starting from the early
seventies, that turned the table in favour of
cephalopods which had till than been thrown
overboard by the bhoats. Starting from an order
of Rs 200,000 in 1873, the export earnings by
cephalopads stood at Rs. 135,660,000 in 1985.

Apparently the trend suggests that the
cephalopod fishery is in an expanding stage
with reference to the effort.  However. the
neritic species of loliginids and sepiids have
only a limitad potential in tha shelf region. In
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the world totsl fish catch.,. caphalopod contriz
bution, despite industrial fisheries cawied out
by Japan, Spain, Italy and Republic of Korea
in various areas, is only a small proportion of
1.6-2.1%. India's cephalopod contribution is
already in this range and 1986 contribution was
2.5%,. The additional potentiai in the coastal
waters may be limited. The under- or unaxploit-
ed pelagic ommastrephid squids seeam to have
a tremendous potential in the world oceans
{estimated potential 60-70 million t according
to Voss, 1973). A quanium jump in cephalopod
contribution of India would be possible only
from the EEZ. The moot guestion is how india
proposes to meet this challengs to increase
praduction in time when Japan’'s requirements
for cephalopods are on tha increase before
other additional sources of supply are establish-
ed by Japan.

GROWTH AND STATUS OF CEPHALOPOD
FISHERY IN INDIA

Hornell (1960} described the ‘squid
machines’ used for hand jigging of squid from
a look<out erected in the shallow waters of
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Rameswaram Island. In the same  publication,
he dealt with the method of fishing for octopus
using Pterocera sheil-lines in the Palk Bay. The
squid and octopus were caught for use as bait
in fish hooks, as these animals formed an
excelient bait. Rao {'954) iater described the
fishery of Palk Bay squid Sepiotsuthis lessoniana.
The squid was consumed by certain class of
people in the coastal areas. With the programme
of mechanisation and development of shrimp
fishing in the sixties, more of squids and
cuttlefish were caught but not landed as they
had no value in the market. Only the cuttlebones
had ar export market and, betwean 1983 and
1972, the export of cuttlebones ranged from
421 kg to 27,228 kg. Cephalopod - preduction
during the above period ranged from 260t to
1517 t.

All-Indie production of cephalopods

~ The export market for cephalopod marine
products commenced in 1973 for frozen cuttle-
fish, 1974 for frozen cuttiefish fillets and in
1975 for frozen squids. Thereafter those caught
in the trawlers and other gears were saved and
the landings showed steady increase. The
growth in Cephalopod production since 1973
is shown in Fig. 1. Except for the decrease in
1980 and 1981, the curve has heen an ascend.

— Production
---- % Contribution

F-
o
T

7
o
T
1
~
[

$

He-2

3

CEPHALOPOD PRODUCTION { *000t)
L]
PRODUCTION (%}

"
]
L]

i
[=2 -]
L=

CONTRIBUTION OF CEPHALOPODS TO TOTAL MARINE

[ 3 L 1
1979 1881 1983 1985
YE AR

A 1 3 'S L
875 WIS 1977

Fid. 1. Growth in cephalopod production and Its
contributlon to total marine production,

BULLETIN 44

JALOPL o PRODUCTION (7000t}

O -~ © Mgharashtra
st Keralo
»—=+ Gujarat
= = =« Karnatako
- o—0 Goa

10}
BF
6 L
'
4k
X
?
2 N L.
LT o - g
= 3’- \\ ‘a'-n._“
ol g—=¢ = M "
1977 1879 ISEL 1983 985
YEAR
FIG. 2, Trend in cephalopod production in maritime
States along the west coast.
[ &b Tominadu
| o---o AndhraProdesh -
- Onssa
4  —- - Pondicherry
= T % West Benga? -
(=] L
e
o |
3 -

CEPHALOPOD PRODUCTION

1983 1988

YEAR

FIG. 3. Trend in caphatshod produstion in maritime

Statec along the eagt coast.

147



ing one, from 1394t in 1973 to 42,638 tin
1986. The share of cephalopods in total marine
fish production steadily increased from 0.19;
in 1973 to 2.59%, in 1986.

State-wise production

Production along the wast coast (Fig. 2)
has dominated the cephalopod landings of
India with 69-819, contribution as compared
to 9-319, from the east coast (Fig. 3} during
the recent decade 1977-1986. On ths west
coast the average annual landings of the decade
were as follows.

Anpusl production % contribution
of cephslopods (t) to total cephalopod
production of Indis

Maharashtra 5661 29.7
Kerala 6510 29.0
Gujarat 3566 18.7
Karnataka 664 35
Goa 3356 1.8
Total West coast 16745 82.7

Production figures for the eastern coastal
States are given below:

%o contribution
to total cephalopod
production of India

Arnnual production
of caphslopods (1)

Tamil Nadu 2664 13.9
Andhra Pradesh 502 26
Orissa 77 0.4
Pondicherry 66 0.3
West Bengal 1 0.1
Total East coast 3310 17.3
Octopod production comes only from

Lakshadweep and the annual average was 16t,

Gear-wise production

The average annual production of cepha-
lopods during the three-year period 1982 to
1984 was 18,192 t of which the trawlers
contributed 13,927t (73%). On the same
percentage basis, the average annual produc-
tion of cephalopods by trawlers in India
during the subsequent two-year period 1985
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and 1986 would be 27,112 t which is double
at of the previous 3 year period.

Regarding the traditional gears accounting
for 279, of total cephalopod production, data
are not available to work out the gear-wise
contribution. However, Vizhinjam where there
have been no trawler landings and the entire
fish production of the centre came from the
artisanal sector, the average annual cephalopod
production during the five-year period from
1982-83 to 1986-87 was 578 t. The contribution
of different gears to the obove has been
76.6%, by boat seine, 23.3% by hook & line
and 0.1%, by shore seine. The data show that
boat seine is the second most important gear
for cephalopod capture and the primary one
among the artisanal gears.

Groupjspecies production

Group/species-wise production of cephalo-
pods is not available except for the trawler
catch at selected centres. The observations made
at the fisherieés harbours at Veraval, Bombay,
Mangalore, Cochin, Rameswaram, Madras and
Visakhapatnam showsed that the cuttlefish
contributes to B57.29, and squids to 4289
of total cephalopod landings. Since 73% of
the total cephalopod production of the country
is by trawlers, the above proportion can be
generally used to arrive at the cuttlefish and
squid components of total all-India cephalopod
production. Accordingly, out of the average
annual production of 25,771 t of cephalopods
during 1982-1986 period, the cuttlefish were
14741 t and squids 11,030 t.

Squids: in the class Cephalopoda, order
Teuthoidea represent the squids. This order
consists of four families, namely lLoliginidae,
Onychoteuthidas, Ommastrephidae and Thysano-
teuthidae. In the presently exploited Indien
waters, only the following Loliginid squids
are reprosented: Lolige duvaucelii, L. uyi,
Loliolus investigatoris, Doryteuthis sibogse, D.
singhalensis and Seploteuthis lessoniana, 0Of
these, L. duveucelii is the most dominant
species. L. uyii forms an insignificant com-
ponent (less than atonne) at Madras. L
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investigatoris is caught in small quantities at
Medras, Kakinada and Visakhapatnam (together
less than a tonne). D. s/hogas and D. sing-
halensis form a good artisanal fishery at
Vizhinjam and also occur in the trawler
landings at Visskhapatnam. The fishery for
S. fessoniana is confined to Palk Bay although
recorded from Vizhinjam, Veraval and Lsksha.
dweep, Qut of the annual average squid product-
ion of 11,0301, Sspioteuthis and Doryteuthis
together would contribute an estimated 300 t,
and L. duvaucelii to the rest of 10,7301t /. e,
about 979 of the squid production is by this
single species,

Cuttietish. The taxonomic order Sepiidae
(Sub-class Coledidae) is comprised of 2 families
namely Sepiidae and Sepiolidae. The latter
family is represented by a single species
Enprymna stenodsctyls which occurs as stray
catches {not more than about 200 kg/year) ag
Madras end Proto Novo. Family Sepiidse is
the most dominant in the coastal waters and
is reprasanted by two gensera Sepis and Sapiells,
The cuttlefish species occurring in the fishery
with their percentage contribution are as
follows: Sepia aculesata -52.7%,, S. pharaonis-
37.4%. S. slliptica-7.6% §. brevimans-0.3%,
S. prashadi-0.1%, and Sepislla inermis-1.8Y%.
The occurrence of Sepis trygoning and S.
arshica has been recorded. Sepis acuieata'
S. pharaonis and Sepiella inermis are landed
in all the maritime States. sep/s elliptica
forms fishery at Veraval and Cochin; 8.
brevimane st Visakhapatnam, Madras and
Mandapam and § prashedi at Madras.

-Catch-per-unit-effort

The proportion of cephalopeds in the
trawler landings and CPUE &t some of the
ohservation centres are given in Table 1, The
data would indicete the pradominant position
of Bombay and Veraval on the north-west
coast, Sakthikulangara on the south-west coast,
Madras on the south-east cost and Visakha-
patnam on thé north-east coast for cephalopod
.production. Both New Fernry Wharf and Sas-
soon Docks in Bombay emserge as the leading
cephalopod landing centres in the country.
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TABLE 1

Cephalopod landings by trawlers with
catch-per-unit effort st some fisheries harbours
(Annus! sverage of 1982-1954),

Cephatopod CPUE of

component Cephalopods
Centre in total {kgltrawler-

trawlsr day)
landings (%)

Vearaval 4.7 53.8
Bombay Naw Feiry Whatt 6.7 112.5
Bombay Sassoon Docks 9.2 1334
Mangalore 2.2 5.3
Cochin 1.0 2.4
Sakthikulangara 4.4 15,2
Rameswaram 1.0 2.4
Mandapam 1.5 2.0
Nagapattinam 1.0 2.4
Cuddalore 2.0 5.7
Madras 4.1 1.0
Kakinada 10 34
Visakhapatnam 3.1 6.7

Export of cephalopods

The export items of cephalopods include
cuttlebone, frozen cuttiefish, frozen cuttle-
fish fiilets, frozen squid and dried squid. The
cuttlebone had been exported from very early
times and the last 10 vears stonds at average

26t The dried squid is a recent product
since 1984,
TABLE 2
Cephalopod production and exports
during 19871.1985
Cephalopod Cephalopod Approximate
Year landings (t: Products’ landed weight
in 1ndia exported (1) of the exorted
quantity (t)
1981 9548 2802 4670
1982 15799 3238 5392
1983 18355 4024 6707
1984 20421 3123 6213
198% 31642 7623 12705
Average 19153 4162 6937
*Cuttlebones not included.
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Total cephalopod production exported during
the five years 1981-85 are given in Table 2.
The vield of squids and cuttlefishes i3 assumed
1o be an average 609, and the landed weight
of exported quantity has been calculated on
this basis. It is svident from the data (Table 2)
that a large amount of cephalopods landed
is under- or unutilised while the domestic
consumption is negligible.

SURVEY OF CEPHALOPOD POTENTIAL IN
OFFSHORE AND OCEANIC WATERS

One of the major resources projected fo;
exploitation In the Exclusive Economic Zone
of India and the adjacent sea is the cephalopods.
This has two components, the one on the
continental shelf waters (neritic benthic and
pelagic) and the other in the oceanic waters.
The shelf component would include the eddi-
tional resources of squids and cuttlefishes that
sre gvailable in waters beyond the present
fishing limits and also increased catches that
would result in the event of diracted fishing
for these species, The oceanic component
would comprise the oceanic squids.

Present grounds

the entire
today comes

As has been seen earlier,
cephalopod production of India
as bye-catch of demersal trewl, boat seine,
shore seine and hook & line fishery. In the
presently exploited inshore waters upto 50 m

depth, there seems to be further scops to
increase production of cephalopods. During
the jast 10 years the cephalopod landings

have grown steadily in spite of the slump in
overall marine fish production. The annual
average cephalopod production increased to
17,740 t during 1981.85 from 12,626 t during
1976-80. The estimated 1986 production was
around 43,000 t. Based on the stocks (1978-
80 dsta) estimated at a few centres namely
Madres, Cochin and Vizhinjam for the three
major spacies Loligo duvaucelii, Sepia aculasts
and S pharaonis, the projected all-India
average annual stock of of these species has
been given as 56,984 1 (Silas et a/, 1988).

In the recent years subsequent to the
introduction of the high-opening bottom trawl
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{HOBT) at some centres in Tamil Nadu and
Gujarat through the extension demonstration
of Bay of Bengal Programme and followed
up by Central Institute of Fisheries Nautical
and Engineering Training in Gujarat there
appears to be a possibility of increasing
cephalepod production. In  Gujarat, high
incidence of squids and cuttlefish was noticed
in this new net and in some operations squids
formed as high as 24,19 of the catch off
Dwarka in the depth range 20-25 fathoms
(Swaminath and Vethabothagam, 1987). While
the conventional shrimp trewl has hardly
1-1.5m vertical opening, the HOBT has an
opening of 35-4.5m facilitating capture of
columnar -fishes.

Squid jigging and stick-held dipnet are
two standard cephalopod fishing gears used
in the Japanese fisheries for the pelagic squid
Tadsrodes pacificus. In India, an experimental
pragramme for testing these gears for the coastal
cephalopods, was carried out in 1985 by the
Marine Products Export Development Authority
with the help of a Japanese expert. The
experiments carried out at Cochin and Vizhinjam
with manual squid jigging machine and stick-
held dipnet on board a 43 ft (13m) vesse!
vielded a catch rate of 102 squids hour
(Yamasaki, 1985) indicating the technical
feasibility of operating such gears in the
coastal waters. The work has not, however,
been followed up subsequently. If cephalopod
production has ‘to show a quantum jump, it
is inescapable to introduce fishing methods
directed for the squids and cuttiefish.

Offshore resources

The cephalopod resources in the grounds
beyond 50 m depth have hardly been touched
so far. Pelagic trawling by the erstwhile
Pelagic Fisheries Project’s vessels off the south-
west coast of India and Gulf of Mannar in
the seventies has shown considerable concen-

_tration of squids and cuttlefishes in the central

and southern sectors of the region. The squids
formed 49 of the catch in 20-49 m, 349% in
650-80 and 139, in depth beyond 80 m during
1974 between Quilon-Cape Comorin and the
Gulf (UNDP/FAD, 1976).
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The operations of vessels of the Fishery
Survey of India have provided information on
the cephatopod resources of the offshore waters.
The survey vessels have recorded a catch rate
of 20kgfhour of squids and cuttiefish from
Wadge Bank and 22 kg ;hour from Kerala Coast
(Joseph, 1986). The results of operation during
October 1981-April 1983 on the Wadgs Bank
showad an overall caphalopod content of 6 67,
of the demersal catch, next only to that of
perches (36 3%,), Nemipterids (23.89,) and
rays (10.1%,). Sepia pharsonis was the dominant
species with 809 composition and 8. aculeats
and Sepiella inermis formed stray catches,
Among the squids lolige duvaucelii was the
important spacies, with occasional catch of
Sepioteuthis lessoniana The depth-wise catch
rates showed high density in 10-256 fm
{17.5kgrhour), thereafter decreasing progress -
lvely to 6.5 kg/hour in 25-40 fm, 3.1 kg/hour
in 40-70 fm, 0.7 kgthour in 70100 fm and
0.9 kgshour in 100-125 fm (Joseph et a/., 1987).
The same authors have estimated the standing
stock of cephalopods in the first four depth
zones above, respectively, as 952 t, 404 t
219 1 and 30t totalling to 1605 t for the Wadge
Bank as a whole, out of a total fish biomass
of 38,330 t. Exploratory data on cephalopods
of the east coast are scenty and the avail-
able data have shown a poor catch rate of
dkg/houwr (Joseph, 1988).

The foreign trawlers which operated in the
recent years under charter in the Indian EEZ,
had concenwrated on squids and cuttlefish,
more particularly on the latter group, besides
shtimps and perches. Joseph {1986) reported
that the chartered vesssls were taking sizeabla
quantities of squids and cuttlefish ranging from
60-829% of the total catch declared by them.
The cephalopod catch rates by some vessals
along the west coast were 61.9 kg/hour in the
latitudes 7°-9°N, 106.0 kgfhour in 10°-12°N,
76.2 kg/hr in 13°-14°N and 100.6 kg/hr  in 16°-
17°N. It has also bsen reparted that recently
one of the chartered vessels had a catch rate
of 106 kg/hr of cephalopods with a totat catch
of 120 tin the depth range 63-80 m (Joseph,
1986).

M. T. Murena which explored the resources
of the north-west coast of India during 1977
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caught a total of 1015 kg of cephalopods,
761 kg from demersal trawl and 254 kg from
pelagic trawl, forming 0.29, of total fish catch
of the vessel on its survey. The major species
wora Sapia aculesta, S. phargonis and Loligo
duvaucelii, The catch rates in demersal trawl
were 2.14 kg, 1-73kg and 1.50 kg per hour
from depth zones 65-90, 91-125 and 126-360m
respactively (Bapat ot al., 1982). The pelagic
catch was the highest in the depth 55-90 m.

Since 1988, the Fishery and Oceanographic
Research Vesssl Sagar Sampada has carried
out fishery resources survey in the EEZ of India.
The operations were in the depth 20ne of .
50-200 m with a tew exceptions of deep water
trawling. Sepis pharaonis and Loligo duvaucelii
were the dominant species, The stations where
the cephalopod component was more than 40%
of 1he catch with the depth are given balow:

Position Depth Dominant
{m)} Species
Weast Coast
1, 08°4%'N 76°10'E 80 S. pharsonis
2. 11°40°N  74°56°E 63 o
3. 12°22'N  74°26°'E 127 _ v
4. 13°61°N  TFITE 213,
5. 14°31'N 73°24°E 101 o
6. 16°02'N 73°34°E 58 L. duvauceli;
7. 168°30‘N 73°15E 70  S. pheraonis
8. 18°01'N TM1°37'E 23 v '
g, 18°68'N 71°02°E 86  S. pheraonis
and
L. duvaucelii
10. 21°26°N ©8°58'E 70 8. pharsonis
and

S. trygoning

East Coast

11. 10935.7'N 80°11.02E 72 L. duvaucelii

The sxplaratory and commarcial data pre-
sented above woull indicate that. as in the
case of inshore waters, the offshore areas
between depth 50-200 m off tha west coast

have much greater resources of cephalopods
than those of the east coast.
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Oceanic resources

The data available on aceanic squid re-
sources around India are qualitative and
indicative of a vast potential. The information
is from the surveys of research vessels of India
as well as of other countrias which worked in
the Arabian sea and Bay of Bengal on inte:-
national programmes. R. V. Varuna of the
arstwhile Indo - Norwegian Project which
worked on the programmes of the Central
tMarine Fisheries Ressarch Institute brought
out the eatly direct information on the occur-
rence and abundance of oceanic squids in
Lakshadwesp Sea and south-sastsrn Arabian
Sea (Silas, 1969). The occurrence of the
Ommastrephid squid Symplectoteuthis oualani-
ensis in the Indian waters was highlighted in
the above work, Filippova (1968) reported the
occurrence of several species of oceanic squids
in the Indian Qcean with their distributiong
range. 5. ouslaniensis inhabits tropical waters
up to 20°S. Further south, it is replaced by
Ommastraphes bartrami and Todarodes sagittatus
engolensis up to 37°5.

R. V. Shoyo Maru of the Japanese Fishery
Agency, in co-operation with IGP and FAO.
cartiad out survays of the North Arabian Sea off
Pakistan and Central part of the south Arabian
Sea during 1978-77 (Fishery Agency of Japan-
1976, 1977). The vesssl gave special attention
to the distribution and behaviour of the oceanic,
squid 5. ouslaniensis in the area by acoustic
survey and sampling by hand-lines. Dense echo
records of the squid in the offshore waters of
200 m depth or more were received by the
vessel. The squids caught ranged 17.4-48.8cm
in mantle length. the largest weighing about
4 kg.

In 1938, a single spscimen of S. oualani.
ensis of 43.4cm mantle length and 2.46 kg
weight was caught in drift gill net at a depth
of 80 moff Mangrol in Gujarat (Raje, pers,
comm.}

FORV Sagar Sampads has recently caught
5. oualaniensis during her survey in the Indian
EEZ. The squid in large numbers have been
observed on many occasions congregating
around the vessei in the night, attracted by
her lights. Since the vessel is not equipped
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‘for squid fishing,

the squids could not be
caught except on rare occasions by handline.
However, on her cruise No. 22 in October,
1986, the vessel caught about 700 oceanic
squids in 10 Pelagic/midwater hauls, salong
with mesopelagic fishes, off the north west
coast of India (Lat. 18°-22°N, Long 64°-69° E).
The squids were caught in trawling depth of
40-250 m and botiom depth of 2496-3444m.
The squids measured 6.5-47.2cm in mantle
length and the largest weighed 3.5 kg. Clear
indications of availability of oceanic squids
in the Indian EEZ have thus become available.

POTENTIAL ESTIMATES

Voss (1873) estimated the cephalopod
potential of Indian Qcean region at 500,000t
George el 8). {1977) estimated the potentisl
for Indian EEZ to be around 180,000t of
which 55% is to come from the upper east
coast, 119, each from lower east coast and
north-west coast and 209, from the south-west
coast. Recently Chikuni (1983) estimated the
potential of Indo-Pacific region to be about
1.1 to 1.4 million tonnes as against a catch
of 0.3 million tonnes. His estimates {or Bay
of Bengal and Eastern Arabian Sea respectively
are 60,000-100,000t and 100,000-150,000 ¢,
Gilas (1988) cosidered Chikuni's  (1983)
estimates 100 low for the area as compared
to the sestimates for the nsighbouring
regions such as the Yellow Sea, East China
Sea and South China Sea. Silas (1986)
estimated India’s potential harvest by 2000
A. D. by small scale neritic sector at 50,000t
and oceanic sector at 25,000.50,020 t.

RESEARCH & DEVELOFMENT NEEDS

The cephalopod production in India has
shown a steady growth since the exports
began in 1973. However, considering the
potential of the resources as well as demand
for export, India can do much better,

On a global scafe cephalopods accounted
for an annusl average of 1.60 milliont during
1981-82. The percentage contribution has
ranged from 2.1-59%, of total world marine fish
production. The squids with 1.16g milliont
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contributed to 72.22% total cephalopod produc-
tion, followed by cuttlefishes (232,000t and
14.629) and Octopus (212,000t and 13.26).
The major cephalopod fishing areas in the world
are in the North West Pacific (Japan, ROK,
China, Taiwan, USSR). Central East Atliantic
(Western Africa), North West Atlantic (Canada),
Mediterranean (Spain, Italy}, South West
Pacific (New Zealand), South West Atlantic
{Latin America) and Central East Pacific {U. S,
A., California) (Worms, 1983). The most
dynamic cephalapod fishery in the world exists
in Japan with an annual average production of
577,865 t (1982-85 period). of which squids
formed 90.4Y%,, cuttlefish 2.39, and octopus
7.3%. Repubtic of Korea with 175,608 t and
Spain with 104,652 t are behind Japan. The
cephalopod fisheries are carried out on an
industrial or semi-industrial scale in Japan,
Korea, Canada, U. 8. A, (California). ltaly and
Spain and in other countries the fishery is of a
vety local food character (Worms, 1983).
Distant Water fishing flests of Japan, Korea,
Spain and U.S.S. R. aperate in several
important cephalopod fishing grounds of the
world and, in fact, the development is due to
such fishing activities under licensing arrange-
ments of joint ventures,

In India, it has been very well realised that
cephalopods are one of the resources of future

but very jittle has been done to improve the

fishery. The increase in landings reaching the
order of 40,000 tin 1986-87 is not due to any
specific development programme but a natural
increase in the bys-catches of the trawlers
and other artisanal gear, Ths only attempt
that has baen made was the experimental
fishing carried out by the Marine Products
Export Development Authority in 1985 which
has not been tollowad up so far, A squid
iigging vesse! which has been in India for the
last several years has not carried out any work
on this line for want of expertise and .for having
fixed the priority to tuna long lining over squid
Hgging. as it is a combination vessel. Recenty
some interest in developing the octopus fishery
in Lakhadweep was evinced but it was soon
raalised that the resource is very limited tor
taking up any worthwhile programme in the
lagoons of the islands., Thus India is yet to
make a beginning towards exploitation of
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cephalopods on modern lines and on an

industrial basis.

Silas (1986) has slaborately dealt with the
perspactivas, priorities and targets for 2000 A.D.
with regard to cephslopod resources of
India The potenial harvest by 2000 A. D. has
been given as 50,000 t from the smail-scale
tisheries opsrating in the neritic regime and
25,000-60,000 t of oceanic squids trom the
oceanic regims. The inshore -production
through bye-catch has. after the above article
was written, already reached the order of
32,0001 in 1985 and 43,0001t in 1936. There

have been no landings of cephalopods from the
60-200 m depth zons. This 2one has good
cuttlefigh potential as has been shown by the
operation of chartered vessels early this decade,
although accurate data on these resources
and grounds have not been made available, [t
stands to reason. therefore, that the neritic
potential can be much higher than the 50,000t
projected by Silas (1986 ).

With regard to the oceanic squid resources
it remains open until systematic surveys are
carried out in the EEZ. The results of FORV
Sagar Sampada referred to earlier are still
indicative, perhaps a slight improvement over
the acoustic results given by R. V. Shoyo
Maru (Fishery Agency of Japan, 1976, 1977)
and the earlier data of R. V. Varuna (Silas,
1969) and the U, S, 8. R. survey vassels
(Filippova, 1968). Systematrc quantitative data
on oceanic squid resgurces can coms only
from survey by vesssls rigged for appropriate
light fishing with automatiz jigging gear. Both
Australia and New Zealand had arrangement
with Japan for exploring their cephalopod
rasources upon which New Zealand has develop-
od a successful squid fishery., Waest African
States and Canada had to enter into arrangements
with industrial squid fishing countries for
developing thair cephaiopod fishery.

India has the institutional framework for
undertaking a major programme on cephalopod
research and development. It would need
outside technical assistance initially to launch
a meaningful programme. Within the country,
there is nesd for an unified approach. This
can be achieved only through a well-planned
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mission-oriented ¢ooperative R & D programme
among the agencies now engaged in cephalopod
work. In such a programme the Fishery Survey
of India, the Marine Products Export Develop-
ment Authority, the Central Institute of Fisheries
Technology and the Central Marine Fisheriesg
Research Institute should be represented under

a single line of leadership. The resources from .

each of these organisations may be pooled
and sugmented to the necessary extent. This
will be an experiment in the fisheries sector
and if it works well the concept could be
extandaed to other major resources,
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NEW TRENDS IN THE TRADITIONAL MARINE
FISHERIES AT TUTICORIN

P. Sam Bennet and G. Arumugam
Cantral Marine Fisheties Research Institute, Cochin

ABSTRACT

Quiet changes have teken place during recent yaarg in the fishery by treditional crafts and gear
at Tuticorin, This study refers to the changes taken ptace in the commaercial fisherias of TUticorin due
to the inteoduction of machanisation of treditional fishing crafts.  Started in Y986 over 80 Tuticotin
type boats have been fitted with inboard engines of 10 HP mainly of the Kengaroo make. Thess hosts
aperate drift nets and haok & lines for demersal as well as psiegic shacies of fish. Oata collected two
years prior and two years afier the introduction of mechanisatign of indigenous crafts have been
compared.  Qperational parametres and banefits of meschanisation ara discussed., The fishermen are
bensfitted by increased caich par unit as well as increased price for the catch by arriving earlier.

Quring the past iwo decades revolutionary changas have taken place in tha craft and gear
smployed in the coastal indigsnous fisheries. An important ingradient in the craft development in
indigenous fisheries was the introduction of mechanisation on a largs scals with the financisl support
of Governmental agenclies in the 1960s. Engouraged by the Government many small scale fishermen
took up mechanisation of craft, However, this has daeveloped into industrisilsation ot Jucrative pslagic
and demersal fishories benefitting few pa ople who could opsrate iarge fishing boats. itmall scale and
indigangus Fisherman were left in the same old stats with their traditional methods of tishing Artisanal
fishermen have withstood the anslaught by large scals mechanisation of fishing operations and have
rallied round in recent years to introduce power to their traditional crafts. This study deals with the
introduction of machines to traditional craft employad at Tuticorin with inboard enginss and is con.
fined to obsarvations spread ovar a pariod of four years from 1983 to 1886 The impact of introduction

of engines to traditonal crafts are brought out and discusssd,

TRADITIONAL FISHING CRAFT OF
TUTICORIN

A large number of people are engaged
in small scale fishing at Tuticorin  using
traditional plank built boat called Tuticorin
type boat. A total of 360 Tuticorin type boats
were in yse during 1983, the number has
increased to 431 in 1984; 458 in 1985 and
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472 in 1986. Boats of thrae sizes namely
8.6 metres, 9.0 m and 95 m were in use.
Detailed description of Tuticorin type boat is
given by Chacko and Rajendren (1955).
These boats are highly efficient all weather
crafts and the introduction of machines for
propuision has enhanced considerably their
range of operation.
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MECHANISATION OF TRADITIONAL
FISHING CRAFT

Adequate berthing and landing facilities
are available in the region by way of fishing
harbour for larger mechanised fishing craft.
On the other hand, smaller craft operating
indigenous gear are landed on the beach
itself. Hence the engines for propulsion fitted
on the indigencus crafts are suited in such a
way that they are kept safe inside the boats
or taken home for repairs and safe keeping
when not in use. Traditional fishery is labour
intensive and spread all along the coast. |t
forms the principal production means of the
fisheries of the Tuticorin ares and remained
a dominant small scale industry. Faced by the
demand for shiimp in international market many
of the once traditional fishermen became private
industrial fishermen operating large mechanised
crafts and gears suited to fish mainly shrimp.
There was popular fear thatthe industrialised
and highly organised mechanised sector was
likely to wither out the traditional sector in
course of time (Bapat and Kurian, 1978). On
the contrary the traditional sector also streng-
thened itsslf and adapted to the changing
times by introducing inboard and outboard
engine propellants to the fishing crafts. The
Tuticorin  type boats are suited for fitting
mechines and gradually many boats have been
fitted with inboard engines with least modi-
fication in the hoats.

TYPE OF ENGINES FITTED IN
TUTICORIN TYPE BOATS

Many manufacturing firms have come for-
ward to provide engines suitable for the
traditional crafts, Substantial loans are also
given by three nationalised banks to purchase
and install marine engines on the boats.
During the two vears 1985 and 1986 about
90 Tuticorin type boats bave been fitted with
engines. The major constraint was in the case
of joint ownership where in one orthe other
owner was unable to pay his share. Table 1
shows the type of engines used in Tuticorin
type boats. The Kangaroo vertical type engine
is most popuiar with boat owners at Tuticorin.
On the whole it is easy to purchase a marine
engine suitable for one's taste and eassier
to install and operate,
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TABLE 1

Types of engines fittad in Tuticorin type boats

Mame of engine  Coolant  Horse power Pricetapprox)
in Bupses
Sakthi Air 9(8.8; 7500
Lambedi Alr 9 7500
Kangeroo Water 8, 10 6500
Field master Water 8 5300
Kirloskar Water 8 6560
H.T. C Water 8 5500
Indo western Water and air 10 6000
7300

international Water 10

Average cost of each Tutiocorin type boat
fitted with inboard engine comes approxim-
ately to Rs. 44000 (including cost of boat
Rs. 30000; price of engine Rs. 7000 and
charges for fitting the engine Rs. 7000).
Fishing operations are carried out with drift
nets and hook & line costing sround Rs. 40000,
Normally the bosats fitted with engines go
for fishing around 15.00 hours and return
next morning by 7.00 hrs. They carry a
complement of three fishermen and go to a
distance of 20 to 30 miles. On the contrary,
traditional tishermen using boats without
engine leave for fishing between 13.00 and
156.00 lvs and come back pext day around
8.00 to 12.00 depending on the direction and
strength of the wind. They carry five people
and fish in the 20 mile area.

CATCH AND EFFORT

Data for two years preceding the introduc-
tion of machines on Tuticorin type boats and
for two years of operation with machanised
bosts were considered. Contribution of non-
mechanised Tuticorin type bDoats with drift
nets and hook & lines from 1983 to 1986
and mechanised Tuticorin type boats with
driftnets and hook & lines from 1985 (o 1988
were compared Table 2.

During 1983 a total of 4142 drift net units
were operated from non-mechanised boats
landing 364. 2 t of fish. The catch-psr-unit
being 87.9 kg of fish. Hook & line boats
during the year operated 11530 units landing

CMFRI



TABLE - 2.

Comparstive statement of catch, units operated and catch per unit by indigenous
boats using drift nsts and hook & line during 1983 to 1986,

Non-mschanised units

mechanised units

Yoar Drift nat Hook & line Drift net Hook & line
o o o ® @ o &
- (=% o 2 2 -9 [- g
5 " E £ 2 F] [ § = 2 = ™ E 5 2 = w 'g F] 2
59 2 Ff g, Ef 5% £s t% s £s EX %%
o2 S8& U5 2 Sa 25 as 53 8§ 82 58 8§
1983 384283 4142 87.8 832212 11530 72.2 Not operated
1984 447456 4790 93.4 1023780 13615 76.2 Not operated
1986 297650 3598 82.7 7650480 10078 73.6 274798 2833 96.9 435857 4898 89.1
1986 68853 1124 81.2 303788 5460 8.6 156462 2488 825 724887 10081 71.8

832.2t with the catch.per-unit at 72.2 kg.
In 1984 a total of 447.4 t of fish wers landad
by 4790 drift net units with the catch-per-unit
of 93.4kg. The hook & line fishery during
1984 recorded an annual catch of 1023.7 t of
fish from 136156 units and the catch-per-unit
during the year was at 75.2 kg.

During 1985 both non-mechanised and
mechanised Tuticorin type boats were operated
in the traditional sector. Total landings by
non-mechanised drift nets came to 297.6 t by
3598 units. The catch per unit being 82.7 kg
Hooks & line during 1985 landed 750.4 t of
fish by 10076 units with the catch rate of
73.4 kg. mechanised Tuticorin
operated both drift nets and hogk and & lines
during 1986, Total drift net units operated
came to 2833, landing 274.7tof fish. The
catch per unit was 98.9 kg. During 1985
hook & line units numbering 4898 were operated
from mechanised boats. Total catch came to
4369t with the catch per unit at 89.1 kg.

In 1986 there were 1124 non-mechanised
drift net units operated at Tuticorin, landing
68.8t of fish with the catch per unit rate
of 61.3 kg. During the year 5460 hook & line
units were operated from non-mecheanised
boets landing 303.7 t of fish. The catch per
unit during the year was 55.6 kg. Mechanised
boats during 1986 operated a total of 2486
drift net units landing 155.4 t of fish and the
catch per unit was 62.6 kg. Total fish landed

by 10091 mechanised hook & line units in
1986 was 724.8t with the catch per unit
at 71, 8 k6.
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type boats -

Catch per unit equivalent to catch per day’s
fishing was used as an index of fishing success
A general decline in catch per unit was
noticed in the 1986 fishery. A comparative
observation between non-mechanised and

- mechanised units show a definite increase in

the catch per unit by mechanised boats during
1985 and 1986 two years of introduction of
mechanised units in the traditional sector
(Table 2).

SPECIES COMPOSITION

The non-mechanised and mechanisad
Tuticorin type boats tend to fish in the same
areas at different times of the vyear and the
tishing conditions are also similar. The principal
componants of the drift net catch were seaer-
fish, carangids, tuns, perches barracuda and
sharks, perches from the most important
component of the hook & line catches followed
by nemipterids, seer, fish, sharks and carangids,
No conspicuous changes in species composition
are evident between the craft. Furthermore,
the various specias are equally vulnerable to
different gears irrespective of the type of
of cralt used. Because of the longer stay in
the fishing ground catch by the mechanised
boats are propottionately more than that of
non-mechanised boats,

REMARKS

The traditional fishermen operating indi-
genous crafts and gears along the Tuticorin
coast have beenh greatly benefitted by
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mechanisation of Tuticorin type boat. The
results achieved over a period of two years are
encouraging. Benefits of introduction of motor
to traditional crafts are much. Especially
important i{s the time saved in reaching the
fishing ground and returning to shore. Vagaries
of wind and current have been overcome toa
large extant and the fish reaches to the market
in time to fatch higher price.

There is a faitly well established traditional
system of fishing along the Tuticorin coast with
indigenous Tuticorin type boat as the principaj
craft. Socio-economic conditions have placed
the traditional sector on a lowsr footing than
the fully mechanised industrial sector. A
significant improvement in the socio-economic
structure of the traditional sector is the creation
of mechanisation to the existing crafts. Though
it Is partial mechanisation in its true sense the
fitting of motor to the boat added new dimension
in the exploitation of nearshore fishery re-
sources.

Itis not yet possible to say for certain
whether there is any wastage in fusl or man
power in operating mechanised boat. Many of
the boats switch over to sail when the wind is
favourable. Numbar of persons on fishing
trips have been reduced to three from the
normal compliment of five in non-mechanised
Tuticorin type boats. Reduction in fishing hand
is not a common feature as many of the boats
are family owned and able bodied family
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membaers go for fishing irrespective of the need.
The earnestness with which motors are fitted
on to the existing boats is itself an indication
of the apparent benefits. This rapidly increasing
trend is likely to extend the fishing grounds and
bring In more fish for ths consumers.
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Paper- 18

CONSERVATION OF MARINE FISH GENETIC
RESOURCES—PRESENT STATUS AND
ACTION NEEDED

P. Das, P. C. Mahanta and D. Kapoor
National Bursau of Fish Genstic Resources, Allahsbad - 211 004, U. P,

ABSTRACT

Ovettishing. unscientific commerclsl exploitation, and destruction of habitals ¢sused by nature and
slso induced by man have besn, of lste, ceusing serious threat to the merine fish germplasm tesources.
Judicious exploitation, protection for improvement and conservalion are, thus, required for kesping the
natural respurces trusty renswable.

Consarvation approaches are in situ, eX situ, entire biomass or Hlsxible mix with the responsibiiities
required to be equaily shared by the professional personnsl, policy mekers and the people themsslves  Top
priority may be glven for consarvation of endsngered spacles for meiniaining genstic variability to meximize
probability of thelr long term survivai, : :

The present status of knowlaedge about resource conservation has been outlined in the paper with |
mention about the present Indlan strategy for the research on the subject. This brosdly includes a therough
survey of fish fauna, cataloguing of genotypes, study of genetic varisbllity, scanning of polymorphic
characters, developmaent of practicablie methodologies for conservation of exploited and endsngersd species
and implemaniation of the same through concernsd sagencies.

INTRODUCTION

Many of the conventional fishing grounds
indentified and charted in the seas during pericds
of early exploration and also the feeding and
breeding grounds of fishes :have undergone
changes due to various reasons like increased
fishing pressures, pollution and environmental
changes. Migratory varisties are also subjected
to pressure of diversion of tlowing waters,
ertificial barriers and have been found to adjust
to changes by rastricting their sojourn to lower
reaches of estuaries or becom® endemic. Sedi.
mentation and sittation from land sources also
have been altering the ecosystems. Overfishing
end unscientific commercial exploitation of some
species or in some fishing grounds leading to

depletion of the fishery have aggravated the:

situation in the country, Some of the species, as
& result of all those factors, are probably even
endangered,

Domestication of species and induced
genstic manipulations of selected spscies are,
st the same time, continuously interfering
with the links of co-evolution. Such interferences
are likely to be intansified with the advancement
of knowledge and applicability of genetic
technofogies.
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It is thus necessary to remain vigilant on
the changes that have been taking place in the
marine anvironment and adopt conservancy
measures, according to requirement of a particu-
lar situation in order to keep the fish germplasm
resources trusly renewabls.

GENETIC VARIABILITY OF FISHES

Ganetic variation is the means by which a
species adapts to changes in its environment.
New genetic variation arises in a populstion
from either spontansous mutation of a gene or
by immigration from a population of genetically
different individuals, The number of relative
abundance of alleles in a population is 8 measure
of genetic variation or heterozygosity, Owing
1o various reasons, as indicated in the foregoing
paragraphs the existing genstic variability is
feared to be under threat of extinction, Particu-
larly in some cases.

Assessmant of fish germplesm resources -
present status

Fish genetic studies has, o far, baan Targely
restrictod to elaborate chromosomal studies
of different species in the country.
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For any broad programme of conservation
of fish genetic resources, survey is the foremost
tequirement which is yet to be geared up to its
desired extent. There is a general need for
identifying  important biogeographic areas,
species and their distribution in order 1o provide
background on the preservation of resources o?
exploited and potentially threatened species
(Jhingran & Gupta, 1986) which is yet to be
accomplished.

A thorough taxonomic and ecological survey
of fish species occurring in each srea aad a full
checklist of these spacies indicating & status of
each and its significance in terms of scological,
economic, scientific and social terms are basic
needs, which also are yet to be achieved in
India..

There is dearth of information on the genetic
differentiations within most of the naturally
occurring species and the quantitative estimates
of the magnitude and relative importance at
various levels of organization. This is a
significant gap from the standpoint of resource
conservation and efficient use of existing
variation.

A quantitative estimate of the absolute and
relative importance of various sources of variation
constituting the total gene diversity is yetto be
studied heirarchially /. . within and between
populstions by collecting samples from areas
of different ecosystems and muitiple locations
within each ecosystem on different forms over a
large geographical range,

Morphological, meristic, -cytotaxonomic and
electrophoretic studies are yet to be undertaken
to survey exploited species to determine specific
indicators of distinct populstions within each
‘species by unique phenotypas, degrees of
asymmetry in karyotypes or gene frequencies.
Correlations between these will resolve the
soundness of the method which gives unbiased
estimate of genetic variations (Jhingran and
Gupta, 19886).

Analytical spprosch to resource protection

In the past, regulations based on empirical
knowledge were imposed to cater to maximum
_sustainable vield. These regulations assumed
the forms of protective legislations of mesh
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limit, tegal sizes, closed season, decisration of
sanctuaries, limit on catches, restriction on
effort, prohibition of use of destructive methods
of fishing etc-

Research in the last fow decades has given
fise to an analytical approach in contrast with
the above empirically determined methods., The
analytical approach seeks to investigate the
causes of change in the population size and
yield so that these are analysed first into separate
components and synthesized ultimately into
formulations or mathematical models determining
the means of aobtaining the optimum vyields,
(Jhingran, 1986).

Resouwrce conservation approaches

Conservation methodologies for marine
fisheries resources can take the following 3
possible forms (Das et a/., 1986).

(a) In.situ preservation of land races and wild
relatives where genetic diversity exists and
where wild forms are present. This can be done
through their maintenance within natural or man-
made ecosystems in which they occur. The
major advantages of /n sitv conservation -are (i)
continued coevolution, in the wild, these species
can continue to coevolve with other forms
providing the breeder with a dynamic source of
rasistance that is lost in-vitro conservation (ii)
maintenance of /n situ conservation permits the
breeder to study its auto=ocology and to obtain
data that can assist in the selection of germplasm
that might otherwise be overlooked (iii} natural
parks and biosphere reserves may provide less
expensive protection for the wild relatives of
fishes than in-vitro measures.

(b} /n-vitro conservation can be done outside
their natural habitats either perpetuating sample
population in genstic resources centre or in the
form of gen® pools of gamete storaga, germplasm
banks etc. The seed or in-vitro cell lines are
stored in gene banks under appropriate condi-
tions for long-term storage. While this is the
mode for preservation of most plant snd animal
genetic resources, the technique is yet to be
adopted for fish gamete conservation.

{c) Entire biomass- This implies the entire.
preservation of animals and plants in a biomass.
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The National Marine Parks which are being
astablished in Lakshadweep, areas of Palk Bay
and Kutch are in the lines of entite biomass
conservation. This type of preservation will be
extremely important in slowing the rate of
species extinction (Swaminathan, 1983).

(d) Flexible mix of methods- |In view of some
problems in the different approaches, flexible
mix of various methods may be necessary in
particular situations.

Conservation genatics of endangerad fishes

Management of endangered fishes is yet to
fully incorporate conservation genseties into
recovery programmes. Genstic aspects of small
populations must be considered at the outset
of management programmes in order to maximize
probability of their long-term survival and
continued adaptability. Total genetic variance
of a species consists of within population
genetic diversity, and the differences found
among populations. Both types of variance
should be maintained to maximize adaptive
flexibility of endangered fishes.

Forces that erode genetic varigtion include
small population size, population bottlenecks,
genetic drift, inbreeding depression, artiticial
selection in captivity, and mixing of distinct
genetic stocks, These can lead to increassd
homozygosity, loss of quantitative variation,
and exposure of deleterious recessive atleles,
all of which may reduce fitnoss,

Suggestions for genetically sound manags-
ment of endangered fishes include genetic
monitoring of nstural and captive populations,
use of large numbers for captive bresding where
teasible, selective mating to avoid inbreeding
where necessary, minimization of time in
captivity and separate maintenance of distinct
stocks (Meffe, 19886).

Clessitied spheres of rasponsibilities

Three major types of responsibilities for
resource conservation can be discussed as
follows, based on the action needed. (8) The
professional responsibility has to be discharged
by geneticists, fish  breeders, ecologists, con-
servationists and a whole series of scientists and
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technologists connected with the identification,
collection, conservation and utilization of genetic
varighility. (b) The political aspects of the
problem relstes to the development of national
policies which will help to accord priority to
the protection of the environment, conservation
of genetic material, and appreciation of the
dangers arising from genetic  erosion end
vulnerability and the consequant need to provide
enough financial and technical resources to all
work related to conservation. (¢) Even if the
nacessary professiona! skill and political will are
available, the causa of conservation can go
astray if there is no widespréad awareness among
the general public on the need to promote
development without destruction and of the
pivotal role the people themselvas can play in
genetic conservation,

Pressnt strategy of resource conservation

Though the need to conserve animal and
forest resources was taught and decreed in parts
of China and India as far back as 700 B. C, the
fish genetic resource conservation on modern
lines is a very young concept and recent venture
in the country. This is being implemented
through the newly established research organi.
sation which has come to be known as the
National Bureau of Fish Genetic Resousces, The
identified immediate priorities and main thrusts
for the task include (i) ecological and taxonomic
surveys of natural habitats to identity geneti-
cally distinct populations with the help of
advanced techniques, (ii) cataloguing of the
genotypes, (iii) collection of information on
genetic variability for suggesting steps for
conservation of genetic diversity, (iv) ascer-
taining the characters that are polymorphic in
nature for inclusion in studies of genetic
resources and (v) development of practicable
methodologies for conservation of the exploited
and endangered species under Indian conditions.

Future additional strategies of conservation

With the advent of new techniques for
genetic manipulation and analysis of biological
functions, it may be possible in future as already
demonstrated in some cases of animais and
plants, to tailor make genes for the hyper
expression of functions of desired traits in fishes
also. It can be visualised that casettas of DNA
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clones carrying usefu! genes in -forms for 'their
maximal expression will be constructed. Prior
to a detailed molecular analysis of fish genetics
and application of genetic technology. preser-
vation of specific genetic traits is necsssary to
_prov'ide' most of the materiat for DNA analysis.

in view of the enormous quantitative and
qualitiative dimensions of the problem of con-
servation, it is obvious that efforts will have to
be selective, It thus need be directed towards
more realistic appraach in view of our limitations
in the country and the same should meet our
immediate requirements.
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Paper:- 10

THE ROLE OF PLNKTON RESEARCH IN
FISHERIES DEVELOPMENT

T. Balachandran and K. J Peter
National Institute of Qceanography, Regionsl Centre, Cochin 682 018

ABSTRACT

A survay of [literature raveals the large-scale investigations
quartum of fish resources that can be harvestad from ths ses,
qusstion concerned with what makes some species of fish superabundant in the oceans remains
unanswered. Recent studies on the associstions between the pilankton community and fisheries
illustrate how the biclogical oceanogiaphic dats may be utilized in wunderstanding the mechanisms
coniributing to the survival of fish. Many authors have indicated clearly defined relationships between
the environmentel parameters end the fishary. In this paper an stitempt is made to assess the rola
ot plankton that can contribute towards fisheries devalopment. )

Studies on indian Ocean plankton based on . |, O, E. meterial showed that the most important
factor that influences the fisheries of a region is the nature and extent of plankton production
becavse of the fact that the survival of fish and fish larvas in a locality is dependent on the type sand
availability ot food. The wperiod of succesaftul tishsry, especially the plankton feeders such as
mackere! and sardine, hava been found cosnciding with the period of good plankion production;
lhus the survival-density dependence at larval stages in terms of the amount of teed per organism
may play 2 determinant rate. The question to be considered is whether fish larvas are too dilute o
not to affect the density of their food Organisms. i can be concluded that tish larvae are probsbly
too dilute during the sariy phasas to affect their food but as larvae grow this tendency is
reversed ,and food becomes a limiting factor, However, the production food organisms relative
to fish feeding is largely a density indepandent process.

carrled. cut to essess the
However, the answer to the basic

INTRODUCTION

The International Indian Ocean Expedition
surveyed Indian Ocean during 1961-765, the
Research Vessel Varuna during 1961-70
surveyed the south-west coast of india Including
Lakshadwesp Seas and the UNDP/FAQ Peiagic
Fishery Project surveyed the southwast coast
of India during 1971-1375. The main objsctive
of these survays was to determine accurately
and precisely the distribution and abundance
over space and time, of plankion with em-
phasis on Ichthyoplankton. These data can
be of use in the prediction and duantitative
evaluation and potential fertile fishary grounds
and management of the presently exploited
and future fisheries, Plankton biomass  is
considered as an index of fertility of the
oceans. Also they are importami as they
form the base of the food web upon which
larger organisms including fishes ultimately
depand. It is the nature of plankton community
that determinas or controls the fish population
of that area. Thus the effective plankton
cum ichthyoplankton surveys can help usto
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determine- 1) spawning areas and seasons,
2) biomass of adult spawners, 3) annual
fluctuations in adult sbiomass, 4) migrations
of aduits, B) growth and mortality of larval
stages, 6) Relation of oceanographic condi-
tions to distribution and abundance of both
adults and larvae, 7) trophic relations among
fish larvae and zooplankton and 8) species
interactions during the larval stage that may
subsequently affect stock size,

ZOOGEOGRAPHY

Thae first stags necessary, to achiava the
above objectives, is t0 obtain the necessary
basic knowiedge on the taxonomy and then on
the distribution and ecology of the differant
components of the planktonic communaity,
Hundreds of publications have come out on
the above lines., To mention a few among

them are ILIQGE collected reptints 1965-'72
by: UNESCQ, UNDP/FAQ Progress Reports
1-18 (1971-'76) and the papers, presented

at the Symposia held at Kiel (1971), Cochin
(1971) and Goa (1976) and those published
in various journals.
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Based on above studies about ten 200-
geographical regions can be recognized in
the Indian Ocean and adjacent seas. These
areas are characterized by special faunal
associations though they alsc share taxa
with adjacent areas. A numbser of species
migrate into or out of the areas, depending
on the prevailing currents.

Distributional studies on the zoopiankton
of Indian Ocean (IQBC, 1968 a, b) based on
IIOE data rovealed highest biomass in the
Arabian Sea beiween Lat. 10° and 25°N
and Long. 50° and 66°E. more clearly in the
area off the Somali coast and the coast of
Saudi Arabia. Southwest coast of india is
chatacterized by the pattern of high zooplank-
ton production during and shortly after the
south west monsocon and subsequently low
plankton densities from November/December
to MarchfApril- Also Plankton biomass level
showed vyearly variations.

LARVAL ABUNDANCE AND PLANKTON

Based on the distribution of tish larvae
in the northern Indian Ocean nine different
zoogeographical areas reflecting the hydrogra-
phical regimes wera diffentiated (Peter, 1982).
The areas of highest abundance of larvae,
though overlapped at certain places with areas
of zooplankton abundance, did not always
coincide with the regions of their highest
density. Compared to the Arabian Sea, Bay
of Bangal recorded higher numerical abundance
of larvas indicating presence of hitherto
unexploited pelagic fishery resources in the
Bay of Bengal. Swarms of fish larvae were
observed at restricted areas, perhaps owing
to the social behaviour of the palagic
{nektonic) fishes leading to continuous
distribution of eggs. Studies on zooplankton
showed a very genaral relationship betwaen
zooplankton and fish larval adundance.
aventhough a definite monthly correlation
between fish larvae and zooplankton was
lacking. Eventhough a direct relationship
between certain fish larval and zoopiankton
abundance was not apparent, data collected
within a specific zoogeographic area on zoo-
plankton abundance still had relevancs to
larval distribution.
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Studies by Peter (1982) on the relation-
ship batween the number of fish egys and
larvae  and  the volume of the respective
plankten samples in the Arabian Sea and
Bay of Bengal (Figs. 1 & 2} were found to
be inconsistent. Morsover an inverse relation-
ship was noticed in certain cases. These can

15004 .
I

500"
400+
300

2004: . v

No. cf larv_ae / haut
%

;
:
100~ Wav: 4.

7 T
50 00 150

Biomass / hcul

Fig. 1. Rsistionship between number of eggs and

plankton volume in Arablan Sea.

be attributed to the sampleis used, avoidance
of net by larvae and the nature of sampling
(vertical hauls were made instead of oblique
hauls). These factors inherent in the IIQE
sampling could have caused these inconsi-
stencies. Devi (1986) found no relationship
between the volume of the plankton and the
number of bothid larvae. Similar observations
were reported by many (Strasbery, 1960;
Nakamura end Matsumoto, 1966 and Alikhan,
1972), However George (1979) has reported
a pgyitivg correlation from the coastal waters
of gsouthwest coast of India,
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Recent studiss showed that the ratio
of larval fish to their food organisms varied
from place to piace, and 1lhat their number
can be too less to affect the density of food
or vice-versa. Owing to a daily rough mortality
of 5 to 10% and under the dittuse process
in the sea, fish larvae may become reduced
in number with age. When food is scarce
it leads to a reduced growth rate resulting
in a long term predatory mortality, Also
eggregation of predators was found
responsible for the reduced number of fish
larvae. Similarly absence of fish larvae
can lead to survival of prey organisms, while
an absolute reduction in number of paiches
of iood organisms can be effected by the
appearance of fish larvae. Cushing (1983)
concluded that fish larvas are probably too
dilute during the early larval phasses to aifect
their food but as the larvas grow this tandency
is reversed and larvae progressively have
more and more effect on their food.
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PLANKTON AND FISHERIES

Fishery jncludes conventional fin and
shell fishes ard non-conventional associated
edible biota. Development means among other
consideration snhancement of known rescurces
and location of new ones ensuring continued
availability This leads into two complex
problems. Regarding the question as to how
much fish can one take from the seas; fishery
scientist answer this, by estimating the fish
stocks of the sea. Also it depends on the
harvesting capacity based on the economic
considerations. The remaining basic problem
is concernsed with, what makes some species
of lish supsrabundant in the ocean or why
some species of fish ware so succassful in
the sea s0 as to attract man by thair
abundance? The biological oceanographer can
answet this by his extensive studies on the
environment of the seas with emphasis on the
role of plankton. Piankton has a major role
in the variations occurring in the natural
survival of larval and juvenile fish and sub-
sequent recruitment to adult stock. Also
plankton controls growlh of fish. Survival of
fish lervae increases with age. Both
martality and growth may vary considerably
under natural conditions. The laying of large
number of eggs from which only a few adults
survive is a typical r-strategy, The success
of which will bs governsd by plankton and
its environmental parameters and not by the
number of parent steck. At some lower
levels of survival, density dependance .in terms
of the amount of food per organism may
play a dsterminate role. However, the product-
ion of tood organisms relative to fish feeding
is stiil a density indepandent process. Normally
spawning areas and seasons were located by
examining the gonad condition of lishes
caught at various times and places through-
out the year. But recent data on ichthyo-
plankton component based on the actual
spawned eggs and larvae collected have
given us a true picture of the spawning
areas and seasons. Also these data have
provided us with the absolute measure of
stock size, once fecundity per unit waight
and the proportion of females in the stock
are known. Saville (1981) and Berrien et &/,
(1981} estimated absolute size of spawning
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stock size (assessment) directly from egg and
larval survey data. These data when compared
to calch statistics of particular fisheries can
be used to indicate when the level of over
exploitation is being approached.

LARVAL SURVIVAL

The importance of zooplankton as a princi-
pal source of food of marine fish larvae has
been long recognized. Steele (1974) pointad
out the need for more knowledge on food
web cycle for the prediction of fisheries.
Relatively little is known regarding the relstion
between prey density, growth of larvae and
survival.

As early as 1914, Hjort attributed the
ability of a fish population to pass through
the larval period without excessive mortality
as one of the primary factors determining
the size of the resulting year class. Saville
{1975) hypothesized that competition for food
during the larval period might be a mojor
factor affecting survival and subsequent vear
class strength. The stock-recruitment relation-
ships of Beverton and Holt (1957} and Ricker
{1958} indicate that the survival of larvae
may be density dependent at high stock
densities becauss recruitment does not increase
at high stock leveis. Density dependent factors
could operate at either the intra- or inter-
spacies level during the larval stage.

LARVAL MORTALITY

Fish larvae are ready to feed soon after
the exhaustion of yolk reserves or in about
two days time after hatching. According to
Hunter (1976a} one of the principal causes
of the marine larval fish mortality may be
attributed to their starvation after yolk absorp-
tion. Starvation can be detected by morphomat-
ric, histological and chemical criteria. Feading
is effected by availability of sufficient, suitable
food at a threshold concentration (Shelbourne,
1967; Lasker. 1976; Lisivenko, 1961; and
SYSOEVA and Degtersva; 1966); selectivity
(Blaxter, 1963 and Resenthal and Hempel,
1970) etc. Occurrence of many fish larvas
showing symptoms indicative of starvation in
the ocean, was reported by Balachandran
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(1980). This as reported also by O’Counell
(1981) implied that circumstances of insuffi-
cient food were responsible for their occurrence.

Also the proportion of larvae observed
to be starving may be a useful indicator of
ultimate year-class success as it indicates a
substantial part of total daily mortality of
the larvae. Zweifel and Smith (1981) have
aestimated that the average daily mortality
rate for anchovy larvae of less than 1Omm
SL was 219, over a period of years. If star-
vation contributes substantially to .total
mortality. the proportion observed to be starving
may reiate reasonably wel! to eventual recruit-
ment.

LARVAL PREDATION

Apart from drawing food from plankton
fish larvae offer themselves as food tor others.
The plankton coflections analysed so far
revealed presence of predator spacies such as
Chasetognaths, Siphonophores, Chondrophores,
Medusae and Ctenophora at times in large num-
bers. Prochordates, polychastes, hetsropods.
petropods, euphausiids, copepods and decapod
larvae also occurred abundantly in some of
these collections. The abundance of the above
species was controlled more or less by the
environmental parameters. Frequsntly a large
number of fish larvae in various stages of
digestion was observed in the guts of these
pradators. Compared to the relatively passive
volk-sac larvae, the above predators preferred
actively swimming fishlarvae. As ctenophores
float at.or near the surface, their predatory
activity is confined to this zone. But siphono-
phoras are found to bs the most successful
predators as they could move swiftly through
waters. The predatory potential of an individual
is roughly proportional to its size, whereas
that of a species is related to hoth size and
abundance. Alvarino {1981) recorded 108
predator species and noted their major
abundance in hauls lacking anchovy larvae
in those with aggregations of larvas. She
found domination of anchovy waters by

copepods and or euphausiids and larval
absence in hauls dominated by pelagic
prochordates,
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Often the predatory
2ooplankters s found
there is an abundance of copepods which
could be evidenced by the gut content
analysis of these zooplankters. Heavy predation
on fish larvae by chastognaths and ostracods
{Labour, 1923 and Nellen, 1973}, by medusas
tike Aurelia and Cyanea (Fraser, 1969) and
by copepods (Lillelund and Lasker, 1971) was
reported. Predation can be seen varying
anaually affecting subsequent vyears class
strength.

prossure of
weaker, when

In arecent colloquium dealing with larval
fish mortality it was concluded that “major
causes of larval mortality are starvation and
predation, and these may interact” (Hounter.
1976a).

it is a known fact that mortality from
predation is reduced when potential predators
are less in number and mortatity from star-
vation is reduced and when fish larvas occur
in waters with an adequate food supply. A
fishery survives when a favourable combination
of factors as above prevails as is the case
reported for “anchovy water’”,

PLANKTON AS INDICATORS OF FISHERY

Most of the fishes have plankto-trophic
larvae, their presence indicating the occurrence
of the adult species which constitute the
fishery. They also function as indicator organi-
sms, whose |arval life is protracted as in the
case of fiat fishes. Nair {1953) and Nair and
Subrahmanyam (1955} correlated fluctuations
in the oil sardines to the presence of a bloom
of adiatom Fragilaria oceanica. Selvakumar
{1970) realised a relatignship between mackersl
fishery and cladocerans—Evadne and Penilis.
Sakthivel (1972) has commended on the
pivotal role played by pteropods as indicators
and as food for tuna and herring. Alvarino
(1981) related occurrence of Sagitta decipiens
along with anchovy larvae.

JUVENILE FISH SURVIVAL

The large number of fish larvas eaten
by predators may account for the high larval
mortality. Compared to the 10% eggs, 10?
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juveniles formed much larger prey items, but
few in numbers. The more plankion those
juveniles eat, the fasler they grow and vice
versa. While feeding is a marter of survival
for larvas, it is a matter of growth rate for
juvenites. all dependent ¢n plankton avai-
lability. The most important aspect of a fishs
growth for the planktonologist is not only
the availability of absoiute abundapnce of
prey items but also the access to the right
type of food (Parsons and Lebrasseur, 1970),
as the growth efficiency is related to the
nature of food (Paloheim and Dickis, 1966 b).
Leong and O'Counell (1969) noticed alterstion
in the rate of feading by anchovies by changing
the method of prey catching from filter to
reptorial feeding. '

FOOD CHAIN RELATIONS

Knowing, the primary praduction and the
quantitative transfer between trophic levels.
the potential production of tish in an area-

both first stage carnivores {zooplankton
eaters) and predators, c¢an bs estimated.
According to Guliand (1970). compared
to the total annual primary production

in the oceans of about 20x10% tons of carbon
synthesized, the fish catch equivalent to
5x10% tons of carbon (100xt08 tons'vear ol
fish) shows a difference of 4,000 fold. This
is because the fish being harvested are several
stages removed from the primary production
undergoing about 909% reduction at different
trophic tevels Koblentz Mishke et al. (1870)
raporting o1 primary  productivity data for
world oceans noted low primary production
over large areas of oceans and highar producti-
vities i8. 2 to 3 times more in the proximity
of land masses. Ths summary given by Platt
and Subba Rao (1975) indicates that the
total primary productivity in the world oceans
is about 31x10°% tones carbon psr year. These
data obviously warrants a fresh look at previous
astimates.

Recent studies show that fish production
can change appreciably, most probably due
to changes in the efficiency with which the
primary production is converted into fish rather
than changes in the total primary production.
The world’s catch of marine fish in 1966
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was about 44 million tons (FAO, 1967} in
addition 1o 5 million tons of crustaceans,
moliuscs etc. This catch almost doubled to
85 million tons (FAQ, 1987) in 1985,
expanding at around 5% per year. The present
catch is close to the global estimate of
100x10¢ tonsfyr. This tremendous difference
in catch data can be attributed to one of the
three factors low estimation of production,
factua! increase in production or an intensive
fishing. removing an accumulated stock so far
not exploited by altering the size spectrum
harvested.

Slobodkin {1961) indacated a value of
acological efficiency a1t about 10%, Schaefer
{1965) considering the effect of ecological
efficioncies ranging from 10 to 20%, noled
an order of magnitude of increase in the
production of fish at the fifth trophic lavel.
in general, the trophic levels- iucluded are-
autotrophs and saprophages at the first trophic
level; herbivorous organisms as nauplii  of
copepods, same copepodite stages, Oikopleura
and the larvae of some benthic maolluscs and
polychastes at the second trophic level;
omnivorous organism as later stages of cops-
pods, Acartia, Qithona and Centropages at the
third level; primary carnivares as aduit Oithona
at the fourth level; secondary carnivores as
Chaetognaths at the fifth level and the teriiary
carnivore Pleurobrachia at the sixth level
feeding on all other zooplanktons (Petipa
et al, 1970). It is interesting to note that
certain organisms get transferred from one
level to the other during their growth.

Ryther (1989) considered the number of
trophic levels in three communitiss which
may be describad as oceanic, continental
shelf and upwslied. He suggested that oceanic
communilies have long food chains as a
cantinuous flow of biomass from phytoplankton
to fish, with low ecological efficiencies decided
by the three or four levels of carnivorous feeding.
The oceanic area generally with slow annual
primary production average value of 50g
Cim2/yr required five trophic levels leading
to the production of fish, The second food
chain described as coastal or cantinental shslf
occurting in areas where the total annual primary
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production is about 100g C;m2/yr, consists
of three trophic levels whether this is via the
benthic or pelagic community. The third ¢hain
of upwslling areas with a primary production
of 300g Cfm3/yr represents as one and a half
trophic levels - adult anchovy feeding directly
on phytoplankton and whales feeding on
euphausiids

in the above three communities ecological
afficiencies at each trophic level were assumed
to be highest when governed Ilargely by
phytoplankton/herbivore associations  and
lowest for communities in there which were
secondary and tertiary carnivores. Consequently
a 10, 16 and 209, efficiency was assigned to
be oceanic, costal and upwelling food chains
respactivaly. From this Ryther estimated the
potaential fish production of 36,000, 340 and
0.5 mg C/m?/hr. for the upwelling, shelf and
oceanic areas respectively.

A change in the pattern of feeding as
the case with anchovies which usually feed
on phytoplankton but at times feeding on
zooplankters, can reduce the overali efficiency
of transfer of energy from phytoplankton to
zooplankton feeders. Similarly plaice larvae
feeding on some large diatoms as Biddulphia
and Coscinodiscus in the sarlier feeding stage,
can be seen abruptly changing to a zooplakton
diet of Oikopleura. The changes in the
efficiency may be due to qualitative changes
in the zooplankton consumed as is the case
with herring feading on large Cafanus instead
of small Temora and Pseudacaslenus (Staele,
19656). Eventhough there seem to bs no
relation between the total food supplies and
the larval fishes, certainly food supplies,

" possibly of a particular type at a particular

time—eg. When the yolk sac supplies are
finished —may be critical,

An important property of food web is its
stability that is the ability of a system to
maintain itself after a small external pertur-
bation (hurd et &/, 1971). Mac Arthur (1958)
has postulated that development of many
gpocies (ia. a high diversity) is the principal
component in establishing community stability,
But productivity for unit biomass wili be low
as the complex food web requires more energy.
Thus the tropical plankton communities and
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food web with high diversity and stability lead
to low productivity in general. In contrast
the plankton community in temperate waters
with low stability and diversity leads to high
productivity, contributed by one or two species.
Stabilization was also maintained by the imposi-
tion of a limitation on the predator, by periodic
migration of the predator away from its food
source, by the patchiness of the prey distri-
bution and by the imposition of a threshold
concentration below which the prey js not
consumed by the predator. Examples can be
found in the diel migration of zocoplankton
into the suphotic zone (Mc Laren, 1963
and Balachandran, 1980); in the ability of
zooplankton such as suphausiids, to change
from carnivores to herbivores (Parsons, and
Le Brasseur, 1970); and in the occurrence
of a threshold prey concentration in phyto-
plankton/zoopiankion relationships (Parson ef
al. 1967); On the other hand instability may
be imparted in a ptankton community by time
delays (Dickie and Mann, 1872) as is the
case with the branacle community depending
on timing of Skeletonama bloom for the
release of its larvas (Barnes, 1956).

In an aquatic ecosystem, a perturbation
applied to the top of a food chain (as removal
of predators) would have more effect resulting
in an increased biomass (fish production) than
one applied to the bottom of the tood chain
{as added nutrients). In the marine environment
as the exchange of water may remove
arganisms in the study area, itis difficult to
establish  density dependant  relationships
batween the growth of ptanktivarous fish and
plankton growih ratas. Abundanca ol fish is
generally related to the abundance of plankton.
The depensatory mechanism can be noted
when a large number of fish larvas compets
s0 heavily for a limitad amount of tood that
the survivors may become much smaller than
it tewer larvae were present intially. Similar
definite reduction in growth rate of haddock
larvas was noted by Gulland (1962) and
Beverton and Holt (1957), during period of
high stock abundance (Raitt, 1939). Often
predation by planktivorous fish on plankton
community may affect the size structure of
an aquatic food web (Brooks and Dobson
1965). Abudance of planktivorous fish promote
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growth of smaller zooplankton and phyto-
plankters, while larger zooplankton flourished
with fewer fishes.

CONCLUSIONS

The follswing inferences can be arrived
at from the above observations:

a) The highlight of this study on the roie
of plankton in the fisheries development
is that helps us to answer the basic question
in biological oceanography, as to why
some species of fish are superabundant in
certain areas.

b) Plankten biomass act as an index of
fertility of the oceans, giving us an
estimate of the total organic production
and helping us to chart out the areas
of fishery potential.

¢) Fish production can change due to changes
in the efficiency with which the primary
production is converted in to fish rathet
than changes in the total primary
production.

d) The spawning stock size can be estimated
directly from the egg and larval survey
data.

e) Plankton offer themselves as the principal
source of food, the wvariability in their
composition affecting food habits of the
fishes.

f) Plankton assemblages indicated the role
of plankton as a deciding factor in the
spawning of fishss.

g) A fishery survives when a favourable
combination of factors prevails,  adequate
food supply and reduced prey density.

h} Ona of the prime factors
size of the resulting year
ability to pass through the
without excessive mortality.

deciding the
class is itg
larval life

i) Zooplankton preadtion on fish larvas atfect
subsaquant year class streagth/fisheriss.

i) The percentags of stafved larvae can be
an indicator of ultimate year class strength.

169



k) Certaln planktonic species act as Indicators
of fisheries.

1) A multitude of factors control ths extent
of varlations noted in the survival of larval
and juvenile fishes.

FISHERY MANAGEMENT

The role of plankton in fisheries manage-
ment can be as follows:

a} The spawning stock size directly estimated
from the egg and larval survey data, when
compared to catch statistics of panicular
fisharies can be used to indicate when
the level of over-exploitation is being
approached.

b) The conventional method of estimating
slock sizes from commarcial -fisheries was

found inapplicable where fisheries have
besn prohibited due to depletion of stock.

c) Studies on plankton allow us to under-
stand the natural ecosystem in order to
answer the guestion—how much fish can
be caught from the sea.

d) Piankton studies help us to the understand
the effect of removing large quantities
of fish from thesame natura) ecosystam.

We are greatly indebted to Br, B. N. Desai,
Director, National Institute of Oceanography
Dr. M. Xrishnankuttly, Scientist-in Charge of
this centre, for their permission in presenting
this paper,
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STUDIES ON UPWELLING AT THE TURN
OF THIS CENTURY

A V.S, Murty
Central Marine Fisheries Resssrch Institute. Cochin

ABSTRACT

Upwslling in the waters around India and the transformation of physical proparties of the neritic
waters thereof with a stress on thermal front and the potentist utility for fish production in the ses are
described. The necessity of obtaining the snapshot plctures with high grade resclution of locations and
intensities of upwellings and thermal fronis is stressed for effective management of marine fisheries,
The only means of futfilling this objective is by switching over the observations from the time-consuming
ship-borne observetions to satellite produced imegery system  Therefore, by the turn of this century,
the software suitable for localised conditions should be developad and perfected so that the present
day sea truth data collection system by ships would be used only as occasional checking peints,

INTRODUCTION

Of all the coastal upwellings, the Peruvian
upwelling is woild famous because of its
tremendous and wide.-spread influence coupled
with El Nipo effect on anchovy fishery fluctuat-
tons extended to bird-migration (Ceusing, 1982,
Breaker and Christopher, 1986; wooster and Reid
Jr., 1863). Though the phenomenon of upwell-
ing actually means the vertically upward drawn
currents from mid-depths towards the surface,
the phenomenon is well understood by its
effects on the surface and subsurface waters.
The impact of southwest monsoon coupled with
coastal currents is to generate upwelling along
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the coast of India. The entire west coast,
particularly the southwest coast, and the northern
half of east coast expsrience upwselling in
different degrees during the southwest monsoon
period (summer). Under the influence of the
offshore winds of the northeast mdnsoon with
the least opposition by the weaker northerly .
currents, upwelling is generated off Bombay
region during winter (Carruthers et &/, 1969;
Banse, 1968; Murty, 1281).

Watars of the southwest and central west
coast of India (between 7°N to 17°N) are
explored with regards to upwelling and thermo-
cline over a long number of years (Murty, 1965;
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Narayana Pillai, 1982; Ramamirtham and Rao,
1873; Ramamirtham and Jayaraman, 1860;
Sastry and D, Souza, 1972; Sharma. 1988:
Lathipha and Murty, 1978: Anonymous, 1980,
Johannessen, Subbaraju snd Blindheim, 1981).
Studies on upwelling in the waters off east
coast were very limited in space and time
(LaFond, 1954, 1958t Murty and Varadachari,
1968: Ramasastry and Murty, 19568).

From the predominant commercial fisheries
point of view, turbidity and temperaturg of the
neritic waters and the temperature of the offshore
waters play a dominant role in determining the
species distribution and abundance. In a limited
sense, the boundary, the region of transition,
between the mixed layer and the thermocline
below it may be treated as a ‘thermal front”,
tha first order discontinuity in temperature.

The effects of the phenomenon of upwelling
are manytold. The upwelling waters are
productive with enrichment of nutrients. Thers-
fore they serve as green pastures or nursary
grounds of young fish. The locations of thermal
fronts sre controlled by upwelling. Fish con-
gregations areé known to be associated with
frontal regions (Teivo Laevastu and limo Hela,
1970; Cushing 1982). Hence the locations of
thermal fronts indicate where to fish and a what
depth to lower the fishing gear.

The negative effect of upwelling is to replace
aerated waters (4-6 mij1 of dissolved oxygen)
with oxygen depleted waters {(oxygen content
1 ml/t or even less), Adult fish may perhaps
require normally aerated waters: therefors it
migrates away from the oxygen depleted
upwelled waters. This is observed in the
northwest bottom  fishery (Carruthers af a/ ,
1969; Banse, 1968). The bhottom fishes were
found to migrate either nearer to the coast orto
the far off region in their effort to svoid the
wide belt of upwelled region along the coast
with the result that the bottom fishery was not
profitable within the belt of upwelling atea,
Therefora the negative effect of upwelling serves
as a precaution in selecting the fishing ground.

Ditferent species of tuna prefer different
locations of temperature conditions: the ysllow-
fin tuna prefers the warmer (upper side) of the
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thermal front associated with the thermocline,
whereas the bigeye tuna prefers the colder
(lower) side of the front, while albacore tuna is
much deeper (colder)-water-living (Laevastu
and Hma Hela, 1970).

It is evident, therefors, for economic exploit.
ation of fishery resources of the sea. identifica-
tion of exact location of upwelling, its intensity
and extent are required to be known without
delay. Charting out the details of upwelling by
making ship.board observations involve a lot of
time. And such information is useful mainly to
hind-cast the fisheries .

Satallite as QOcean Information Centre

Satellite-borne radiometric techniques werg
developed for ocean use. Radiation amitted by
the surface of the earth or sea which is in the
infrared range of wavelengths is a function of
surface temperature itself. The emitted radiation
is absorbed, chiefly by highly variable water
vapour in the atmosphere. before it reaches the
height of the satellite where it is detected and
measured by radiometer. Nevertheless, from
the measurements made from the several
atmospheric-window channels with the aid of
space-borne high resclution radiometer, it was
not only made possible to correct for the
stmospheric attenuation, but also to attain
spatial resolution as close as 1.1 km locally
(Paul Mc Clain, 1985).

The productivity of the waters is determined
by optical radiometer - blue colour representing
low productivity and green cclour high producti-
vity. Turbidity of the waters is determined by
reflectometer. Procedures for ocean surface
wind vector retrievals from scatterometer data
are being developed.

A sateilite-oriented study of albacors tuna
catch disiributions off the west coast of North
America showed clearly that the distribution
and availability of albacore tuna are closely
related to oceanic fronts.  Significant albacore
aggregations in nearshore regions were found
near fronts associated with upwelling and with
shoreward intrusions of oceanic water. Bluefin
tupa catch in the Gulf of Maxico was well
correlated with the proximity of the surface
thermal front which was determined by visible
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and infrared satellite imageries, Squid jigging
within ten nautical miles of the shelf slope
front of the northwest Atlantic was of much
higher catch rate than the catch rate of other

areas {Paul McClain, 1985),

Remote sensing in Marine Fisheries in Indis

Cushing (1969) feels that the intermittent
halts in upwslling process actually sustain
greater levals of production. As ynonsoons and
upwellings in Indian waters are closely linked
up, breaks in monsoons may lead to such
sustained production by resumed upwellings.
This view again supports the need for monitoring
of upweiling systems of Indian waters by quick
and accurate methad 7 6. by remote sensing.

India has started gaining experience in
remote sensing of coastal zone and marine
respurces through chlorophyll mapping with
ocean colour scanner and sea surface temperature
estimation from infrared radiometer {Pranav Desai,
1985). Regionally spplicable software is being
developed by !ndian Space Research Organi-
sation (ISRO) at its centres at Bangalore and
Ahmedabad and also by National Remote Sen-
sing Agency (NRSA) at Hyderabad, The geo-
stationary Indian national satellite, Insat-IB,
has successfully completed 100 days of its
continuous operation by 7th May 1987, its
very high resolution radiomster has given
thousands of meteorclogical images useful for
flood control in specific catchment areas of
rivers in the colntry.

Howaver, the monsoons and their associated
thick ¢cloud cover and breaks in monsoon make
the problem of atmospheric cotrection of satellite
data more serious. The hinderances posed by
the unique climatic conditions of Indian sub-
continent and of the seas around it have to be
sorted out for their elimination from the remote
sensing data. Empirical solutions may not
stand the test of time. Nevertheless, various
models based on multichannel system have to
be evolved in this direction,

It may be pointed out that our Indian space
applications to sea conditions are still at the
initial stage of having sea truth data to function
as yard-stick to calibrate the satellite imagery
data every time. It means that we have to wait
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for a long for the results, as the sea truth data
wihch is nothing but ship-barne instrumental
data takes time for its final results. Therefore
this system should be made perfact for our
waters so that by the turn of this century the
function of sea truth data reduces to checking
points only Then the satellite imagery perfected
in its calibration gives synoptic picture like the
bird's eye-view, of what is happening in the
surface and subsurface waters, what is needed
is consistent quality of monitoring data on
locations of upwellings, their breaks and changes
of fronts with time (frontogenesis and frontolysis)
which are all essential for effective forecasting of
fisheries for augmentation and judicious fishing
from the ssas around India.
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POTENTIAL APPLICATIONS OF SATELLITE
REMOTE SENSING TECHNIQUE IN
OCEANOGRAPHY AND FISHERIES

P. V. R. Nair. V. K. Pillai and V. K, Balachandran
Central Marine Fisheries Research Institute, Cochin

A wide range of data collection cen be achieved by ramote sensing in oceanography and fisheries
which by conventional ship-board observation would teke considerable time and effort. 3RS v Lindian
Remote Sensing Satellite 1), expected 10 be faunched this year by I5RQ, will form the first of a series of
operational remote-sensing satetlites in resources survey. The Joint Experimenis Programme (JEP) for the
development of suitable sensoss in marine fisheries, orgsnised by 1SRO in collaboration with CMFR! and
FSi, enabled the development of suitable sansors in the estimation of chlorophyll and bioproductivity. In
addition to the 1RS Utilization Programms, SPOT, LANDSAT MSS and TM data also will be avallabla for
this. Tha major thrust from thase studies will be on the structure and gynoptic variability of oceanic frongs,
observations on eddies, their formation and evolution, internal waves through panoramic images, precipi-
tation Intensity in oceanic areas. ocean currents by drifting buoys with transponders and distribution pattern
of chlorophyl in coastal waters by means of diffarential spectra analysis of radiance. These paramsters
can provide considerable infermation to aid in forecasting, exploitation and managemont of tisheries which

have been discussad in this sccount.

INTRODUCTION

Remote sensing is emerging as a major
application of space technology for the survey
and management of natural resources, The entire
band of the electro-magnetic spectrum is selecti-
vely used to study the surface of the earth and
the oceans. Radiations from the target areas
are received by suitable sensors in aircraft and
satellites and the data are transmitted back to
ground stations. Modern data interpretation
techniques are then employed in conjunction
with sample ‘ground truth’ or rsea truth’ data
to generate a variety of important information
required by resource scientists, planners and
administrators.

Ocaan colour represents mean distribution
of radiant energy as a function of wave length.
Itis well known that the oligotrophic waters
are blue and eutrophic waters are green in
colour. 1t is now possible to measure this
colour by remote sensing technigue. The con-
capt of using radiance ratios for various wave-
lengths in remote sensing application of ocean
colour has thus been weli-established.

The use of remotely sensed data in coastal
and marine studies was initiated in India some-
time sround mid-seventies, with the availability
of landsat data and also, serial panchromatic
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and other types of cameras, The early studies
dealt largely with coastal zone aspects such as
shoreline change mechanisms at major river
deltas, wetland monitoring etc. Another area of
marine application that was receiving attention
was fisheries.

The application of remote sensing technique
for marine fisheries research in India is compa-
ratively of recent origin. However, the erstwhile
UNDP pelagic project, in which the scientists
of CMFRI were actively involved, had been
using aerial survey for observing the distribution
and quantification of pelagic resources. But
no serious attempt has been made to utilize
satellite sensor data in oceanographic and
marine fisheries applications vntil very racently.

In the early eighties a Joint Experiment
Programme (JEP) was conceived by ISRO in
collaboration with CMFRI and Fishery Survey of
India.  The major thrust of the work was in the
development of suitable sensors for the Indian
Remote Sensing Satellite in oceanographic and
marine fisheries research. The sea truth data
collected during these investigations wsre
codified and presented at a Seminar on Remote
Sensing in marine resources held at Cochin in
1985. (Silas of 8/.; 1985. Gopalan and Narain;
Narain and Dwivedi; Neera Chaturvedi ef af,
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Dwivedi et #/, 1985). This seminar mainly
dealt with the biological productivity and fishery
resources of the Indian waters and the true
utilization of LANDSAT-MSS and NIMBUS-7
CZC8 data in ocean colour sensing and phyto-
plankton pigment mapping. In addition, the
Ocean Colour Radiometer (OCR) commmissioned
by the NRSA in collaboration with DFVIR of
Federal Republic of Germany was wused for
chlorophyll scanning in experiments in the
Arsbian Sea in order to establish an algoryibhm
through which chlorophyll, yellow substances
and supended sediments could be quantitatively
determined (Muralikrishna, 1983). The above
investigations have given some insight into the
posssibility of remotely sensed data collected
from low flying aircraft and through sateilites with
various sensors in determining the relative vari-
stions in the bioproductivity and thereby fish
aggregations. The possibility of using IRS data in
the coming decades by the Institute (CMFRI)
requires an indepth study by a team in order to
develop the infrastructure for interpretation and
digsemination for the benefit of the industry.

Chapman (1969) has indicated that in
marine fisheries resource exploitation, €569, of
time is spent as search time, 103 for catching
and the balance for travelling to and from the
fishing grounds, Hence remote sensor capabi-
lities can have the greatest impact by introduc-
ing big improvements in the search time. Some
of the properties of the sea that are amenable to
remote sensing are ses surface temperaturs
which will make it possible to predict migration
of marine fishes and water fronts whers fishes
tend to aggregate.

Application potential of IRS systems

The RS has two camera systoms with
sensors in four spectral bands operating between
0.45 to 0.86 microns. The capacities of these
bands in terrestrial and marine applications are
given in Table 1.  Applications te coastal,
estuaring and ocean environments as envisaged
by ISRO from IRS and LANDSAT- MSS imagery
are (1) study of sediment behaviour in estuarine
mouth, (2) monitoring littoral processes and
effects of the coastal structure, (3) evaluation
of suspended mstter and (4) nearshore bathy-
metry {IRS - Data Book DOS - 1988).
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TABLE - 1.

IRS Spectral Bands and Principal Applications

Spectral
Band range Principel
(microns) . Applications
1 0.45-0.52 Sensitivity to sedimentation,
deciduous [ conifercus forest
cover discrimination.
2 0.52-0.59 Green reflectance of healthy
vegetation
3 0.62-0.68 Sensitivity to chlorophyll
sbsorption by vegetation,
differentiation of soil and
geolegical boundaries,
4 0.77-0.86 Sensitivity to green biomass

and moisture in vegetation

From LANDSAT imagery it has also been
possible to monitor pollution by following the
plumes of discharging rivers and large seawage
outfalls and also plumes of sludges dumped by
barges at sea,  Besides, interesting biological
features such as occurrence of plankton blooms
of Trichodesmium, have been identifiad An
anhanced False Colour Composite wusing a
combination of band 4 (red), 6 (green) and
ratio of 4/5 (blue) was found most useful in
distinguishing between areas under algal bloom
and suspended sediments {Balachandran, 1985).

Ocean colour and chiorophylt

Optical oceanography involving researches
on water colour originate from  shipboard
measurements and theoretical studies. Biooptica;
classification of the water is expressed in terms

of chlorophyli-a concentration or total ceston
concentration.
By developing an empirical modsl it is

possible for quantification of chlorophyll con-

tants of the waters using radiance ratios for
various wave lengths by MSS scanners of
LANDSATS. The NRSA Ocean colour

Radiometer built under ndo~Germen Co-opera-
tion has six channels with a spectral band width
of 11 nm centred about 445, 525, 550, 600, 700
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and 750 nm (Muralikrishna, 1983). Using this

spectral data an empirical mode! was developed
for quantification of the chlorophyli content.

The CZCS of the American Satellite NIM-
BUS-7 enables the discrimination between
organic and inorganic materials in water and
their quantification to a certain extent. Most
extensive measurements were made with CZCS
multispectral radiometer in all the seas. Dwivedi
et al. (1985) used NIMBUS 7 CZCS data
collected over the Indian Ocean for phytoplank-
ton pigment mapping. Two sub images, one
off Cochin and another off Karwar along with

synchronous sea truth data enabled the develop-
ment of a C-map (Chlorophy!l pigment map).
From earlier studies conducted in these waters
from the fifties it has been possible to quantify
the total chlorophyll content for different depth
zones, Chlorophyll measurements are indicative
of the bioproductivity of the sea. Sea surface
chlorophyll has been considered to be significant
in the food relations of oceanic fish resources
such as tunas since a steady state relationship
is possible between the forage of tunas and the
chlorophyll through the food chain (Homes et
al., 1857). A general chlorophy!l map integrated
for 0-50m of the whole Indian Qcean as
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Fig, 1. Chiorophyll map of the Indisn Ccean
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presented by Krey et 8/, (1976) is given in Fig 1.
But it requires intensive study on distribution
pattern of chlorophyll both in space and time
which will enable the development of models
for potential yield data in specific regions. 1t
is in this area that the IRS facility can render
repetitive data in shorter time frames on
important fishing grounds,

in this connection it is of interest to note that
the work carried out by Central Marine figheries
Research Institute indicated chlorophly values
of 6.4 mg/m? during October followed by a
sharp fall during November (1.7 mg/m?) and
December (1.4 mg m?) when compared with
the available fish catch data by FSl for the
years 1977 through 1981 showed that the
mean monthly fish catch data for October,
November and December were directly pro-
portional to the mean quantities of chlorophyll.
This suggest that mapping of chlorophyll
distribution either from eirshorne sensors
optimised for ocean colour sensing or satellite
scanners combined with $ea truth measursments
will facilitete in better understanding of the
resource potential.

Sea surface tamperature and distribution of
water masses

The other important area is the thermal
infra-red region of the spectrum (3 to 15m)
where water at different temperatures emit
different amounts of energy which can be
measured by sensors operating in that region.
SST operation by remote sensing technique
will give considerable leeway in weather
forecasting so that the fishermen could be
warned sufficiently early about the develop-
ment of tropical cyclones as well as their
direction. The BST distribution also contains
information on the underlying dynamical pro-
cessas occurring in the upper part of the oceans
such as eddies, warm water currents, upwelling
and thermocline. Thermal pollution from large
power stations can also be monitored from
these information,

Two major phenomena that has signifi.
cance for fishery oceanographers are upwelling
and ocean fronts. The satellite is able to
identify specially the location of the upwelling
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zones and the timing of their movements
which is of great benefit to local fishing
operations.

The IR image from satellite can emphasize sea
surface termperature difference as white streaks
which indicate the pressnce of cold sea surface
water. The sharp contrast between the warm
and cold waters can easily be demarcated. Thus
other applications of remotely sensed data
include structure and synoptic  variability
of oceanic fronts and major currents, obser-
vations on eddies—their formation and evolution,
internal waves and precipitation intensity in
oceanic areas. Eventually it is hoped that
sensors in the microwave region will enable
the dstermination of even salinity threugh
water mass indentification,

Future promising areas in Remote Sensing
for Marine Fisheries

In conclusion it can be said that in view
of its high synoptic potential, the factors
monitored using remote sensing technology
can be of use for long term prediction of the
size of the stocks several seasons away with
forecasts available well in advance of fishing
soasaons so  that the fisherman will have
the advantage of planning their investments
in time and resources before they go to sea,
Commercial fisheries involving sedentary species
such as oysters and clams, can also bensfit
from remote sensor technigue as these resources
are loacated in fairly fixed stations and hence
are extremely sensitive to factors which change
the beneficial environment {Lintz and Simonett,
1976). According to Robinson (1985) the
most fruitful areas of research are ‘likely to
be those in which conventionally gathered data
and satellite observations are ugsed to comple-
ment each other in order to reveal a fuller
perspective of oceanographic process than either
of them is individually capable of providing.
It is hopad that satellites which are to succeed
the present IRS sarigs will have more versatile
sensors in infra red and microwave regions
in addition to the visible region that would
usher in an area in which the entire oceano-
graphic researches could be carried out
synoptically from space benefitting the capture
fisheries to a large extent by provididg inputs
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as long-term forecasts on distribution pstterns
and areas of likely concentrations of fishes,
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ABSTRACT

This paper deals with an

estimation of phytoplankton pigments from Landset Thematic
Mappar (TM) data after removel of atmospheric effect.

Tha pigments derived from Lendsat TM data

of October, 1988 and March, 1987 hava been compared with correspanding surface velues messured

during ship cruise programmes synchronous to satetlite overpass.

In-water algorithm for Landsat TM

bands wes daveloped from the sea data collected off Guilon to Malps in the Asszbian sea at different

periode of the year.

A uniform bias towards underestimation of pigments has been obseived in the

cass of Qctober data snd an sppropriste modification in the pigment algorithm for Landsat TM has .

been suggested.

INTRODUCTION

The presence of phytoplankton pigments is
associated with algal biomass, forming first link
in the marine food chain and therefore remote
sensing of phytoplankton pigment abundance
provides a useful indication of living resources,
An empirical relationship bas been observed
between chlorphyll pigments and water ieaving
radiance ratios in visible region of electromag-
netic spectrum. This relaticnship is exploited
to ostimate pigment from the satellite data. As
a first step, the backscattered radiance from
water is isolated from the total signal observed
at the sensor through elimination of atmospheric
scattering effects. Subsequently phytoplankton
pigment is estimated with the help of a bio-
optical algorithm developed from the sea data.
it is desirable to determine absolute values of
the pigments with the maximum achievable
accuracy if one intends to estimate indirectly
the fish stock in a quantitative manner from
pigment estimates, An attempt has been made
here to compare satellite derived pigments with
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the comresponding surface measured pigment
values. Aspects related to the accuracy of
pigments estimates and probable source of error
have been discussed,

Rationale for utilization of Landset Thamastic
Mapper data

It has been possible to achieve otean colour
measurements from space with Coastal Zone
Colour Scanner (CZCS) (Gordon and Clark,
1980; Gordon et &/., 1980. Smith and Baker,
1982; Gordon eta/, 1983; Singh et al., 1983,
Sturm, 1983; Dwivedi and Narain, 1883) with
accuracy goal of estimating pigment concént-
ration within accuracy goal of 0.5 log C  (where
C is phytoplankton pigment) as set by Nimbus
Experiment Team. However, avilability of CZCS
data is no longer consistent and hence eattention
of scientists and engineers working in this area
has been drawn to Landsat Thematic Mapper
(TM), Except for broad bands of TM as comparad
to CZCS (resulting in loss of sensitivity to
detect chlorophy!! changes), it has severs!
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advantages over presently available Lendsat
MSS, in favour of its use for ocean colour
mapping. Band 1 (blue-green) and band 2
(green) of TM almost match the maximum and
minimum absorption characteristics of chloro-
phyll-a whereas band 3 and 4 in red and near-
infrared are useful for estimation of aerosol
scattering effects, Eight bit quantification of
signal provides increased radiometric sensitivity
gnd dynamic range. Higher Signa! to noise
ratio of TM is ideal for detecting very weak
signal emerging from oceanic waters, Landsat’'s
morning equatorial crossing time prevents sun
glint from entesing the sensor's field of view.
in view of these technological improvements
and regular availability of data, TM appears to
be an appropriate substitute till dedicated
sensor like Ocean Colour Imager (OCl) or Ocean
Colour Monitor (OCM) are available for ocean
colour mapping in the distant futwre. In a
preliminary study the application of Landsat TM
in. phytoplankton pigment mapping has been
damonstrated (Kim and Linebaugh, 1985;
Dwivedi and Narain, 1586).

METHODS
Saa truth data acquisition and analysis

Sea truth data on phytoplankton pigment
and upwelling radiance/downwelling inradiance
were collected in the Arabian sea using Turner
Designs fluorometer model 10 series and Li-cor
- make underwater spectroradiometer, Data on
above parameters wers collected at various sea
stations between Quilon (9°N) and Malipe (13°
20°'N) in the Arabian sea, off west coast of India.
The cruises were timed synchrenous to  satellite
overpass using the vassels viz. RV Skipjeck
(CMFRI) and MV Matsya Varshini (FS1). An

algorithm developed from regression analysis of

the ship data was of the following form.

L(485) | -0.63
C=1.62{ L(589) }

where r =0.68; Sy x=0.12 (n=18)

and C is phytoplankton pigment (chlorophyli-a+
phaeophytin-a) in mg/miL is radiance in TM
band 1 (C{ =485nm) and band 2 (C{ = 689am).

Approach to digital dste enalysis

Two scenes of Landsat TM CCT (Path 145,
Row 052 of 19 Oct’, 1986 and 12 Mar’, 1887)

BULLETIN 44

covering oceanic areas off south of Calicutto
Kasaragod in the Arabian sea were studied for
pigment estimation and its validation. Orignal TM
data were reformatted in band sequential form and
compressed ta 20 times through resampling.
This compression was performed in view of the
fact that oceanic features do not change signifi-
cantly over a large area and spatial resolution
of the order of sub kilometer is adequate for the
application. Moreover a technique of date
compression prior to processing reduces data
handling and processing time. A compressed
full image obtained by merging of four quadrents
(350 pixels x 284 scan lines) thus could be
displayed on Comtal image processing system.
The data were corrected for atmospheric effects
to retrieve water leaving radiance. Spectral
radiance Ly (A) received by the sensor can be
expressed as;-

Lt (A) = Lr (A)+La (A) +tbw(4)
where L (A) = Radiance contributed by
scattering due to air,
La (A} = Radiance due to aerosol
component.
t = Diffuse transmittance of the
astmosphere,
Lw (A) = Radiance backscattered from
water.

Lgr (A) and La (A) were estimated using solar
and sensor ephemeris for the central pixel
(Dwivedi and Narain, 1986).

Fig. 1
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Comparison bstween satellite derivad §|
phytopiankton and in sitt measuraments

Sea station correspondiﬁg to known surface.

pigments was located on colour coded map
showing spatial distribution of phytoplankton
pigment (C mep) obtained from TM data (fig. 1).
As a next step the pigment values derived from
TM data and their corresponding surface vglues
were plotted as shown infig-2, A 45 degree
line was drawn along with the scatter pilot for
comparison (fig. 2). A uniform bias towards
underestimation of pigments was obsérved in
case of October scene whereas the pigment
veiues were uniformly overestimated in case of
March scene (fig. 2).

Results and discussion -~ =

It sppears from figure 2 that. TM sensor

does not yield reliable estimates for pigment
concentration in the range 0-0.5 mg/m?.

BULLETIN 44

In*rthe pigment
pigments are uniformly underestimated by a
factor of 27 per cent. ' '

range of 0.5.2 mg/m?

Incase of C > 2 mg 'm? deviation from 4B
degree line is more, probably because in this
case clorophylls act as large particles and con-
tribute more prominantly in. terms.. of back-.
scattering apart from absorption in  band 1,
Pigments have been found to be underestlmated
by a factor of 57 per cent in this rangs. '

A set of two factors as mentioned above
have been- utilized to correct the estimated
pigments. Figure 3 shows a colour coded C
map with modified. plgment values after bies -
correction.

Conclusions.

Landsat TM data do not show sensitivity
towards detection of low value chiorophyil
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fig. 6

pigments (C 0.5 mg/m?) obviously because
of its broad bands. However, if season depend-
ent algorithm is developed and applied, better
estimate of pigments can be made. A bias
corrected C map as shown in figure 3 is expected
to exhibit realistic values of pigments since the
bias is removed with an appropriate correction
factor.

Reduction in sensitivity to detect chlorophyll
changes due to TM's broad bands is reflected in
tigure 2, It is seen that variation in chlorophy!l
pigment concentration is very small. This is
because the corresponding estimated radiance
ratios show very little change from pixel. to
pixel,
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Madras Resesrch Cantra of C. M. F. R. Institute, Madras-600 105

ABSTRACT

An increasing trend in the annual catch of elasmobranch fishery from 35.6 thousand tonnes during
sixties to £53.9 thousand tonnes during seventies and £9.6 thoussnd tonnes during the current decade
lupto 1985) was abserved. This increase |s mainly due to the large scale mechanisation of the
fishery during the seventies. At present, thouph $6 5", of the resources is from the west coast,
Tamilnadu ranks first contributing 25% of the all India catches,

The optimum levels of effart to get the MSY for sharks and rays using the Schafter model at
salacted centres have been worked cut and presented. The study has indicated that there 15 scupe
for increasing the trawiing etfort at Visakapatnam, Mandapam and Fameswaram whereas reduction of
trawling effort is suggested for Madras, Kakinada, Tuticorin, Calicut and Bombay. Tha MSY worked
out for the gill net at Cuddalore suggested the advisakility of increasing the eftort whereas a reduction
of the effart is indicated for Calicut

Simitarly MSY for sharks obtained in the trawters at Tuticorin and Nsgapatnam irdicatss 1he need

for a reduction in fishing etfoit a1 Tuticorin and increasing the effort st Nagapatnam.

INTRORUCTION

The sharks, skates and rays from one of the
important groups of commercial fishes on both
the coasts of India which earned a foreign
exchange value of Rs. 217 9 takhs during the
year 1984. The average annual production for
10 years 1976-1985 was found to be 58,8621t
These catches are recorded along with different
types of gears used mainly for catching other
fishes and hence they are found unsuitable for
catching larger sharks. As such it can be said
that there is no gear available for theése groups
exclusively.

The resources of this fishery has not so far
been highlighted in India, even though it
contributes around 49, of the all India catch.
Some literature on elasmobranchs worth while
mentioning were by Setna and Sarngdhar (1946
and 1949), James (1973) summarised the
available information on this group in India,
Subsequently, Devadoss (1877, 1978 a and b,
1979, 1984 a and b) studied on some aspects of
the biology and fishery of few sgpecies of this
group.
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In this paper* an attempt has also bean made
to throw light on the possibility of increasing
or decreasing the fishing effort to achieve the
maximum sustainable yied all along the coasts.

ALL INDIA ELASMOBRANCH PRODUCTION

For the 25 year peried 1961-1985 the elas-
mobranch catches fluctuated betwean 28,401 t
(1967) and 69,844t (1983) with the annual
average of around 50,159 t. There is sharp
increase in the average catch of this group from
35.6 throusand tonnes during sixties to 53.9
thousand tonnes during the seventies and in
eighties upto 1985 it reached the peak contri-
buting 59.6 thousand tonnes (CMFRI, 1982,
1983 and 1986). Figure 1 depicts for the period
1961.1985, The increase in the landings was
very much notable from 1974 onwards. The
catch during 1973 was 44, 917 and increased to
66,054 1 during 1974, showing an increase of
47 % over that of 1973, It is also observed that
the catches were more or less steady and never
% This formed part of the thesis for the degres of

Ph. B of Annamalai University by P. Devadoss
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Fig. 1. Annual landings ot elasmobranchs tor the years

1961-1986

fell below 52 thousand tonnes. This increase
in the catch is due to the significant increase in
mechanised fishing effort and rapid development
in the infrastructural facilities for the fishing
industry as a whole.

The major specias contributing to the fishery
consists of Carcharhinus sorrah, C. limbatus,
C. dussumieri, C. melanopterus, C. marcloli
Geleocerdo cuvier, Hemipristis elongatus.,
Scoliodon laticaudus, Loxodon macrohinus,
Rhizoprionodon acutus, R. ofigolinx, Isutus
oxyrhincus, Sphyrna blochii, S. lewini,

&, mokarran, Rhynchobatus djeddensis,
Rhinobatus granuiatus, Rhina ancylostomas,
Degsyatis sephen. D. uvarnak., D. imbricatus’
D. marginatus D alcockii, Aetobatus narinari:
Aectomylus nichofii, A. macuiatus, Rhinoptera
jevanica, Gymnura poecilure and Mobula
disholus. Some oppear casually in the fishary
and these include the whafe shark, cat sharks,
Saw fish and electric rays,

TREND OF PRODUCTION ALONG THE
EAST AND WEST COASTS

For the ten vyear period 1976-1985, the
annual average elasmobranchs landed from the
east and West coasts was 25,603t (43.5%,) and
33,268t (66.5%) respectively (Table 1), it
will be seen that the total catch shows
considerable fluctuations in both the coasts.
Unlike other fisheries which reveal a pattern of
25:75 for the east and west coasts respectively,
elasmobranich {fishery has showed ng such
marked variations between both the coasts

{Fig 2).

TABLE 1.
Trend of elasmobranch production slong the east and west coasts of Indie during 1976 - 1985

Catch in East coast

Casch in West coasf

Catch Increase/decrease  Catch Increase decrease

Year (tonnes) over previous year (tonnes) over previovs year Total Increase/
(%age) {%,age) decrease

1976 29,431 25,174 54,605
1877 26,950 — 8.4 35,266 +40.1 62,216 +13.9
1978 27,624 + 2.5 33,997 — 35 61,621 — 0.9
1979 24,272 —12.1 28,57 —15.9 52,843 ~14.2
1980 25,681 + 1.6 33,201 +16.2 57,862 + 9.5
1981 22,704 — 7.9 33,306 + 0.3 56.009 + 3.2
1982 24,231 + 6.7 40,085 +20.4 64,316 +14.8
1983 31,489 +30.0 38,356 — 43 69,844 +18.6
1584 24,845 —21.1 32,796 —145 57,641 —17.5
1985 19,825 —20.2 31,834 — 2.9 61,659 —10.4

Total 256,032 332,684 558,616

Average 25,503 33,258 58,862

Percentage 436 56.5 100.00
189
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Elg. 2. Elasmobranch production along the ssst and west coasts of india and expost figures for shark fins.

A.  Elasmobranch catch during 1976-1986 on the west cost B,

on tha a3st coast

C. Trends in catch of sharks, skates and rays in 1935 on the west ¢oast.

Etasmobranch ¢atch during 1976-1986
D. Trends

in catch of sharks, skates and rays in 1984-198% on the east Coast.

DETAILS OF STATE-WISE PRODUCTION

The state-wise average  production of
elasmobranches is shown in figure 3. The
- estimated catch for the ten year period, 1976-1985
revealed that Tamilnadu ranked first with an
average landings of 14,783 t which constitutes
259, of the total elasmobranch landings of

Gujargt
Maharashtrd
Goo

Karnataka
Kerala

Tamil Nadu
Anghra Pradesh
Orissa

&4 Othere

{Andamane, Lakshadwa

baBBAALE

Fig- 3. Contribution of elasmabranchs from the maritime
states and unlon tarritories.

India. Gujarat with 12,088 t ranked second
forming 20.5%. West Bengal contributed a
dismal 0.7¢ of the catch. The Union Territories
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of Pondicherry, Andamans and Lakshadweep
together contributed 1.2%. While fishes almost
all round the year as incidental catch, in
Tamilnadu and in certain parts of southern
Andhra Pradesh a specialised bottom fixed net
for rays and skates is operated during
September, Qctober and January to March
period when large quantities of rays and skates
are tanded.

It is noted from the data furnished that the
increased production in the year 1983 may be
attributed mainly to the increased landings from
Tamilnadu, Kerala and Maharashtra. While the
fishery showed tluctuating trends in almost all
the states like Andhra Pradesh, Maharashtra and
Gujarat produced a definite pattern of catch.
Andhra Pradesh recorded an increasing trend in
recent years—1983, 1984 and 1985 as Gujarat
reached maximum catch during 1980-1682 and
Maharashtra during 1982 and 1983.

GROUP-WISE LANDINGS

Analysis of data for the period 1981-86,
presented in table 2 in respect of three major
groups, sharks, skates and rays, revealed the

CMFRI



TABLE 2.

All India landings o sharks, skstes end ravs (in tonnes)

Sharks Skates Rays
Year o Total
West coast East coast West cost  East cost  West cost  East cost
1981 25,184 7.927 397 661 7.063 14,777 56,009
1982 29,568 10.196 2,422 923 7,142 14,065 64,316
1983 27,455 11,772 2,916 1,288 7,981 18,429 69,844
1984 22,455 11,064 2,254 861 8,087 12,920 57,641
1985 22,910 9,826 2,716 799 6,208 '9,201 61,659
Total 127,527 50,786 10,708 4,532 36,481 69,392 299,469
Average 25,662 10,157 2,142 906 7,296 13,878 69,894
Percentage 71.5 285 70.3 29.7 344 65.6 —

dominance of sharks in all years (fig 2), Sharks
contribution during the five years, works out on
an average to 59.69%, followed by rays 35.3%
and sharks 5.1%,. Woest coast emerged as centre
for sharks fishing {71.5%) as east coast for rays
(66.6%,) as shown in table 2 Even though the
contribution by sharks was not impressive, 70%
of them were landed from west coast. The peak
landing was noticed during 1982 and 1983 for
sharks and 183 for rays and sharks. The following
years, 1984 and 1885 recorded a declining trend.
Species of gray sharks carcharhinus dominated
the sharks catch with 70-78%, while Dasvatis
formed 68% of the rays and skates fishery at
Calicut \Devadoss, 1984).

GEAR-WISE CATCH

Elasmobranchs are landed mainly by gill nets
and trawls. Hooks and line also is used some
times, but the catch is negligible. Gearwise
landing estimated for the period 1981-85 are
presented in table 3. Since particufars of catch
are not available for all the centres, details are
projected only from all centres. Trawlers landed
80% of the elasmobranchs, while gill nets’
contribution was 19%, the remaining by other
units.

At Visakapatnam and Kakinada rays and
skates formed 80%, and 879, respectively of the
elasmobranchs landed by trawl (fig.4) Rays and
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skates also dominated the elasmobranchs landed
by trawlers at Madras, Nagapatnam, Mandapam,
Rameswaram and Tuticorin with 65-100¢, and
sharks formed 70-90%, among the elasmobranchs
from gill net catches of these centres. The Major
centres of Kerala, Sakthikulangara, Cochin and
Calicut accounted for more than 80% sharks in
the elasmobranchs landed by gill nets, while
rays and skates shared 85% of elasmobranchs
landed by the trawls. The same trend is noticed
at Veraval and New ferry wharf af Bombay, but
the catches at Bombays sasoon dock and Mang-
alore revealed the dominance of sharks from
both the gears, whereas at Tuticorin the gill net
catches of elasmobranchs showed 50% by skates
and rays.

The catch trend appeared to show Sakthi-
kulankara, Cochin, Calicut and Mangalore as
centres of shark fishing (drift gill net). and other
centres for rays and skates (trawl).

ESTIMATION OF SUSTAINABLE YIELD (MSY)

Based on the racent years catch and effort
for sharks and rays from the mechanised trawls
and gill nets the .surplus production model i.e,
Schaffer model (Ricker, 1976), the maximum
sustainable yield (MSY) and the optimum level
of effort to get the MSY was estimated in major
centres of India. The percentage contribution of
sharks, skates and rays, cpue and total catch of
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TABLE 3.

Percentage contribution of sharks, skates and rays; catch per unit effert and total caich of
alasmobranchs in trawls and gill nets (in parenthesis)

Cantres Sharks Skates rays CPUE Total catch
% % % (kg) (t)
Visakapatnam 10 28 62 43 126
Kakinada 13 16 71 8.9 384
Madras 35 12 53 8.7 259
Cuddalore rA 5 24 394 68
Cuddalore (90) (O) {10y (179.1) (252)
Nagapatnam 7 2 9 13.2 344
Mandapam 0 0 100 6.4 242
Pamban Palk Bay (54) (0) (48) (6.7) {70)
Pamban Gulf of Mannar (90) 0) (10) (17.0) (118)
Rameswaram 0 0 100 318 2,930
Tuticorin 34 0 66 17.2 601
(50) {0 (50) {8.5) ey}
Sakthikulangara 11 0 89 2.3 349
Cochin (94) ) (5) {52.1) (645)
Cochin 12 T a7 1.2 58
(95) ) (4) (23.2) (434)
Calicut 16 o 85 7. KX
(97) (0) (3} (35.3) (107)
Mangalore 70 0 30 1.3 49
' (100) (0) ©) (16.7) (47
Bombay Sasson Docks 64 10 28 67.8 1589
(72) (7) (21) (79.8) (309)
Bombay New Ferry Warf 33 29 38 182.1 3.498
(90) (0) (10) (68.0) (10)
Veraval 23 25 ) 52 — 065
(78) (0) (22) (—) (425)

elamobranchs in trawl net and gill net are given Visakapatnam : At the Visakapatnam outer
in table 3 for different centres. In general rays  harbour during the years 1980-85 the average

dominates trawl catch except in centres of  ga5mobranch catch by trawt was 126 t the cpue
Bombay and Mangalore where sharks contributed being 4.3kg. The percentage of sharks, skates

64% and 70% respectively in the elasmobranchs .

catch. But in gill netters shark formed the major and rays was 10, ?0 and ?2 respectively. The
portion, The present (1980-85) annual average number of operations varied between 27 and
catch, effort and cpue and estimated MSY, sharks 99 thousands. The estimated MSY for rays was
and rays in different centres are given in tsbles 166 t and for sharks 14 t. As the present catch
4and 5. The salient features are discussed  of rays and sharks were 78 t and 131, there is

centre-wise. much scope for increased trawl effort for rays.
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Fig. 4. Distribution pattern of sharks, skates and rays at seleCted centres.
Kakinads : The contributions of elasmobranchs  against the present average landings of 135t

by trawl ranged between 310 and 469 t with an
average of 384t. Rays contributed 71% and
skates and sharks 16 and 13% repectively. The
estimated MSY for rays and sharks were 3051t
and 44 t as against the present average of 274 1
and 40t landed respectively. To obtain the
MSY for rays, a reduction of 23% and for sharks
an increase of 10v% effort is suggested. The
present average effort was 31 thousand traw)
operations,

Masdras : Trawlers landed 83-560 t of elasmo-
branchs with an average of 2591t and a cpus
of 8.7 Kg. Rays formed 53% and sharks 35%
and skates 129,. !In gill netters the contribu-
tions of sharks, skates and rays 719, 24%, and
Bo, respectively of 68t of the average catch.
The estimated MSY for rays in the trawl catch
and gill net were 167 and 31 t respectively as
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of rays and 16 t of sharks. To obtain the MSY,
a reduction of 19%, trawl effort and an increase
in gill net effort of 98% is advised. The present
average catch of sharks were 111 t and 481
from trawlers and gill netters and the calculated
MSY were 154 t and 64 t. An increase of 103g
and 989 of trawl and gill net efforts is
necessary to obtain the MSY of sharks.

Nagapatnam . The elasmobranchs catch fluctu-
ated form 78 t to 605 t with an average of 344 1
by trawlers. Rays and sharks contributed 90%
and 7%, respectively with an average cpue of
12.0 kg and 0.8 kg. The annual average catches
were 318t for rays and 19t for sharks. The
estamated MSY for sharks was found to be 21 t,

Cuddalore: The gill net {ishery contributed
95-680 t of elasmobranchs, the annual average
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being 262 t and cupe 169 kg. Sharks formed
80% and the rest by rays. The MSY for sharks
and rays were 375.27t and an increase of 39
efrort for sharks and 239, for rays is possible
toc gat the MSY.

Mandapam : Among the elasmobranchs rays
dominated the catch in trawlers which {luctuated
between 209 and 3321, The MSY for rays was
419 t as against the present catch of 242 tas

average. An increased effort of 182% s
recommended to obtain the MSY.
Remeswarem ©  Rays contributed the entire

slasmobranch catch by trawlers which fluctuated
between 7330-3463 t with an average annual
catch and cpue of 2930t and 3'.8 kg respect-
ively. The MSY calculated was 4042 t suggest-
ing an increasad effort of 108%.

Pamban: The indigenous drift gill nets from Palk
Bay and Gulf of Mannar contributed an average
annual catch of 70 and 118t respectively during
the years 1970-76. Sharks formed 90% from
the Gulf of Mannar and 54% from the Palk Bay
and the rest by rays. The average cpue of gill
net for sharks was 15,2 and 2 6 kg.

Calicut . During the years 1971-80 the elasmo-
branch catch by trawlers fluctuated between
14-67 t, the average annual catch being 38 t.
Rays formed 85% and sharks 15%. The MSY
for rays was 41t and the effort required was
only 5 thousand as against the average catch of
33t 6 thousand boat day operations. So a
reduction of 19% trawl effort is necessary to get
the MSY. The average gill net catch was 104 1,
sharks forming 97%. Here alsc a reduction of
7% offort is advisable.

Bombay : At Sasscon dock, the annual average
catch by trawlers was estimated as 1587 t
during the period 1980-85, Sharks contributed
649, and skates and rays 10%, and 269 respect-
ively, Gil! net landed an annual average catch
of 309t of which sharks, skates and rays
contributed 72%, 7% and 21% respeclively. To
achisve the MSY of 618 and 75 t from trawl and
gill net as against 416 and 65t a reduction of
trawling effort is necessary. In regard to gili
net an increase of 57% effortis needed to get
the MSY of 256 t of sharks from the present
level of 214 t. At New Ferry Wharf, trawlers
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landed an annual catch of 3488t of elasmo-
branchs with a cpue of 182 kg, sharks, skataes
and rays contributing 33%,, 29% and 3%%

respectixely Gill nets landed 9t of sharks
annualby.
Veraval: During the years 1983-84 and 1984

85 trawlers landed 956 and 974t of which
sharks, skates and rays formed 23%, 25% 52%
respectively  Gill nets landed 276 and 574
tonnes during the same period of which sharks
shared 78% and tha rest by rays.

NOTES ON THE BIOLOGY OF SOME
IMPORTANT SPECIES

Sharks of the family carcharhinidae are the
most important groups dominating the fishery all
over the world., Similarly Carcharhinus formed
the bulk of the catches of our coasts also. The
following species are commonly reported in the
Indian goasts.

Carcharbinus limbatus: This shark is cosmopolitan
in distribution in the inshore regions of tropical
waters. It is capable of tolerating reduced
salinities, but never penetrates into fresh water,
Feeds primarity on fishes like sardines,
mackerels, croackers and soles; cephalopods and
crustaceans are also taken., Devadoss (1977)
recorded that mackerels formed the main diet
during the mackerel season, April-June at Porto
Novo. Grows to maximum of 2.6 m. Males
mature at 140.150 ¢m and females at 153-160
cm producing an average of 6 embryos per litter

. and the size at birth is 55.60 ¢m, They are

usually caught in drift gill net, hooks and line
and bottom set net.

C. sorrahr: This is also a common shark fished
along the coasts of India and it oftan frequents
coral reefs. A short and sturdy species, it grows
toaround 1 5 m. Feeds on bony fishes like
mackerels, flying fishes, sardines, squids and
prawns. Males mature at 115 ¢m and femaies
at 120 cm (Devadoss, 1977). Litter size is 2.6
young and size at birth is 40 cm when they are
delivered during March-May in Indian coasts.

C. dussumieri A small, common species of
shark in the inshore waters, often confused with
its closely resembling cousin C. sealie ( = C.
Meni sorreh). Feeds on small fish squids and
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crustaceans, It grows to a meter long; males
maturing at 65 cm and female at 76 cm. Size at
birth is 35cm  Breeding throughout the year in
East Indies (Teshima and Mizue 1972). Develop-
ment, viviparous method, having a litter size of
2 embryos

C. malanopterus: A wide ranging Indo-pacific
tropical shark and is capable of migrating into
estuaries and brackish water for the purpose of
delivering their pups. Growsto 2-2.5m Young
ones just born with fresh umbilical scar, 45.50
¢m in total length were often recorded during
November-December in the estuary of the river
Chaliyar, South of Calicut city. The young were
taken in the gill net set with in a kilometer range
from the river mouth. Feed includes a veriety of
fishes like mullets, silver bellies, anchovies,
hilsa, skates, prawn and Squilfa. It is commoniy
fished by drift gill net and tong line.

C. maclotii A small medium sized shark grown
upto a little over a meter in length. Fished by
drift gill net and hooks and line, marketed fresh,
sometimes salt-dried. Its diet consists of small
fish, crustanceans and squids Males matuer at
60 cm and females at 70 cm producing 2 young
per litter, young measure 35 cm at birth,

Galeocerdo cuvieri: The  largest recorded
measured 740 ¢m. A widely distributed tropical
shark capable of cruising in mid ocean. It
shows nocturnal movement into bays and
esturaries. Feed includes a wide variety of
marine and terrestrial form. Fishes eaten includ-
ed all kinds, eels, cat fishes, parrot fishes
flat fishes, flat heads, flying fishes, procupine
fishes, puffers, skates and rays. Marine
feptiles eaten are sea turtles, green iogger heads
and ridley turtles. Even sea snakes are not
spared Sea birds including cormorrnts and
pelicans are other items of the diet. Marine
mammals taken by this shark are sea lions, seals
and dolphins, carrion from terrestrical birds and
mammals i$ common, Inanimate objects which
may by accidental inclusions in their stomach
are leather bags, pieces of coal and wood, cans
and small barrels,

Tiger shark is one of the dangerous sharks
known for attacking divers and swimmers and
boats, Among tropical sharks tiger shark has
worst reputation as man eater.
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Development is ovoviviparious, litter size is
very large, 10-82 and size at birth is 60-75 cm
pupping is reported in November - January in
Bombay waters (Sanagdhar, 1944,

Scoliodon laticaudus :  An abundant species in
west coast and southern part of sast coast of
India. It is very rare in the North Tamil nadu
coast. It grows to 85 tm but majority of males
grow up to 57.55 ¢m and female up to 65 cm,
This is mainly caught in trawl. But those
caught in drift gill net are females above 50 cm.
Maturity at 30 cm and 35 cm for males and
females respectively, Developmant is viviparous
with yolksac piacenta, breeding almost through-
out the year, and produces upto 20 embryos per
litter. Size at birth is 14.5 cm. Food consists
of small fishes, crustaceans and squids.

Rhizoprionodon acutus ;A medium sized shark
in the inshore regions, grows to a little over one
meter. [t is more abundant in west coast during
September to February and in East coast during
summer months. Feeds on small fishes, squids
and cuttle fish, crabs and shrimps. Viviparous
mode of development with yolk sec placenta
number of young varies from 2-6, Parturition
takes place during summer months on the east
coasts, size at birth is 26-27 cm.

Next to grey sharks, hammer head sharks
form a sizable fishery. Of the four species
recorded. Only Sphvrna lewini is very common.
S. blachii and S. mokarran are less important.

S. lewini: This is most common hammer head
shark in our coasts, A highly migratory form
found in the tropical region of the oceans.
instances of sexual segregation are reported.
Feeds on fishes like sardines, anchovies,

mackerel, eels, milk fish, soles etc. Sharks and
rays are also eaten. Development is viviparous

with yolk-sec plecenta and a litter size of 18-30
pups. A maximum of 20 pups was observed
(Devadoss 1977) in our coast. The size at birth
is 45-55 cm and grows to 4.2 m.

Saw fish: - Pristis microdon and P. cuspidatus
are sporadically caught. The former is reported
to grow to 25 feetm but actually specimens upto
5 m are often met with, The season for the saw
fish fishery is during Masch - September in the
east coast, gravid females were caught during
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TABLE 4.

Annual avarage catch, effort and CPUE for the years 1980-85 and astimited MSY,
effort (fmsy) and catch per effort (Y. fy for rays in traw! (Tyand gill net (G) catchas in different
centres.

Center Name of Catch Effort CPUE MSY f msy yif Effort to MSY
Unit (t) (x1000) (kg) {t}  (x1000) (kg)

Visakapatnam T 78 31 2.6 234 166 14 +4429,
Kakinada T 274 40 7.0 305 31 9.9 — 234
Madras T 1356 32 5.0 167 26 6.6 — 19%
G 16 2 11.9 k! 4 7.8 + 98%
Nagapatnam T 319 26 12.0 — —_ — _—
Cuddalore G 19 2 11.1 27 3 9.1 + 26%
Mandapam T 242 45 5.4 419 127 3.3 + 1849,
Rameswaram T 2530 93 31.8 4042 193 20.9 + 1089,
Tuticorin T 3 40 8.8 462 27 17.4 — 33Y,
Sakthikulangara T 312 132 2.3 — — — —
Calicut T 33 6 6.3 M 5 81 — 199,
G 2 3 0.8 2 3 0.9 — 79
Bombay Sassoon Dock T 416 22 18.6 618 14 432 — 369%
G 65 4 172 75 3 25.7 — 269
Bombay New Ferry Wharf T 1666 24 70.3 _— — — —
TABLE 5.

Annual average catch, effort and CPUE for the years 1980-85 and estimated MSY, effort
(f msy) and catch per effort (yif) for sharks in trawl (T) and Gill net (G) in different centrss.

——— B R L

CPUE

Name of catch E}fort MSY ' f msy yif Effort to MSY

Centre unit (t) {x 1000} (kg) () {(x 1000y (kg)
Visakapatnam T 13 31 04 14 33 0.4 + 69,
Kakinada T 48 40 1.2 50 44 1.1 + 10%
Madras T 111 32 35 154 656 2.4 +103%
G 438 2 25.6 64 4 171 -+ 9%
Nagapatnam T 19 26 0.8 2 29 0.7 4+ 38%
Cuddalagre G 226 2 165.56 375 2 161.1 + 3%
Tuticorin T 280 40 70 . 379 26 14.6 — 35%
Sakthikulangara T 38 132 0.3 — — — —
Calicut T 8 6 0.8 — — — -
G 31 3 103 — — — -
Bombay Sassoon Dock T 1018 22 45.4 — — — —
G 214 4 £6.9 256 6 41.8 + 57%
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May - July when they move shoreward for
delivering their pups.

Other Skates . Rhonchobatus dieddensis and
Rhinobatus granulatus are commonly fished.
R. dieddensis grows to more than 3 m and
mature at 1.6 m. Females carry full term embryos
in the uterus as well as fully deveioped ova
10-12 c¢m in the ovaries at the sams time. Upto
12 embryos in a litter were recorded at Madras.
Feeds on fishes, prawns, molluscs and poly-
chagte worms. Fishes included apogonids,
juvenile eels, thread fins and fiat heads. Highly
priced among sharks and skates, its fins have
good export value, Rhinobatu, granufatus grows
10 2.6 m in our waters, The smailest Temals
with developed ovary and large ova measured
120 cm.  Mature ova and tull term embryos
exist at the same time inside a faimala suggestag
a quick succession ot ovulation and tertinzation
after birth of young. The maximumn of 14
embryos observed ware equally distributed i
both uter, it has an extended breediny season,
gestation period is about 6 montns. Feeds on
smail crustacean l1ke amphipods, squiia, smail
crabs and prawn.

Rays. Among the rays the species of Dasvatis
dominate the fishery. Besides, other groups of
rays like Aetobatus, Astomylus ahd Rhinoptera
also from an occasional fishery, Dasyatis uanrek
is a large ray the maximumn recorded by the
authors at Madras measured 1.8 m. A predator,
it causes exlensive damag2 to the fishery. Feeds
on a wide variety of fishes and other animals
{Devadoss, 1978). For instance one ray had
consumed about 140 nos. of prawns, fishes,
crabs, Squitla, Thenus squids, gastiopods,
bivalve and jelly fish. D. sephen is another
farge and heavy ray whicn grows to more than
1.6 m. Males mature at 70 cm and females at
80 cm. Development is by ovoviviparity without
any volk-sac placenta, Litter has 2 embryos and
the size at birth is 256 ¢m across disc, The diet
consisting of crustaceans, molluscs and fishes,
Polychaete worms are also prefered (Devadoss,
1978). D. alcockiigrows to moderate size of
around 1.25 m- This ray feeds on polychaetes,
crustaceans, moliuscs and  sea  squirts.
D. imbricatus is the smallest among the sting rays
and is common in our coasts. It is a bottom
feedsr, feeding on small burrowing and buried
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" crustaceans and polychaetes (Devadoss, 1984 a),

It develops both ova and embroys simultansously.
Breading extonds over a period of six months
producing one to two young per litter by
ovoviviparious mode with a size at birth of
75 mm, It grows to 22 - 23 cm and maturity is
determined at 16.0 - 17.0 ¢m for males and 17.0
1o 18.0 cm for females. D. zugei is another
smaller ray which grows to 26.0 10 30.0 ¢m and
is fished along with D. imbricatus by trawl.

Astobatus narinsri: A tropical species of Indo-
Pacific and Atlantic oceans, this ray is fished by
gitl net and trawls, It is capable of making
extensive journeys across the open sea. Generally
known to grow to 6 feet across disc (Waltace
1967) but a female measuring 225 cm was
caught at Madras, The males mature at a fize of
132 em and females at 150 cm across disc
respectievaly. Produce three embryos and the
s1za at birth 1s 2502 mm. The diet consists of
clams, oysters and perna.

Aetomylus nichofif; Indo-Pacific in  distribution,
this ray has the habit of migrating to salt lakes,
estuaries and backwaters. It grows to around
2 m in Madras and upto 3 embryos were recorded
10 a litter and size at birth ranges 230 - 235 mm.
Feeds on crustaceans like Thenus, Acetes other
prawns and crabs, teleostean fishes are also
included. Apogonids, Namipterus and soles,
squids and gastropods formed a considerable
portion of the diet,

Rhinoptara javanica: The spacies forms an
occasional fishery during November to March
on the east coast, Saptemb3r to April on the
west coast.  Often huge shoals of this ray with
a size of 150 cm have b3an exploited in the near
shore region. it is said to make disastrous raids
on the pearl oyster bads in the Gulf of Mannar
batween iNovembar and February whan the
oysters are in full maturity stage (Jamss, 1973).
Females outgrow males and no male is observed
to grow more than 150 ¢m during our observat-
tons, Females grow over 170 c¢cm. Female
around 10 cm are sean carrying embryos. The
size at birth is 30 c¢m.

REMARKS

it is evident from the data gathered and
presented in the text that the west coast ranks
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high in shark production. This abundance has
been correlated with the availability of pelagic
fish stock like, sardines and mackerel during the
period of September - November. Devadoss
(1977) pointed out that pelagic sharks like
C. limbatus ann C. sorrach were actively feeding
on these fast moving pelagic shoals. The
appearance of sharks is very often noted in the
east coast during April-September during which
period mackerel and sardines occurred in plenty
in the commercial catches. 1t is also observed
that the pupping season for sharks of different
species coincides with this, from September on
the east coast. The carnivorous nature of
feeding of the adults is well seen in the life of
young sharks and rays also. An interesting
observation on shark landings is that theugh
sharks were obtained in all the traditional gears
used for fishing, more than 80% of sharks were
contributed by gill nets,

Catch statistics waorked out revaals the
possibility of the existence of a rich ground for
petagic sharks off the coast of HBombay,
Mangalore, Calicut, Cochin and Sakthikulankara,
and for Skates and rays off Visakhapatnam,
Kakinada, Madras, Mandapam and Tuticorin,
So rays and skates of east cost constituted
65.6% of the national resources of elasmo.
branchs. Here also the availability of rays is
closely associated with the variety of demersal
fisheries. Since the rate of reproduction in rays
is exteremely low, maximum caution should be
observed in exploitation. For it is likely that
the rays may not withstand such a bhigh degree
ol exploitation. It is evident that more trawling
etfort had been concentrated in most ot the
centres, as a result the catches declined con-
siderably. So it is suggested that a reduction
eftort is highly essential to maintain the MSY.

it is seen from the figures presented that
sharks fins are one of the contribtitors for foreign
exchange which steadly showed an increase
increase from Rs. 44.3 takhs in 1976 to Rs, 217.9
takhs in 1884, it is also interesting to note that
quantity of fine exported remains more or loss
constant over the years and increase in price is
only due to the increased market value of the fins
and not due to any increase in the quantity,

There is plenty of scope for increasing the
shark fishing in India by an increase in gill net
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operations which is clearly shown from the data
presented from Bombay, Madras and Calicut.
The bottom set gill net used for catching rays in
Tamilnadu and parts of Southern Andhra coast
proved to be effective gear for rays and skates.
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Paper - 24

SCHOOLING BEHAVICUR OF TUNAS IN
LAKSHADWEEP WATERS

Livingston
Central Marine Fisheries Research Institute. Mendspam
Regional Centre, Mandapam Camp

ABSTRACT

The paper describes nine kinds of schooling patterns of the Skipjack tuna (Katsuwonus
pelamis) and the yellowtin tuna (Thunnus eibacares) in the Pole and line (live bait} fishing grounds,
85 identified by the fishermen of Lakshadweep. particuiarly of Minicoy. These are descrnibed hers as
schooting petterns | to IX after giving their local namses and some clue to their identifi-ation from fizhing
boats. The surface or subsurface nature of occurrence of the school. its leaping. feeding and swimming
activity, baiting habit, wvulnerability to the gear, size 0of the school, approximate size and speciss
compasition of the school, and the association of the school with water discolouration, totsam, sea-
birds, predators ete ars described. The paper also describes four different approaches of the tuns pole

and 1Ine (live bait} boat to the different kinds of tuna schools.

INTRODUCTION

Scientific invastigations on the schooling
pattern of tunes would enhance catchability
of different types of tuna schools. In Laksha-
dweep (Latitude 8°N and 13°N and Longitude
- 71°E and 73°E), the Skipjack tuna, Katsuwonus
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pelamis and the vyellowfin tuna, Thurnus
aibacares form about 809 and 69, of the catch
taken by the tuna pole and line (TPL) with
live bait which forms the principal gear operated,
Others like the little tunny (Euthynnus affinis),
frigate tuna (Aux/s thazard), dogtooth tuna
(Gymnosards unicolor), black shark (Eulamia
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malanopters), rainbow runner (Elagates bipin-
nulatus) and the dolphin fish (Coryphaena
hippiurys) form the rest of the TPL catch.
Silas and Pillai {1982) observe the existence
of two kinds of tuna schools, viz., the ‘breezing’
and ‘boiling" schools from the experimenta!
purse seining grounds in the Laccadive sea.
Madan Mchan (1985} observes the existence,
ecology, catch pattern and behaviour of tuna
schools associated with flotsam in the Minicoy
waters, based on his observations on the
landings of tuna during the 1982-83 season.

In the Japanese waters, Van Campen
(1952} describes 15 different kinds of schools
of tuna based on earlier works. Eighteen types
of tuna schools have been recognised by the
Californian tuna flest (Scott 1969). A com-
parative work of the ahove kinds to serve as
a basis for further investigations on the
schooling behaviour of tunas in Lakshadweep
and a practical guide to local TPL (live bait)
fishermen is lacking in literature. Therefore,
the various kinds of tuna schools commonly
being recognized by tha Jacal fisherman
experts in Lakshadweep, aré described for the
first time, with spacial reference to the Skipjack
and vellowfin tunas of Minicoy TPL (live bait)
fishery. Four different kinds of approach of the
TPL (live bait) boat to the identified tuna
schools also are described in this paper, The
present work is based on enquiry with local
tishermen experts and on practical observations
from commercial TPL (live bait) boats. Details
of study area, masterial and method and descri-
ption of the TPL (live bait) boat, the gear
end its technique of operation are given
alroady in Livingston (MS).

SCHOOLING PATTERNS OF TUNA

A tuna school is locally called mas suiin
in the local Afahsl dialect in Mincoy and
Choora kottarmm in Malayalam in the other
Islands. As soon as it is detected, its schooling
pattern is identified by the chief fisherman
before he gives necessary instructions to the
rest of the crew onboard regarding appropriate
action to be taken to catch the school. Nine
major patterns of schooling of tuna sre locally
identified, based mainly on their behaviour
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like swiming activity, feeding frenzy, biting
of hooks, lesping and association with sea-
birds and live bait packs naturally accuring
in the sea.These schooling patterns are describ-
od below briefly, giving the local name in
Maha! in Parantheses,

Pattern | (Madu):- This kind of school consists
of a dense surface pack of tuna of almost
equal size. Fish "are orderly arranged in
soveral layers of vertical thickness: Two to
three wvertical layers of tuna are clearly
visible under water to naked eye ohservation
from the boat. This school moves very close
to surfagce and hence its local nams,
mady. Individual figh of the upper most
layer produces a characteristic track of
tiny uniform waves, each about 5 to 7 cm
high, at sea surface by the flipping action of
the first dorsal fin. The characteristic whitish
streak present in the erect first dorsal fin of
Katsuwonus pelamis, becomas clearly visible
when the fin is in its flipping action at the
air-water interphase. The waves formed by
the inpumerable individuals of the school at
the sea surface, give the sea along the
track of the school, a characteristic rippling
appearance and a black discolouration detrect.
able from about 0.5 to 1 km distance.

The pattern dascribed above may be con-
sidered as the typical one. Due to the

_diagnostic behaviour of 1he school in  exposing
Mo first dorsal fin,

this kind of school is
locally distinguished from other variations of
this kind as Kothari kolla. In a second vari-
ation of this pattern locally distinguished as
thy kolla, the individual tuns shows a character-
istic pinkish tint superimposed especially upon
the stesl-blue dorsal regions of the body, A
third variation is locally distinguished as hudfu
kolfs, in which individual tunas in the school,
intermittently and gently turn their left and
right sides of abdomen upwards. and downwards
in a rhythmic manner while swimming forward
gently. No live bait pack or dense bird flock is -
tound associsted with this flipping school. Stray
number of sea-birds may be found flying over
the school at a level of about 2to 3 m, high
from sea surface, on certain occasions. Typi-
cally it is a slowmoving school of tuna with
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moderate to good appetite for supplied live
bait and with good fisheries prospects. The
second variation of this kind mentioned above,
shows the best response to chumming and
gives the best catches. It is found near or
away from island. Eventhough it occurs
throughout the tuna season from middle of
August to middle of May, it is more frequently
encountered during the beginning quarter of the
tuna season, when the sea is less ¢clam, cold
and turbid. Proper sccess to the school by
the boat and chumming with live baiis are
obligatory for catching this school. At times,
schools take an enormous size, capable of
supporting the entire deily catch of even five to
ten boats at a time. from the same area.

Pattern It (Uma Kolla).- This may be considered
as the rippling school. It is a surface patiern
in which the top most layer of tuna swims
at about 0.6 m below sea surface. To closer
naked eye observation, the rippling school
appears as 8 compact pack of equal sized
tunas of several vertical layers thickness. The
track of this school is characterised by gentle
rippling of the sea surface produced by the
school which often superficially resembles the
rippling caused by gentle breeze on sea surface,
From a distance, the sea surface over the track
of the school appears as a clam area when
compared to the surroundings. This makes it
easier to detect and identify the track of
this school, especially when the seais a little
choppy. Leapings of individual tuna in the
school is rarely met with. it is a slow-moving
school, major part of which remains at subsur -
face depths invisible to naked eye. Tunas rise
to sutfece only when chumming with live bait
staits. Therefore, chumming with live bait is
a must to catch this school. No natural live.
bait pack or dense sea-bird flock is found
associated with this chool which is moving
constantly towards any one direction in good
appetite, It is frequently encountered near the
Island. It ensures & good fisheries prospects
especially during the postmonsgon months.

Pattern Il (Bandedhu furung). The sea surface
along the track of the school gives a sandy
whitish discoiouration detectable as a patch of
whitigh area from a distance of about .5 km.
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itis a slow-moving sub-surface school, often
occurring below visible depth levels. However
the school as a whole, appears as a submerged
whitish object As the school rises upto visible
levels under water, individual fish are found to
swim with their ventral side iurned upwards
and hence ita local name. The school is a
unispecific seggregation of oceanic skipjack;
the individual fish are uniformly large in size,
in advanced stage of maturity, and in good
condition (faity appearance}. No natural live-
bait pack or sea-bird flock is found associated
with this tuna school. This tuna school shows
relatively poor appetite and hance poor response
to chumming with live-bait. The fishary pros=
pacts are less predictable. Sometimes, some
individual fish at any one part of the school
come 1o their erect and normal swimming
posture when live bait is supplied and this
tesuits in a good tuna fishery. At other times,
the school does not come tonormal swimming
posture and it does not rise to surface to bite
the hooks even after it is chummed with lavish
quantitites of live bait, or distrubed with trolling
lines with baited or lured hooks. Commonly
found in the more oceanic realm, this schooling
pattern is frequent in occurrence towards the
end of the tuna season from April onwards
when the surface water becomes warmet.

Paitarn IV (Emmus hummelufi}. This schooling
pattern is characterised by very sparse and
highly infrequent or stray number of leaping
of tunas in ones and twos and hence its local
nama. The skipjack tuna and the bigeye tuna,
living at invisible depths, leaps at surface once
in halt an hour to one or two hours: interval,
trom widely scattered points in the sea susfacs,
The approximate size or direction of movement
of the schoal is not detectabie with any amount
of accuracy. Sea.birds proper are absent in
the tuna grounds, except isolated individuals
of the relatively near-shore sea-bird, Starna
beangalansis straying solitarily in the vicinities.
Tuna schools, are found mostly in the near-
slope waters around the Island where predators
like the wahoo and sail fish sbound. Tunas
rising to surface do not stay iong at surface to
support a good fishery due to fear of the above
mentioned pradators. Such a frightened tuna
school is the only one commonly available for
fishing during middle of August to middle ol
Qctober, in which season the near-shore tuna
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waters remaining turbid and cold are usually
exploited. Hesponse to the chum though good,
biting of hook being rathsr poor, the trolling
line is also used to take a mixed fishery con-
sisting of a few tunas and their predatory
games,

Pattarn V (Hummelafi}. When compared to the
previous case of subsurface school, in this
schooling pattern, leaping of individual tuna in

gangs of a few numbers can be sighted, more.

frequently, here and there in the vast fishing
ground which in this case is situated relatively
more seaward. Qceanic species of ssa-birds
like Anos stolidus, Sterns snaethetus and S.
hirundo are found in patchy hovering flight,
somewhat above sea surface and they aggregate
at random into small flocks diving to points of
sea surface where the leapings of tuna abound.
Yellowfin tuna as well as Big eye tuna of 8 to
10 kg individual weight which are too heavy
for the pole and line gear to lift, abounds in the
schoof. Occasionally, enoromously large
schools of these species with fish of 30 to 60kg
individual weight, show leaping amuck and at
random over a vast area of gea surface studding
it with innumerable whitish splashes. Biting
of the chum and biting of hooks, in general are
poor; however a moderate fishery may be
obtained on certain days from waters nearer
the insular slope during dusk hours in which
biting of the chum and biting of hooks are
batter. Several boats return to port with nil or
very poor calches. This is the most commonly
found schooling pattern during spells of moder-
ate and poor tuna catch, intervening spells of
good catch, within the fair tuna season from
middle of August to middle of May.

Pattern VI (Adige or Adi hodu) This pattern of
schooling is found at subsurface depths around
2m from where individual skipjack tuna of
about 40.60 cm total length appears to naked
eye observation from onboard, as tiny tots of
moving objects just 10 to 16 cm long.  Flocks
“of sea-birds in soaring flight at higher levels in
the sky are found associated with this kind of
tuna school. The bird fiock dives to sea
surface whenever the tuna school rises to
surface in search of prey. Only when the tuna
boat plies over the track of the tuna school,
fish of the main school moving at subsurface
depths become visible to naked eye, Leaping
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of only stray number of tunas is found. No
natural live-bait pack is found at the sea
surfacs. Itis a slow moving school ‘tending
to rise to nearer surface when chumming starts,
A good fishery is possible only for about 10 to
15 minutes on any single schoaol of this pattern,
the appetite and feeding frenzy of tuna and the
biting rate reducing afterwards. Therefore, a
good fishery prospect is only a matter of
chance. This kind of school alse occurs
throughout the tuna season at different spells
with poor to moderate tuna catch.

In a variation of this schooling pattern
which is locally distinguished as dhuvva mas
auiin, the tuna school at the subsurface depth
level of about 1 m, are found progressing at
high speed. The school is often quite extensive.
No fish leaps ovet water. Only by a lavish
supply of live bait in chumming operations,
this tuna school can be made to follow the
tuna boat, in a sustained manner, Good fishery
prospects are uncertain. This paitern of schooi-
ing is mat with from March onwards, during
speils of uncertain tuna catch in which the
local seasonal drifts become weak.

Pattarn Vii (Badithala). Itis a pattering school
in feeding activity. Tunas in innumerable
nuimbers are distributed rather in a2 |loose manner
over a vast area of the sea in which are distri-
buted ball-like aggregations of natural iive-baits
packs, here and there to get scattered as prey
for tuna. Tuna swim batween neighbouring live-
bait packs in haste to form small aggregations.
Scores of leapings of individual tunas and the
resultant whitish water splashes, can be found
within a short whila, from any direction in the
schooling area. Sea-birds are also found hover-
ing in more abundance here than in any other
pattern of schooling and they are actively
diving frequently at closer points white flying
from ons to another live-bait pack, Birds
produce a chracteristic chirping noise and they
do not rise above a height of a few meters from
the sea surface. A noice similar to that of
faliing rain drops, is characteristic in the area.
There baing plenty of natural prey at the sea
surface itself, response of tuna to chumming
with live balt from onboard is rather poor. The
biting of hooks and fishery prospects are
moderate. This schooling pattern is observed
espacially in the beginning of the tuna season
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proper, ie around mid-November, when the sea
becomaes very calm, warm and cfear and enor-
mous quantities of drifting natural live-bait
packs bacome available in the oceanic tuna
grounds.

The only interesting variation of this pattern
is described bslow. The fesding activity is
maximum around each naturally occurring lives-
bait pack when the aggregation of tuna around
the pack becomas large. The black shark,
(with its mouth wide open for prey In certain
schools) is commonly found circumventing the
live-bait pack, along with tha skipjack tuna
and the yellowfin tuna which bounce upon tha
scattered Jive baits very vigorously. Other
predatory specias such as the rainbow runner,
little tunny, freigate tuna and dolphin-tish. are
also present in the feeding assemblage. Tuna
of smal! and medium size groups mix in this
feading ground. The predators, in general do
not-dare to swim over the individual live-bait
pack; but they swim around it. waiting for a
chance to feed upon any few small fish which
may get scattered away from the main pack.
The sea birds with a characteristic chirp, dive
vigorously and very frequently around the live-
bait pack, forming cluster-like densest feeding
aggregation around each individual pack.
Bird-flocks in the air overcast the area
considerably. No chumming propsr with live
bait is required to catch tuna of this schooling
pattern. The school is very slow moving as
the live-bait packs are to be carried away only
by the water drift which is often siow during
this season. Tuna exhibit good appetite and
take hooks vigorously giving a good fishery
only if there is no disturbance from larger
predators which may abound in more number
around some live-bait packs. This actively
feeding and slow maving tuna schooi of
relatively large aggregations is distinguishad
from the typical hastly main school of confused
small aggregations scatigied over a large area
as happa mass auiin by local fishermen.

Saiifish and marlin are the common

predators which are chasing tunas of this
" actively feeding school, The speedier plight of
the tuna school is & sure indication of these
predators chasing the tuna school. Tunas often
come very closer to the stern and quarters of
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the boat to hide and these predators furiously
dash their beak against the hull of the boat st
times. Ocassionally, tunas approaching the
rudder blades get cut into pieces and tloat at
the wake of the boat. Stray leaping of
individual tuna to heights of a few meters in
air is found when the tuna school gets frighten-
ed by the above mentioned predators. The
shadow of the leaping tish is followed under-
water by the predator which catch the prey.

Individual tuna being pierced, liftad up and

tossed in air at the tip of the beak by the sail
tish also is found at times. Tuna when scared
by the predator swim hastily to escaps. Biting
of hooks becomes poor due to the urge tor
escape from the predator. Such a scared tuna
school takes & zig-zigr oute, swimming spasdily,
making it difficult for the boat to follow the
school. The tuna school associated with the
biack shark in feading on the natural live-bait
pack are calm with no fear for the shark and
with no fright in fishing them.

Dead specimens of large yellowtin tuna in
stray numbers, have bsen taken in fresh or
semi-spilt condition from the natural live bait
packs in the sea by local fishermen at Minicoy.
Such natural mortalities seem to be dus to
accidential swimming aover of the predator on
the compactly arranged live-bait pack which is
often several scores of fish thick vertically.

Pattarn VIl (Ethikendu). This is a tuna school
associated with flotsam. In this pattern of
schooling. generally, tunas of small size (0.6
to 1.0 kg) are found to form large aggregations
around floating objects. such as logs and
timber and a variaty of other salvages like
coconut-and other Palm {eaves, pieces of
rubber, pilastic, synthatic nets selc. The
submerged surface of the ftloating object, is
found with colonies of Lopas. Polychate worms
ate also found in crevices of the timbei. An
assemblaga of smail figshas such as the young
ones of rainbow runner, dolphin fish, tha dotted
leather jacket etc. are found associated with
the figating object. Thess in turn are surrounded
by a dense aggregation of different species of

“tunas and the black shark which appear to feed

on these small fishes when the prey get
scattered from the main aggregation. The
entire assemblage is moving slowly aleng the
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drift together with the floating object. Accor-
ding to the pasition of the Sun, the entire
assemblage of fishes including tunas. orients
itself and concentrates towards the leeside of
the floating object where its shadow falls.
Tunas of the assemblage become sparsely
distributed and spread loossly around the
floating object when the individual fish move
away-for feeding. But whenever any disturbance
or fear from enemies comes the entire assem-
blage once again becomes densely aggregated
below the floating object. Tuna being found
along the peripheral zone of the assemblage-
individual fish appear rather lean and poorin
condition, as if they are underfed due to over
crowding. Among tunas. the Skipjack tuna
and the yeilowfin tuna predominate in the
assemblage with little quantities of the other
tunas. The skipjack tuna abound in some parts
of the assemblage whiie the vyellowfin tuna
predominates in some other part of the same
assemblage of fish, associated with the tiotsam.

Sea-birds only in stray numbers may be
found perching or hovering over the floating
object. When present, Sea-birds are found to
take a slow hovering flight from side to side
within a limited areas and they may dive 10
Sea-surface perriodically. They are found at
a very lower level closer to sea surface.
Chumming with live-bait is often not necessary.
A few leapings of tuna with whitish splashes
of water may be present. The fishery prospects,
in general are very promising; often each tuna
school is so large and rich that it supports
the catches of two to three boats full of tuna
simultaneously. Unlike form any other schooling
pattern, considerable numbers of  the
species of fish other than the oceanic skipjack
and the yellowfin tuna, also are caught. Tunas
are locally reported to from much large
aggregations around the coast-going sailing
crafts also. Such dense accumulations of tunas
below the vessel is considered to be help-
ful in the navigation of the wvessel by the
contribution of the dense schoel in increasing
the calmness of the waters around the vessel
in plight.

A variation of this typical schooling pattern
Jis distinguished locally as o/ valung. In this
the floating object is missing as a primary or
secondary condition; fishermen themselves
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~is sighted at a distance, the boat

remove the floating objects such as logs of
timber and coconut leaves etc towards the
end of the day’s fishing Timber obtained from
this source is removed for industrial purpose
also. The remainder school of tuna now
devoid of any floating object to depend on,
readily moves along the curent boundaries
whaere the flotsam existed. This school follows
the boat itself, once the boat plies into the
area. A handsome tuna fishery is expected
from such a school of tuna which is easily
identificable in frontal zone locally called o
dhandi. Presence of salvaged floating objects
it any, behaviour of stray sea-birds and leaping

‘tuna in the same manner as described above,

help in dstecting this schooi of tuna. Tuna
teken from the school associated to flotsam
are elways lean in appearance, small in size
and are eager to feed with almost empty
stomachs. Therefore, experienced local fisherman
are capable of detecting the presence of this
school of tuna, even from a single fish taken
by the trolling line which is used as atest
line in places where the floating object is not
visible primarily or it is removed by other
fishermen already. This kind of tuna school
is caught intermittently throughout the fair tuna
saason,

Patter 1X (Bodu-mas mas auiin). This
kind of school is associated with the black
whale and hence its local name. The skipjack
tuna is the species reported locally to follow
the whale which appears to the observer as
ablack rock in the sea surface. This kind of
school is not caught, As soon as the whale
changes its
course to avoid the whale-associated tuna
school owing to fear oi the local fishermen for
the whale which according to them may cause
the boat to capsize. This kind of tuna school
is met with in the summer months off the wast
coast of Minicoy.

APPROACHING A TUNA SCHOOL
BY THE BOAT

Correct approach of the boat to a tuna
school is @ must in successful TPL (live bait)
fishing. Once a tuna school is scouted and

the schooling pattern identified, the correct
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course of the boat in relation to the tuna
school is achieved by correct spproach tactics
of maneuvering the boat. A wrong approach
of the boat to any tuna school rasults in the

abrupt dissppearance or rapid scaring away of

the tuna school., For a coirect access with
regard to a tuna school of any of the above
described schooling patterns, the  chief
fisherman at the steers fixes the loading-or
head end of the tuna school as his main
target of observation throughout the period
of fishing from that school. The direction
and speed of plight of the boat are adjusted
according to the speed and direction of move-
ment of the head of the school oniy. For
scouting the leading end of the school initi-
ally and then pursuing it up continuously,
one or more of the surface observations such
as (1) the direct visual scouting on moving
individual tunas at the head of the school,
(2) leapings and splashing of tunas ahead
of the boat, (3) speed and direction of general
flight and diving position of sea-birds, come to
the aid of the chief fisherman.

Courses of approach. The “general course of
approach of the tuna boat to a particular
identified tuna schoo! may be described con-
veniently under the four kinds  v/z,, (a) Lateral
approach (b) Central approach (c) Peripheral
approach and (d) criss-cross approach.

(a) Latera! approach: This is a straight line
approach of the tuna boat to a tuna shoal along
the side of the school. This method of approach
is generalily applicable to a tuna school which
may pick up excessively high spead at any
moment. Fast moving school under schooling
patterns | to VI are aften approachad by this
methaod. Here, the tuna school often being in
relatively moderate or less appelite, abrupt entry
of the boat over tha school, often results in
either the abrupt sinking and disappearance of
the school or in its picking up of so enormous
a speed that the boat with even all its capacity
is not able to cope up with; the school taking
an undesirable swimming position aiways in
tront of the boat and not abaft it (which
lattern condition is 2 must for chumming the
school to the Pole and line gear).

The approach along side may bs effected
in five different ways as shown in Fig. 1 (a) to
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- each boat to go nearer the school.

{e), depending upon the initial direction of the
course of the boat when the tuna school is just
encountered, However, the methad as shown
in Fig (8) is mostly preferred to other mathods
because it gives more chumming . feasibility
with regard to the port side guarters of the
tishing platierm where are found tha most able
ctew from among those who operaie the pole
and line gear (leading fishermen).

Whenever, two . or more boats aim at
approaching the same tuna school so as to gst

"their fishing access into the same school, as a

general convention, the priority in the time of
approach is considered as a matter of right of
The first
boat approaches the tuna school by adopting
any one of the five courses shown in Fig (a)
to (e), and each subsequent boat according to
its order of priority takes its rear positions
alternatingly either to 1he right or left of its
predecessor boat which is fishing - just in front
(Fig- ). None of the subsequent boats is
supposed to overtake its predecessor boat
while fishing from the same tuna school.  Any
serious violence of this conventional practice
is a punishable crime amongst the local
fishermen brotherhood. This practice comes
from the fact that whenever a boat is overtaken
hurriedly by another boat, due to the distur-
bance in water caused by the latter boat, the
school bsing chummed by the former boat gets
distracted or disappers altogether. :

(b) Central approgch.- This is a straight line
approach of the tuna baat to a particuiar tuna
chool, in which the boai pites over the centte
of the school, as shown in Fig. ({). This method
is used to get an uncertain access into a glow
moving suiface or subsurface tuna schooi
which exhibiis peor appstite undar schooling.
patterns 11I-VII. Initially (especially whsn no..
t'na has been c_éught for the day}, special care,
is taken to see thal the boat does not overtake
the school last it disappears abruptly. However,
in a situation in which tuna do not take the
chum even after repeated chumming with live-

bait, the boat plies over the school with
minimum c¢are about _tha sinking of the school,
yel with some hope of improvamant in the

appstite and chumming response of tuna. In
the typical schooling pattern VI, in which
numerous confused schools of small sized
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aggregations of tunas occur over a large area
of the fishing ground, the boat plies over in-
dividual tuna schools in a straight line, one
after another (Fig. g).

inan encountering situation as depicted
in Fig. h in which the tuna schoo! and the boat
are moving in opposite directions, extrems care
is taken to keop a safe distance between the
boat and the school, until the boat begins to
approach the school from behind as Indicated
by ths long and thin arrowd in the figure. The
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short and thin amow in the same figure shows
another alternative and safe method of appro-
ach in the same kind of encountering situation
of the school; here the direction of plight of
the boat is turned to about 180° as soon as the
school moving in the opposite direction is
sighted at the farthest distance which permits
the identification of the school. This turning
of the boat should be made before the school
is disturbed by the wake or by the physical
presence (shade) of the boat, lest the school
disappears.
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it is a circular line
identified

{c) Periphersl Approach.-
approach of the tuns boat to an
tuna school, by the boat plying repeatedly
around the periphery of the school (fig 1),
This method is applicable to schooling pattern
VIl and to varieties of actively feeding larger
aggregations under schooling pattern 1 (hudhu
kolls). The orientation of the school to sun-
light is taken into account in this method
of approach, especially if the objectis fairly
large in size. As better concentration of the
fish is found at the shady side of the floating
object, the boat plies around the object in
such a way that the object is maintainad more
towards the sunward periphery of 1he circle
of plight. The fish ossociated with the floating
object are swimming rather loosely in search
of food.. in the vicinities of the floating object
and they form dense accumutlation around the
flosting object as soon as the boat comes
nesrer. Therefore, initially the boat makes a
wider circle around the entire loose aggregation
of fish associsted with the floating object and
then gradually reduces the radius of the circle
of plight as the fish forms a thick aggregation
around the floating object., The floating object
is seldom disturbed or removed until the boat
ie loaded to capacity with tuna caught from
the school. Whenever, two more boats are tishing
from the same school, it is always the first
boat that plies along the inner circle and no
subsequent boat is supposed to come still
closer to the school without the permission
from of the chief fisherman of the first boat;
such a permission being given often only when
the first boat is packed to capacity with tunas
taken from the school.

(d) Criss-cross Approsch:- In this method of
spproach, the boat plies over the identified
tuna school repeatedly along a semicircule,
path placed one over the other In a rather
criss.tross manner (Fig. j). It is used to slow
moving varieties of tuna school of good appetite
under schooling patterns 1 (rAy Kolla) and VIII
(happa mas suiin). Here, the feeding frency
of the tuna school is aggrevated by scattering
the school wich is otherwise compact. The
live bait packs (around which tunas accumulate
for feeading), also are shattered and the live
baits in the pack are scattered into fractions
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of a few individuals by the repeated criss-
cross plight of the boat over the schools of
tunas and live balts.

DISCUSSION

The present investigation reveals for the
first time that there are 14 different kinds of
tuna schools coming under nine major schoaling
patterns in the Minicoy waters., Qut of these
only four kinds of schooling patterns viz.
Pattern I, 11, VIl and VIl are commonly reported
locally from the remaining nine inhabited
islands (Chetlat, Bitra, Agatti, Kiltan, Kadmat,
Ameni, Kavaratti, Androt and Kalpeni) in
Lakshadweep. The first three of these schooling
patterns in order, are locally distinguished as
Kunuth pondathe, Umikindaths and Pathakinds-
the in these Islands. The ‘breezing’ and
‘boiling” school of tuna observed by Silas in
Silas and Pillai (1982) from the Laccadive
sea appear to bethe same as patterns || and Vil
of the present description.

A comparison of the present 14 kinds of
tuna schools of Lakshadweep, with differeng
kinds of tuna schoals reported by Uda (1933).
Van Campen (1952) lominaga (1967) and
Tomyama and Hibiya (1976) from the Japanese
waters and Scott (1969) from the Californian
waters indicates the following interasting facts.
The skipjack tuna schools associated with bait-
bed, sharks and drifting wood and the wunasso-
ciated school, met with in the Japaness waters
appear to be similar to schooling patterns Vil
(badi and Happa), VIl (Ethi-kandu and oi-va-
lung), in order, described hare in Lakshadweep.
Further, the ‘Silver flow’, "Caim ones’ ‘Sednetary
fish’, ‘Jumbers’ and ’'Slespers’ of Japanese
waters resemble Patterns | (Hudhu), I, IV, Vi
and VIl (Hspps) respectively of the present
observation. The Namura and bottom-Namurs
of Japan represent the surtace and sub- surface
tuna in general in Lakshadwasp, irrespective of
the schooling pattern. The surface schogl
types viz. Breozer, Finner, Jumber, Boiler of
foamer, Smoker and Log-school of the Eastern
Pacific resemble Patterns 1l Uma kolls, |
(Kothari}, \V (Emmus Hummelali} \' (Hummelati),
VIl fbadi) and VIII (Happs) of Minicoy waters.
Thus, there s a fundamental similarity in
surface schooling patterns of the Skiplack and
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. the yallowfin tunses in Lakshadweep, Japanese
and Californian waters. However, more pracise
and standard Scientific terminology to denate
tuna schools on an universal bagis is required
in this connection.

However, pattern LIl with Skipjack tuns of
fairly large individual size swimming upside

down, r1esembles very much both the ‘shiner’ -

and the ‘whitebsllies’ in the Californian waters.
This needs further confirmation.  This pattern
has also similarity with the ‘Resting skipjack’
of Japanese waters in which the fish refuse to
take the chum (live-bait) as st Minicoy. The
migrating type of tuna schools resembling
the northbound "ascending Skipjack’, the south-
ward returning ‘descending Skipjack’, the open
ses school of "Rowing Skipjack’ and the
‘adventitious tish’' proper etc., reported from
the Japanese waters are yst to be reported, if
available, in Lakshadweep. The luminescent
night schools reported by Purse seiners in
Californian waters also are to be searched for
in Lakshadwesp. Further, in the eastern
Pacific, Skipjack and Yellowfin tunas are
reported to be associated with mammals like
the Pacitic spotted dolphin (Stenella graftmani),
Spinner Porpoise, §./ongirostris and the common
dolphin Dealphinus delphis |a Minicoy waters,
however, ). delphis could be observed c¢n
soveral occasions in stray numbeis, upto six at
a time near the boat; but no surface tuna
school was found associated with this mammai.
The tuna school in this case may be a sub-
surface association which needs further invast-
gations to develop tuna purse-seining for such
schools. Cetarhinus sp and Rhinsadon sp are
the two comman sharks reported to be associ-
ated with tuna Schools in the Eastern Pacific.
But in Lakshadwesp, Eulamia malenoptera is

the only common species of shark tound
associated with tuna schools.
As quoted by Nakamura (1968) from

Tominaga (1957) it is clear that in the Japanese
waters the skipjack tuna which bite well
maintain an orderly formation, an unvarying
speed and a uniform direction; they create
small, uniformly spaced ripples on the surface
of the sea, and exposs no more than the tip of
their dorsal tins; one or two fish at the head
of the school may jump out of the water; the
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fish are not frightened by an approaching
vesgel. This is found to be true with schooling
Pattern | {Kothari} of Lakshadweep. Further,
according to the above work, poorly biting
schools are: those with a disorderly formation
direction of advance is not fixed, the school
tonds to break into smaller schools, and waves
on the swiface are farge and unevenly spaced;
fish leap near the middle or at the rear of the
schoo!l; and fish sound and reappear repeatedly
when approached by a vessel, This alsois
generatly true with the behaviour of the
Skipjack tuna in Lakshadweep, howsver, wmore
acurate observations are required in this
connection. Air spoting of tuna in the New
Zealand waters revealed the breezers and the
fiashers or shiners of foaming or boiling schoo|
of the Skipjack tuna (York, 1977). These
ressemble schooling Patterns 11 angd Il of the
Lakshadweap waters.

The exact causes for the formation of the
ditferent kinds of schools formed by the
Skipjack tuna and the co-occurring young
yellowfin tuna in Lakshadweep are not
known. After examining the various hypotheses
explaining the causes for the associstion of
tunas with the fioating objects, Madan Mohan
(1985) concludes that this association is
nothing but merely a coincidence and that the
Hoating objects appear to serve only as com-
panions drifting at the same direction with the
tuna school. Howsaver, the piesent onboard
obsarvation indicates that the association of
the medium-sized individuals of the Skipjack
tuna with the drifting floating dead-objects,
waoden sailing vessels, whales and sharks etc,;
is an ecological adapatation for a pelagic mode
of life at tha surface of the Sea where the
waters are refatively of high transparency
for a visual mode of feeding. Observations
from an underwater viewing chamber on tuna
behaviour made in the Hawaiian waters reveals
that when compared to targe individuals (70-
80 cm), medium - sized (45-65cm)  Skipjack
tuna show more frenzied activity, better
formation of feeding schools, and very active
pursuit of the prey with rapid surface dashes
(Stransbury and Yuen 1968). Van Campen
(1952) reveals that the Skipjack tuna in the
Japanese waters do not have very good vision
obliquenly to the rear. Experimental feeding
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under captivity in Hawaii shows that the
Skipjack tuna do nol feed down the botton,
they ailways accept teed from the surface
{Nakamura 1962). The Minicoy fishermen
report that large sized individeals of Skipjack
tuna lose their eye sight during certain spells
ot the year and they can not faed at such times.
All these prove that madium-sized -Skipjack
tuna prefers the surface layers to the sub-
suftace of the suphotic zone for its visua)
teeding. The dritting dead object serves as a
visual mark of identity for tuna to determine
thew feeding range araund the abject. These
drifting objects being accumulated along
frontal zones of abundant tuna forrage, tunas
are taken to better teeding grounds. The
importance of temperature, transparency and
forrage as condiions coangenial for the normal
distribution and commarcial concentration of
tuna is dealt with in Biackburn (1962).

Only maturing Skipjack tuna (stages Il
and i} are found associated with the drifting
objects at Minicoy. It is at these stages in
Iife  history, the feeding activity is more
vigorous. This also indicates that the tuna
aggregate around the drifting object mainly for
feeding purposes., When the fish grow to
maturity stage IV and above, they give up the
tloating object and descend down to form
sub-surface schooling patterns (I1l, 1V, V and
Vi) and come to surface only erratically.
Large individuals also form surface schools as
under schooiing patterns |, |l and VI. The
abundant availability of forrage organisms at
the surface appears to be the main cause for
the formation of these patterns also.

The co-occurrence of the young yellowfin
tuna with the skipjack tuna also appsars to
be an adaptation for the pelagic mode of iife.
The whitish streak present in the errected
first dorsal fin of the Skipjack tuna appears
to attract the other individuals of the same
spacies and of the young yellowfin tuna,
Owing to difference in swimming speed, small
and large individuals cannot copé-up with
medium-sized tuna while swimming, aiming
at the distinct first dorsal-white streak of the
leading fish in front in the school. This may
be the cause for the formation of schools
Consisting of similar sized fish. Brock (1954)
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observes that swimming speed is perhaps the
cause for the size-wise seggregation of
tuna even in mixed schools. Joseph and
Barratt {1963) observes that the Skipjack tuna
is of an erratic and excited behaviour and that
it becomes clam when it co-occurs with the
yellowfin tuna which is of a mere subdued
behaviour, Skipjack tuna becomes more vulner-
able to purse seines when these two species
co-occur in mixed schools. This appears to
be trus with regard to the vulnerability of these
two species to the TPL (live bait) gear at
Minicoy also,

With regard to vulnerability of the different
kinds of the tuna school to the Skipjack TPL
(live bait) gear, it is clear that the surface
schools in general (Patterns I, I}, VI, VI
and |X) show a relatively good fishery prospects,
The vulnerabiiity of the surface school associated

- with  whale (Pattern Xi) could not be observed

bscause this school is not being fished at
present. Biting of the hook and of the chum,
in  general is  relatively good  with
regard to schooling patterns in the surface
(Patterns I, I, VIl and VIIl}. These schools
show relatively good appetite and feeding
frency in comprison to those of the sub-surface
layers (Patterns, Il IV and V), There iscon-
siderable economy in live-bait with regard to
surface schooling patterns. Considerable part
of the Japanese catch is reported to come
from Log-Schools ressembling pattern VI,

Therefore, it is advisabie to use al.ernative
type of fishing gear such as the Tuna Purse
sgine, Tuna long line and TPL (live bait)
with the two-poles, threa-poles etc tadm gear
to catch the sub-surface schooling patterns
(I, IV, Vv and VI) in these waters where
at present these schools are being exploited
only at avery nominal level, Tuna purse seine
provided with special safety measures for the
release of whales, may be used for catching
surface pattern iX, associated with whales
which now remains virtually untapped. The
schools of the yellowfin tuna and the hig-tuna
of individual fish weighing 8-10 kg. coming
under schooling pattern V are at present a
menace to the Skipjack TPL (live bait) gear,
because of large scale breaking and loss of poles,
as it is commonly found at spells of occurrence
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of these heavier tuna which are too heavy
to be lifted by the presently used bamboog
Poles. Only a very negligible fringe of this
particular resource is being exploited at present
by means of the trollingline (auxiliary fishing)
gear operated from TPL (live bait) boats in
these lslands.

The school of large yellowfin and Big eve
junas with individual fish weighing 30-60kg
(Vide Pattern V), represent the best part of
our exploitable tuna resources which at present
is undergoing the most collossal waste owing
to regsettable underfishing. Eventhough snor.
mously extensive surface schools of such
monstrous fish are detectable at certain spells
from the surface leapings and surface dashings
of individals of voluminous giants at closer
intervals in time and space, no exploitation
is being made at present owing to lack of
suitable tishing gear, Howeaver, ons or two
stray specimens are being taken by the hand
line, trollingline or shark long line, in different
[slands to attract a large crowd cof spectators
to have a look at these monstrous games.
Catching these stocks as early as possible
is a must, because these appear fairly aged
and hence more vulnerable to natural mortality
and these may migrate bayond our Exclu-
sive Economic Zone to support fisheries to
other nations which are liable to compste
with us in tuna fishing and trade. Tunsa purse
seine, Trolling lines (operated with the help
of special boats with booms) and TPL (live
bait) with three-men, four-men etc. team gear
may be used to catch these stocks from the
surface. Tuna long line meant specially for
yellowfin tuna and that adapted for catching
the Big eye tuna can be used to exploit
these resources from depths. The bsehaviour
of these stocks imbalancing and capasizing
the country crafts operating hand lines in the
deep waters lying between Ameni and Kadmat
s locally reported.

It is interasting to note in this connection

that high hooking rate leading to commercial
feasibility of longlining vellowfin tuna of
30.0 31.8 kg average weight is reported from
off Karnataka, Lakshadweep and Waest of
Lakshadweep and Maldives in fishing areas,
14-72, 13-73, 12-70 and 1-69, during the
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September- January season. Bigeye tuna also
recorded high hooking rate in the Equatorian
Indian Ocean south-west of Lakshadweep and
Maldives, in areas 3.77, 5.68 and 7-91
{Varghese ot o/, 1984; Joseph, 1984 and 1986;
Sulochanan et &/, 1986 and Swaminath et 8/,
1986): High Values of Yellowfin tuna hooking
rates comparable to those of Japan, Taiwan
and Korea is reported tor the Bassesde Pedro
Bank areas 12-73, 13.-72, 14-7) and 14-72
during the January-March Season with northerly
migration of tunas from October to March and
the possible acting of this Bank as a FAD with
its immense availability of tuna forrage, mostly.
squids and cuttle fish, also is reported recent
by (Sivasubramaniam, 1985; Swaminath et &/,
1986 and Sivaprakasam and Patil, 1987).

With regards to econcimic utility of tuna
taken from the different schooling patterns,
it is clear that the tuna caught from pattérn
vill rejected by the local canning factory at
Minicoy owing to the uneconomic small indi-
vidual size of tuna. Howsever, this catch is
preferred to tuna taken from other kinds of
schools, by the local people of Minicoy, for
producing mas-min a local product comparable
to Katsubushi of Japan. The soft-tissue of
this tuna gives more pliability to the product
which is considered superior in quality to that
produced from large individuals. The yellowfin
tuna in general is lass prefered to Skipjack
tuna for making mas-min owing to higher
loss in weight of the former during processing
and drying. But both these fetch the same
price in the canning factory in fresh condition.
Therefore, mixed schools of Skipjack tuna and
yellowfin tuna are fished preferencially ftor
skipiack tuna, if the catch is meant for mas-
min making. Catches taken from the erratic
sub-surface schools which delay the return
trip of boats owing to the greater loss of time
spent in fishing, get rejected in considerable
numbers (about 30%, of the catch) by the canning
factory.- This is because, as the time lag
between retrieval and landing of the fish
increases, fish which get injured due to heavy
fall onboard from the gear, get gradually
deteriorated before it reaches the canning
factory. The rejectad part of the catch thus
goes for meaking it into mas-min. In this
connection also, it is batter to use alternative
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fishing gear to catch the sub-surface schools
Patterns 1ll-v). The catches taken from the
surface schools, on the other hand are obtained
st a relatively short time durstion and hence
keeps quality. More than one trip also becomes
possible at certain spells from these schools
thus making fishing more lucrative; time loss
in searching for schools beimg the minimum.

The four different methods of epproach of
the boat to the identified tuna schools, descri-
bed in the present paper are of considerable
value for commercial fishermen to remove their
doubts and superstitious fear regarding the
reported bad effect caused by the toot of the
engine or mechanised TPL (live bait) boats on
tuna schools in Lakshadwesp waters. According
to some fishermen at Minicoy, the tuna schools
in general. approach the sailing traditional
tuna boat (mas-odi) more readily and sustain
behind this boat for a longer duratian to support
better tuna catch than it is in the case with
the meceanised fishing boats. The bad effect
of the noise produced by the engine under

poor maintenance in fishing boat also is
reported from elsewhere by researchers. Such
studies are required for Lakshadwesep. In this

connection, the present observation on the
correct method of approach to be followed
with regard to different kinds of tuna schools
is of special vaiue, hoth for commercial fisher-
men and for researchers,

According to Ben Yami (1980) several factors
such as the wind direction, sea condition,
tuna school behaviour and direction of school
movement, swimming speed of the prey (live
bait) species, and the position of the fishing
vassel are to be tken into account for approaching
a tuna school correctly by the boat. The
methed of ‘Peripheral approach’ described here
for schooling pattern VIIi agrees with the
normal method suggested by the above author
far approaching the tuna school around floating
objects. The present ‘Lateral approach’ also
agrees with the above authors ‘correct’ method
of approach illustrated in fig. 116 in Ben Yami
{(1980). The ‘wrong’ method of approach
illustrated in the above figure by the above
author also is found to be correct for approaching
the school under certain situations as under
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schooling PatternVil (vide Central
described in the present work,

approach)

The traditional knowledgs regarding the
identification of the various schooling patterns
of tuna and the correct approach of the TPL
(live bait) boat to the identified individual
tuna school, reamains to be the valuablie 1rade
secret of only a handful of chief tishermen of
the Isiand of Minicoy where only the Skipjack
TPL (live bait) fishing technique exists since
the long traditicnal past. These chief fishsrmen
hatl mostly from the Thakrufan and Thekru sub-
castes. Majority of the common fishermen in
Minicoy and in the remaining Islands do not
possess this valuable traditional knowledge.
Since the introduction of mechanized fishing
boats in all these islands and the extension of
the skipjack TPL (live bail) fishing technique
from Minicoy in the remaining Islands since
1962, thess is a great demand for skilled tuna
fishermen in all the Isiands. Since recent years,
many youths belong to the nan-traditional
tuna-fishermen sub-castes like Manickfan anp
Raveri in Minicoy and Koya, Malmi and Mels-
cheri in the remaining Islands, have taken to
TPL (live bait) fishing. These new ganerations
of fishermen are ignorant of the schooling
patterns of tuna and the correct approach of
the boat to the school. Therefore, there is
urgent need 10 impart proper training to the
focal fishermen in all these Islands, on ihe
identification of the tuna schools and the
correct methods of approach of the boat to
identified tuna schools, as part of the local
fishermen training programme on Skipjack TPL
(live bait) fishing technique.

Some modern llnes of research on the
schooling behaviour of the skipjack tuna are
given below In an interesting review of fisld
observations on luna behaviour such as
feeding, schooling. sounding in relation to the
thermocline, associations with other organisms
and objects, swimming speeds, attraction to
surface disturbances and repulsion by sound
and light with reference to Pole and line,
trolling, longline, and Purge saining fisheries
for tuna is made by Nakamura (1969} in Ben-
Tuvia and Dickson {1969). Lines of work such
as: (1) Experimental feading of schools of the
Yellowfin tuna and the Skipjack tuna with non-
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traditional live-baits {say for 6. g, with ma-
ckerel and Sardine), artificial lures, and
chopped cabbage, as done in the Eastern
Pacitic (Stransburg and Yuen, 1959), Japan
{(Van Campen, 1952) and in New Guinea (as
quoted by Nakamura, 1969); (2) Experimental
studies on the elfect of water sprays on the
response of the skipjack tuna as done in the
Hawaiian waters (Yuen, 1959); (3) measure-
ment of swimming speeds of the Yeliowfin tuna
and the Skipjack tuna as done by Yuen (1959)
in Hawalian waters; (4) studies on the swimm-
ing characteristics of tuna under different
depth-levels and migration in different current
zonas, as done in the Japaness waters
and (5) sounding behaviour of tuna in relation
to the thermocline as reviewed in Nakamura
(1969) would be interesting. Medium and
large-type Pole and line {live baii) vessels in
whose bait well skipjack tuna and the
yellowfin tuna can be confined for observation
{Joseph and Barret, 1962} is the immediats
requirernent to start such studies. Additional
facilities such as viewing chambers attached
to or buiit into a research Vessel (Stransburg
and Yuen, 1960), raft to survey ecological and
behavioural interactions of tunas and other
species of fishes which are attracted by drifting
objects in the open occean, as used in the
Equtorial Pacific {Gocding, 1965), Portable
fish tank used for transporting tuna. from Pole
and line fishing ground in the Sea to a pool an
shore as used in Hawaii (Nakamura 1962),
small two-man submarine (quoted in Nakamura
{1969), large on-shore tanks for keeping tuna
under. captivity (Magnuson, (1963) etc, are
to be added gradually,

Some more fines of investigations on tuna
and live bait schooling behaviour required for
improving the Lakshadweep tuna fisheries
include: (1) Searching for bait-fish packs
{'meat ball's) of pattern VIl as indicators of
tuna schools feeding on them and catching
this bait-fish stock using modern nets like
lampara and small purse seine for utillzation
in TPL (live bait) fishing; (2) aerialspotting of
live baits and tuna schools; {3) use of
accoustic gear like the Sonar to detect Sub-
surface pslagic fish schools in open Qcean
fishing where reflections from the Sea bed do
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not overshiydow the fish echoes, and Echo
sounders to pick up echoes from bait-fish
schools (directly baneath the boat) on which
tuna feeds; (4) detection and attraction of tuna
schoos from sounds made by tuna and associ-
ated animals; (5) spotting tuna and live-bait
schools from onboard crow’s nest raised above
deck fevel; (6)” detecting tuna schools using
temperature-Recorders like Mercury thermo-
meters and Probe thermometers (Roberts et a/.,
1972) and (7) investigating with long lines
the different depth levels in which different

species of tuna form schools in fishable
concentrations.
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PRESENT STATUS OF OIL. SARDINE FISHERY AT KARWAR

G. G. Annigeri
Contral Marine Fisharigs Rassarch instituts, Karwar Research Centre, Karwar

ABSTRACT

The average snnual yisld of traditione) gears (Rampan end Yendi) trom 1387 through 1982 for
16 years is 148.4 t. Consequent to introduction of purse seiners from 1978, the average catch fou
the 10 year pariod from 1978 through 1985 for oil eardine Incressed to 2273t at Karwar showing
nesrly 15,5 times more vield than the former petiod. This paper discusses whethsr this new development
is 8 boon to the fishery or whethar it hae an adverss impact on the fishing stocks. For this purpose.
the avarage standing crop end ave:age anpual stock of oil sardine in the Ffishing grounds for a year
were sstimated. An astimate on yield.per-recruit and the maximum sustsinable yisld (MSY) for varying
fishing intensities and instantanesous natural mortalities was mads to understand the extent ot fishing
stress on the resource. A clossr scrutiny of 8il indla cetch data of oil sardine and mackere! from 1976 to
198C¢ whan 36 to 400 numbers of purse seiners wers introduced respectivety, showed that the
premechanisation perigd (1970-75) sccounted for better annual aversge catch than the purse seine
ora (1976-1980) w3 th® catch per day per purse ssine declined. The optimum leval of exploitation and
the edverse effects on the stocks if they msre indisoriminstely exploited without preper planning are
diccussed in the paper,

INTRODUCTION of India. For better undarstanding and planning
future research, the extent the resource
Oil sardine forms one of the important  exploited, endurance of its increased exploil-

components of the marine fishery resources  ation in proportion to increased number of
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mechanised vessels are the mile stonses in
assessing stress on the fishery There is need
to study these aspects for oil sardine fishery
which is exploited by purse seiners at Karwar,
on the West Coast of India. It would be
hughly essential to detsrmine the magnitude
of the populations, whether the rate harvested
is small or large, whether any conservation
measures are required if the rate of harvest is
above that of the maxium sustainable yield
The

{MSY). exploitation rate (U) was
calcuiated by dernving Z .(instantanegus total
moritality rate} by Beverton and Holt (1956)

method, length converied catch curve method
and age composition method. As the oil
sardine is shori lived speciss, lite span appears
to be 3-4 years. On the assumption that 99%
tish do not survive beyond this age (t max)
the M (naturali mortaiity) on the annual basis is
1.0172, The Mtor oil sardine, derived from
age composition study ot 1.0442 does not
geviate much from the above method. Studies
on yield-per-recruit for three levels, 1.5, 1.0
and 0.5 of natural montalities (M) during the
exploitation phase of the fishery indicate
maximum vields of 21 gm, 28 gm and 44 gm
at the fishing mortality rates of 3.7, 2.1 and
0.9 respectively. Studies on annual and
standing stocks were made and they are
presented in the accompanying tabies balow.

INVESTIGATIONS ON THE RESQURCES
OF OiL SARDINE CATCH TRENDS AND

EFFECT OF MECHANISATION ON
TRADITIONAL GEARS

Intraduction of purse seiners on commercial
basis in the mid seveniies has increased th?
marine fish catches to the tune of 63% over
the average catch of 1.03 lakh tonnes {mostly
by the indigenous gears) of past decade in
Karnataka. In indigenous gears the catch of
oil sardine at Karwar ranged from 0,08 tin
1983 to 650 t in 1968. The catch showed
the main peak of 650 tin 1968, with minor
peaks of lesser intensities in 1970 (1b31),
1972 (186 t), 1976 (3691), 1978 (2671t} with
lean years. in between these, ultimately
stooping to very low levels from 29t in 1979
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Fig. 1Trend of oilsardine catches at Karwarlduring 196785

10 0.06 tin 1983 (Fig. 1). This daclining trend
in production by traditional gears from 1978 to
1983 and on, is marked by the introduction of
new purse seine era and catches improved
considerably with increasing peaks in 1979
(2454 t), 1981 (4107 1) and 1984 (47311)
and troughs in 1980 (21681), 1982 (33601t),
1983 (1386 1) and 1985 (4498 1). From 1979
onwards tifl 1885 the catch of oil sardine in
purse seinars at Karwar never went below
1400 t (Fig. 1).- But indigenous gears (Rampan
and vendi) never exceaded 650¢t. It is worth
to investigate, whether this increased exploit-
ation by fishing by the purse seiners has any
adverse effsct on the population. 1t ig
observed that the fishery by the indigenous
gears is utter failure consequent to the intso-
duction of purse seiners in the Karwar waters.
Now the fishery has been based on purse
seiners. If such situation is there, what would
be the quantity to be harvested?

For this purpose, Schaefer’s model (1957)
was fitted to the oil sardine caught in purse
seinars to the effort and relative abundance of
catch to make a broad estimate on the maximum
sustainable yield and effort required for this
vield from 1979 through 1985. The constants
‘a’ and ‘b’ (Y=a-bf) were 14098.7 and - 0.1315
raspectively, where {is effort spent and Y is
the relative abundance. From this, the MSY for
oil sardine fishery at Karwar is 377 t and the
offort for this is 5358 unit days of operations.

215



ESTIMATES OF INSTANTANEQUS TOTAL
MORTALITY FOR SEPARATING F (FISHING
MORTALITY) AND M (NATURAL MORTALITY)

FOR PURSE SEINE FISHERY

Here no need arises for describing detailed
methodology for estimating total instantaneous
rates of mortality. The methods are well known
to most of the fishery biologists. The methods
used for estimating the ‘Z' were Beverton and
Holt (19566), Length converted catch curve

method and the Age compaosition method.

Sekharan and Dhulkhed (1963) found the
value of Z as 1.66 for oil sardine for 1957-63
oft Mangalore area. Based on the effective
lite span. M was 1.12, From these ‘F' and
‘U’ (exploitation rate) were 0.26 for oil sardine.
The 'Z' value obtained by Banerji {1973) on
the West coast was 1.42 and M=0.67. The
exploitation rate ‘U’ becomes 0.48 when Z of
1.66 was used. These ‘M’ values are used to
calculate ‘U’ in the present account.

Table 1.

2 values astimated by different methods
for oil sardine at Karwar from purse seiners,

Years | Beverton and| Length conve- | Agecom-
Hoit method | rted catch postion
curve method. | method
1976 4.4322 1.774¢9 1.4815
1980 5.6702 5.0755 2.1340
1981 3.3148 0.1959 2.3530
1982 3.0209 3.2380 2.7665
1983 3.2545 3.9964 0.1415
1984 2.4642 1.9777 1.0006
1985 3.2973 3.0067 1.3810
Average for
1979-85 3.6363 2,7522 1.6054

‘M’ caiculated on the basis of effective life
span of oil sardine was 1.0172. The ‘M’
estimated from the age composition of the purse
soine fishery was 1.0442. As there was no
linearity between Z and seffort, the ‘M’ calcula-
ted by the age composition method was not
used for calculating F, exploitation rate (U) and
yields then on. Although ‘M’ derived by both
the methods are nearer to each other, M=
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1 0172 based on the effective life span of fish
is followed for calculations. Sekharan (1974)
states that mean value of M around 1.00, seems
as more reasonable estimate.

ESTIMATION OF STOCKS OF OIL SARDINE

Estimation of annual average stock and
standing stock of purse seine fishery was made
F ~(F+M)

. U=tTm (e )

Where ‘U’ is aunual exploitation rate, ‘F’ is the
annual instantaneous fishing mortality rate and
‘M- is the instantaneous natural mortality rate.
The annual average catch of oil sardine on All
India basis during 1979 through 1884, amounts
to 178095.6t. The average and standing stocks

for average Z values from 3 methods with
M=:1.0172 one given in Table 2.

by the gensral formula,

a) STOCKS ON ALL INDIA BAS/S

The annual average stock and standing
slocks in the fishing grounds are 387978 t and
respactivaly.

Taking Z and M values for present study
of Sekharan (1974) and Banerji (1973, the
stocks for 1979-1984 (with All India average

catch of 178,095.5 t, may bs estimated as
below:

From the 1table 3, it is observad that
when natural mortality rates 1.0172, 1.12 and

0.67 are used with 'Z' valuss of the present
account, the pooled averages of annual sfock
and standing stock approach to 392,213 t and
150,688 t respectively showing 4235t more
average stock and 7122 tless standing stock
than the averages of Table 2, when M=1.0172,
alone was used. This is because of differences
in the rates of exploitation under different
situations stated above.

When 'Z’ values of Sekharan (1974) and
Banerji (1973) as shown in Table 3, for 3 levels
of instantaneous natural mortality rates are
taken, the resultant pooled annual average
and standing stocks for Z= 1.66 are 637,506 ¢
and 262,254 tand for - Z=1.42, they are
794,785 t and 424,419 1 respactively. '
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Tabie 2.

Average annual and standing stocks ({intonnes) of oil sardine (All India) when
M=1.0172 during 1979-1984 period.

Method of Annual Annual
estimate Z F average average Remarks
stock stending
(YiU) stock (YIF)
Beverton and Holt (1856) 36363 2.6191 253,851 67,999 Stock
Length converted caich 2.7622 1.7350 301,754 102,849 astimates
curve method were made
Age composition 1.6054 06882 ~ 608,250 302,731 for a Single
Average of above methods 387.978 168,810 M value
Table 3.

Annual average and standing stocks of oit sardine (Al India) using three, M=1.0172,
M=1.12 (Sekharan, 1974) and M=0.87 (Banerji, 1973) values.

Z F M Annual Annual
average standing Remarks
stock stock
(tonnes) (tonnes)
2.6191 1.0172 253,951 67,999
3.6363 2.5163 1.12 264,315 70,777
29663 0.67 224,245 60,040 Mechanised
1.7580 1.0172 301.754 102,649 period by
2.7522 1.6322 1.12 606,385 109,114 purse seiners
2.0822 0.67 251-441 85,632
0.5882 1.0172 608,250 302,781
1.6054 0.4854 1.12 737,150 366,906
0.9354 0.67 342,426 190,395
Average
(Mechanised 392,213 150,688
petiod)
1.66 0.6428 1.0172 567, 907 277,082
(Z after 0 54 1.12 676.804 329,806
Sekharan
1974) 0.98 0.67 368,728 179,884
Average 537,606 262,254 Non mechanised
1.42 0 4028 1.0172 827,966 442,144 period
{Z after by the
Banerii. 0.30 1.12 1111,707 593,662 traditlonal
1973) 0.75 0.87 444,683 237.461 gears.
Average 794,785 424,41%
Average
{Non-mecha- : 666,146 343,337
nised period
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From the presant study. it is noticed that
in the total mortality range of 1.6054 to 3.6353
the annual average stock and annual average
standing stock are 3911, 213tand 150,688
in the fishing grounds; but when ‘Z' values
were low (1.66 and 1.42), the pooled annual
average stock and annual average standing
stock are 666,146 t and 343, 337 t respectively
in the fishing grounds.

It may be mentioned here that Sekharan
(1974) estimated U as 0.26 taking M=1.12
and F=0.54 and the annua)l average and
standing stocks estimated by him were 810,000t
and 390,000t respectively when the annuai
average caich of oilsardine on the West Coast
during 1860-1971 was 210,000t He calculat-
ad U of 0.48 for Z=1.66 taking Banetji's value
of M =0.67 and from this annual average stock
in the fishing grounds of 440,000t and the
standing stock of 210,000 t. in the present
study, the annual stock and standing stock
show lower values than the ones estimated by
the above authors and the exploitation rates
wera higher in the fishing grounds by the purse
seiners. The higher annual average  and
standing stocks during the premechanised
period may probably be due to better recruitment

to the fishery than the mechanised period.

by STOCKS OF OIL SARDINE AT KARWAR
WATERS (EXPLOITED BY THE PURSE
SEINERS)

From the Table 1, the average ‘Z’ values for
the three methods arse 3.6363, 2,7522 and
1.6054. From these Z, average F values,
2,6191, 1,7380, 0 5882 were found by deduct-
ing M=1.0172 from Z. Then the corresponding
‘W values 0.7013, 0.5902 and 0.2928 waere
cbtained. The annual average stock and
standing stock during different years are shown
in Table 4 for the purse saine fishery at Karwar,

From the above table annual average stock
and the annual average standing stock from
1979 through 1985 are 7063t and 2873t at
Karwar area which are 55.5 and 52.5 times
lower than those estimated for the whole West
coast of India (i, 6. 392213t and 150688 t)
respectivealy,

STUDIES ON THE YIELD-PER-RECRUIT(Y/R)

OF QIL SARDINES OCCURRING IN PURSE

SEINERS FOR OIFFERENT INTENSITIES OF

INSTANTANEOUS NATURAL ANOD FISHING
MORTALITIES

Yield.per-recruits for 3 levels of instant-
aneous natural mortality rates at 1.5, 1.0 were

TABLE 4

Annual avarage and standing stocks (in tonnes) at Karwar (purse seiners)

Annual catch

Annual average

Annual average

Years in tonnes stock (Y/U) standing (Y/F) Remarks

1979 2454 G885 3180

1980 2168 3344 1309 These stocks

1981 4107 6660 2431 aré the pooled

1982 3368 6366 1704 averages from the
thrae methods

1983 1386 18839 0542 calculgted

1984 4731 156883 97726 soparately as
stated above sumped

19856 4498 12239 6533 summed up and
averaged.

Average 3242 7063 2873
218
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astimated by the well known formula of Beverton
and Holt (1957) which was simplified by Ricker
(1958). as below:

_M{plp) 1 3 g"KtP1-t)
Y/R- Fe Wao (FyM)—Z Un
N=0 F+r MLk}

where F= Fishing mortality, M= Natural mor-
tality, tp1= age at capture, {p= age at recruit-
ment, t,= Arbitrary origin of sge when fish
has zero length, and Un= summation variable,

8). YIELD AS FUNCTION OF ‘F° KEEPING

tp! AS CONSTANT

Fig. 2A, shows vyield per-recruit calculated
for M= 0.5. It is observed from the figure that
when the fishery is exploited during November-
Dacember, when the fish are 8 to 9 months old,
the maximum yield of 44-45 gm is obtained at

..... um e & o K
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e T 1]

—— —y

~an
‘‘‘‘‘

YIELD -FER-. REC Mty (95

F= 0.9, these values are Y (Max). At higher
natural mortality rate when M = 1.0 (Fig. 2 B)
the fishary at the same age and time show the
maximum yield of 28-29 gm (Y Max) when F
values are 2.1 and 2.6 (F Max). Y {Max) and
F (Max) when M= 1.5, for B and 9 month figh
in November - December period, are 21 gm at
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3,7 Fand 22 gm with 4.1 F respectively. In_
crease of natural mortality and F sbove
1.0 M and 2.5 F may result into less vield when
compared to iower M and F values than these
as stated above (fig. 2A-C).

b). EUMETRIC YIELD AND FISHING CURVES

Figs. 3A, B and C show eumetric yield and
fishing curves for 3 levels (0.5 M, 1.0 M and
1.6 M; of instantaneous natural mortality rates.
In Figures, sumetric yield curves (broken lines)
are obtained by plotting the maxima of Y/R (gm)
from each of all tp1 values against the corres-
ponding ‘F* values. In these eumetric yield
curves (Figs. 3 A, B & C) high valuss of Y/R
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(Maxima) show fail to low yield values as ‘M’
increases from 0.5 to 1.5. The esumstric fishing
curves which lie below the yield (mesh) curves
show also same tendency for - instantaneéous
natural mortality ranging from 0.5 to 1.56. In these
curves, as the fishing intensity increases vyield
curves approach to ssymptote and indicate no
clear cut maxima.

c.) EUMETRIC FISHING AS A FUNCTION OF
AGE AT ENTRY FOR EACH LEVEL OF
F, KEEPING F AS CONSTANT

In Figures 4 A, B and C there are shown
yield mesh curves for each of a8 pumber of
different values of F, for each value of natural
mortality for 0.5, 1.0 and 1.5, separately. 1t is
found that as F increased, the mesh required 1o
give the maximum yield and the quantity of that
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yield also increases. This is still clear by the
description given below,

From the Figure 4A, it would be seen that
when M= 0 5, low yvields are cbtained for lower
F values. As F increases, yields also increass.
Maximum yields are obtainabie when F values
are increased from 1.7 to 4.6, at the ages from
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18 months to0 21 months (i. e. 1.5 year to 1,75
year). For M= 1.0 also, increasing F value from
1.7 10 4.6, gives maximum vield for ages 12
months to 15 months (i. e. 1 year to 1.25 yesr
olds) and for M= 1,6, by increasing F values
upto 4.5 show low yields for higher ages and
higher yields for the lower ages (Figs. 4 A, B
snd C). One important feature noticed here is
that as M increases higher ages tend to produce
low yislds and the quantity producad i3 also low.

GENERAL CONSIDERATIONS

This paper deals with some vital aspecis of
population dynamics on oil sardine fishery
resources of Karwar on the West coast of India,
At present the fishery is exploited by the purse
seiners. As a result of this the artisanal fishery
by the indigenous gears has been almost obli-
terated. As this paper relates to purse seine
tishery of this area, attempt was made to under-
stand whether catches are sustainable or not.
Data fitted to Schaefer's model indicate that the
average annual sustainable yield (MSY) for oil
sardine fishery by purse seiners at Karwar is
3778 t and effart for this is 5398 unit days of
operations for an year. As seen from the Table
4, the average annual harvest of 3242 by the
purse seiners, is less than the MSY level and it
is well within the limit at Karwar. Therefore,
another 500 t may easily be harvestad without
any adverse effect on the sardine fishery here.
This species is migratory and shows wide
seasonal fluctuations. It is assumed that
immigration into the fishing grounds and
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emigration of the population from these grounds
are constant.  For the same ser of data, itis
observed that there is bound to be difference
inthe ‘Z° estimates from one method to the
other. Here three methods viz., Beverton and
Hoit (1956), Length converted catch curve
method and Age composition method were
followed for estimating ‘Z+ values (Table 1).
The average ‘Z- value for the first method was
higher than that of the second and that of
second was higher than the third. In such
situations annual average stock and standing
stock (for same source of data) are lower for
higher Z values and vice versa. it is not correct
to say that oné method is underestimate and the
other is ovarestimate, To solve this difficulty,
the oil sardine stocks are calculated by each
method, pooled and averaged for all three
methods for annual average and standing stocks.
They are estimated at 987978t and 1578101
on All India basis (Table 2). These are fora
singio value of M= 1.072. When 3 M values
of different authors on oil sardine are chosen for
above 'Z- values (Table 3), the pooled average
annual and standing stocks on All India basis
in the fishing grounds are 3922:3 and 150688 t
jespactively.  This difference in the first and
second set of values is because of difterence in
natural mortality rates obtained under different
fishery situations in them. In the third set of
Z velues of different authors (Sekharan, 1974
and Banerji, 1973) the annual average and
standing stocks when pooled are 666146t and
343337 trespectively (Table 3). The average
annual and standing stocks present in the fishing
grounds are 7063t and 2873t respectively
(Table 4). The average annual catch during
1979-1985 is 3242 t and this is more than the
standing stock at Karwar, The reactions of fish
population to fishing and natural mortalities are
remarkable and also for changes in its environ-
ment. Such losses from population are
compensated by accessions to it, and restore
balance under such changing conditions, as fish
populations have seolf regulating mechanism

and this resiliency of population is genoerally
observed in any sustained fishery, Studies on
yield-per.recruit of oil sardine at 3 levels of

natural mortality rates show that fishery in the
exploitation phase, with M=0.5, the Y (Max)
and F (Max) being 44-45 gm and 0.9 F respecti-

BULLETIN 44

valy. As ‘M values increase to 1.0 and 1.5 in
the exploitation phase, Y (Max) and F {Max)
are 28-29 gm and 2.1 to 2.6 F and 21-22 gm
and 3.7 F-4.4 F respectively, showing the
reduction of yield as natural mortality increases.
This trend is also noticed in eumetric yield and
fishing curves (Figs 3A, B and C). By keeping
F constant and changing tp 1 (age at entry) the
mash required to give the maximum vyieid for
05M 10M and 1.5 M was calculated. For
0.8 M, increase of F from 1.7 to 4.6 at ages
1.6 year to 1.75 year showed better vield. For
M= 1.0, same increase of F gave maximum
yield for ages 1 year to 1.25 year fish. Finally
for M= 1.5, the same increase of F again showsed
low vields for the higher ages and high yields
for lower ages (Figs. 4 A, B and C).

Now, the idea centres round whether
machanisation has become boon to the fishing
industry or not. Purse seines in 1970 were 4
in numbers. This number increased to 35 in
1976, on the West Coast. During 1980, there
was unexpected sudden rise to 400 number.
in the subsequent years after 1980, more
nuinbers were added every year. It would be
ol interest to note that the average catch of gil
sardine fron 1960 to 197% which is described
as non-mechanised period was 190026 t and
the period 1976 to 1934 which 1s characterised
by the mechanised one with more than 400
purse seines operating showed the annual
average catch of 172, 834 t which is far below
the average caich obtained by the waditional
gears alone. This has indicated that, mechani-
sation has not brought any success by increasing
more fleet strength in the fishing grounds. In
fact, this has made the average catch to decline.
Such sitwation reflects on the standing stock
present in the area. According to Sekharan
(1974) and Banerji (1973), annual average
standing stocks of oil sardine are 390,000t
and 210,000 t respactively, when the fishery
was exploited exclusively by the traditional
gears during 1980-1971 and recruitment to the
fishery was better as judged from the average
catch during this paeriod. They also observed
lesser axploitation rate. {n the prasent study
during 1973-84, the fishery exploited by the
purse seiners shows highser rate of exploitation

(U} and annual avarage standing stock
approaches to 157810 tonnes. Theratore,
221



introduction of more numbar of purse saeiners:

beyond the prasent MSY level (i. 8. 2.1 F when
M=1.8), would definitely imbalance the
standing stock and then consequently the rate
of natural increase, resulting into depletion of
the stocks. According to Banerji (1973), the
average F of 0.75 would give the maximum
yield-per-recruit {Y/R) when M =0.67 for oil
sardine on the West coast of India.  This may
be compared to above fig 0.9 F when M = 0.5,
The catches of purse seiners diminishing at
present when compared to those In 1976 or
soon after when their number was limited to
very few. The optimum catch for the present
rate of fishing (2.1 F when M = 1.0}, is
331400 ¢, which shows higher wvalue when
compared the optimum sustainable vield, of
213,000 t for oil sardine on the West Coast of
india (Banerji, 1973). Therefore, great care
should te excercised in regulating the number
50 as 10 prevent the harmful effect on the oil
sardine resources of the country which should

be conserved and renewed by its judicious
exploitation.
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PROBLEMS OF IDENTIFICATION AMONG
SPECIES OF SARDINELLA

K. P. Sivakumaran, M. Manickasundsram and V. Ramaiyan
Centrs of Advancad Study in Muerine Biclogy,
Annamalai University, Parangipettai 608602

ABSTRACT

in spite of several recent studies, confusion still surrounds on the Identification of few tndian
clupeoids such as Sardinella, lisha and Thryssa because of their morphological similarity between
spacies, which has seversly restricted the useful biclogical studies (Babu Rao, 1962; Whitshead, 1973:
Ramaivan and Whitehead, 1975; and Wongratans, 18831,

Ot sll the clupeids. the identification of the species of Sardinella by varicus authors based
on meristic and mosphometric characters is ofien confusing. The identity of 5. longiceps, § clupeoids,
S, feiogaster, S. sirm based on faw meristic and morphomstric characters is relatively sasy however,
the same charscters are not satistsctory for S. albelia. §. brachysoma, §. dayi, S. fimbriata, S.

gibbosa, 8. melanura and S. sindensis.

The present study demonstrating the unsuitability of meristic snd morphometric characters for '
the idantification of the species of Sardinelfla cautions the pessibility of mixed material in future

biological investigetions on Sardinelia.

INTRODUCTION

Clupeoid fishes particularly sardines, het-
rings and shads although comparatively smaller
in size, occur in large shoals contributing to
important fisheries of the world such as the
British herrings, pilchards, Peruvian anchoveta,
Pacific sardines and lesser sardines and Indian
oil sardine to Indian fisheries. Knowiedge on
the systematics, fishery and biclogy of the
clupeoid resources is an important prerequisite
for their proper understanding and rational
exploitation. In Indis, the clupsoid fishes
ncluding the lesser sardines in genseral and
particularly the oil sardine Serdinsila fongiceps
contribute much to Indian pelagic fisheries,

in spite of several recent studiss {wongra-
tana, 1984; Talwar and Kacker, 1984 and
Whitehead, 1985} confusion still sugounds
on the identification of species of Indian
clupeoid fishes such as Sardinaella ilisha and
Thryssa, because of their morphological simila-
rity between speciss which has sevaetely
restricted the useful biological investigations.

The identification of the spsacies of
Sardinells by various authors, based on many
characters is often conilicting and  totally
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confusing. Hence, the present paper, while
demonstrating the unsuitabiiity of the maristic _
and mosphometric characters for the identifica-
tion of S. gibbosa, & fimbriata, S. brachysoma,
S. sindensis, S. albelfa based on  material
coliected from parangipettai, suggests means
to overcome this difficuity,

MATERIAL AND METHODS

The material for the present study consisting
of specimens of oil sardins (Sardinells
longiceps) and lesser sardines (S. dayi, S:
albella, S. brachysoma, S. Fimbrista, 8.
sindensis, S gibbosa and S. melsnura) were
collected from parangipettai fish landing centre,
The specimens waere obtained thrice a waeek
from the commercial catches operated” by
gillnets for a period ot 5 months from April to
August 1988, Only standard morphometic
measurements (total length, standard length,
head length and body depth}) and meristic
counts (fower gill rakers on first arm and
abdominal scutes) ware made on all the speci-
mens obtained. Tho size range of the specimen
varied from 60 mm-135 miv in S.L. The
morphometric measurement werg made of the
left side of the spacimen.
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TABLE- 1.

Rangas of morphometric end meristics of various spacies of Sardinella
&s recorded by various authors.

Number of Gill
Name of the species Authors Name rakers on lower Number Depth of
limb of first of belly body
gill arch. scutes (%of S.L)
(M) (2) (3) (4) (5)
1.  Sardinelia alhells Whitehead and
Wongratana {1983) 41-68 30.32 25-40
Talwar and
Kacher (1984) 40-67 31.32 24-39
Whitehead (1985) 41-68 29-33 25-40
Present Study 44-61 29-33 25-36
2. Sardinella brachysome Whitehaad and
Wongratana (1983) - — -
Talwar and
Kacker (1984) 49-65 29-32 28-40
Whitehead (1985) 48-67 29.32 30-39
Presant study 50-65 29.32 30-38
3. Sardinells dayi Whitehead and
‘Wongratana (1983) 88-132 31-32 34-38
Talwar and
Kacker (1984) 80-132 31.32 34-38
Whitehead (1985) 88-126 30-32 —
Present Study - —_ —
4. Sardinalla Fimbrista Whitehead and
Wongratana (1983) 54.89 29-32 26-35
Talwar and
Kacker (1984) 53-82 29.32 25-35
Whitehead (1985) 54-82 29-33 25-34
Present Study 656-82 29-32 26-34
5. Serdinelis gibbosa Whitehead and
Wongratana (1983) 40-68 32-34 22-32
Talwar and
Kacker (1984) 38-65 31-35 22-3t
Whitehead (1986) 45.59 . 32-34 24-30
Present Study 40-64 31-34 24-3
6. Sardinells melsnura Whitshead and
Wongratana (1983) 38-74 28-30 30
Talwar and
Kacker (1884) 38-74 28-30 25-30
Whitehead {1985) 38-74 28-30 27-30
Present study 39.-72 28-30 27-30
7. Sardinelia sindensis Whitehead and
Wongratana (1983) 38.77 31-34 21-35
Talwar and
Kacker (1984) — —_— _—
Whitehead (1985) 38-77 31.34 21-35
Present Study 39.72 31-33 21.23
8. Swdinells jussuie Whitehead and
Wongratana (1983) 88-1014 30-34 28-37
Talwar and
Kacker (1984) — v — -
Whitehead (1985) 88-126 31-32 28-37

Present Study — — —_
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OBSERVATION AND DISCUSSION

The ranges of the morphometric and
meristic dala of the Sardines studied presently
are provided in Table 1 along with the ranges
observed by sarlier authors. The objective of
the present study is to highlight the unsuitabi-
lity of the morphometric and maeristic data
alone for the proper identification of the species
of Sardinells because of their morphological
similarity between species. Of the species
of Sardinella studied S. longiceps could
easily ba identified based on its longer
head length (29-359%, §. L., Similarly, tha jet
black caudal fin tips distinguish S. molanura
from all other species of Sardinsila, however
the identity of other specias based on morpho-
metric and meristic charactors is not always
aasy.

The meristic counts {abdominal scutes and
lower gilirakersy of S. day/. overlap with that
ot jessieu/, though reported to occur along
weslern coasts of India from Bombay to Srilanka
though not recorded from parangipettai coast.
However, Wongratana (1983) has separated
the two species based on abdominai scutes,
but his range of scute count overlap. Further,
there is no siginificant variation either in body
depth or in lower gillraker counts between
these two species,

The abdominal scutes range from 29-34 in
the various species of Sardinella (S. albella,
29.33, 8. brachysoma, 29-32, S. fimbriata
29-33, S. gibbosa, 31-36 and 5. sindensis
31-34) as reported by wongratana (1983),
Talwar and Kacker (1984) and  Whitshead
(1985), however the separation of species
based on abdominal scutes is definjtely not
easy in routine analysis.

The variation in the range of lower gill-
rakers is often employed for the identification of
the above mentioned species, The lower
giilrakers range from 38-68 in various species
of Sardinella excepting S. dayi {80-132) and
S. jussieni (88-126), however, the range of
lower gillrakers in 5. albells (40-88), &S.
brachysoma (48-67) S. fimbriata (53-89), 8,

gibbosa (33-68), 8. sindensis (38-77) overlap .

with each other indicating their unreliability in
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separating the species. Depth in percentage of
standard length has often been employad for
separating the species which is not always
aasy. Perhaps it could be successfully used to
separate the species if the non-overlapping
nature is established employing ontogenetic
series of specimens as suggested by Whitehead
{1985).

The nature of the pattern of the strias on
scales has been attempted by earlier authors
(Whitehead, 1985} to separate the morphologi-
cally similar specias of Sardinells, however, due
to lack of consistency in the pattern, this too
can not be successfully employed for the
separation of species. As far as the vertical
striae¢ on scales are concerned S§. brachysoma
is distinct in which the striae are continuous at
the centra whareas in S. albefla, S. Ffimbriats
S. gibboss and S. sindensis the striae pattern
is almost exactly similar,

Because of the overlapping nature of the
morphometric and meristic characters of sardines
between species it is suggested that future
investigations on the bioclogy of any particulaf
species of sardine should be carefully planned
because of the possibility of mixed material,
Thus the problém of identification of morpholo-
gically similar species such as sardines is very
acute and this may perhaps be solved to some
extend either by emploving ontogenetic series
of specimens of the species concerned as
suggested by Whitehead (Per com.) or by
developing suitable methods to rear the marine
fish larvae as suggested by Kuronuma and
Fukuso {1987).
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PRESENT STATUS OF PERCH FISHERRYl RESCURCES
IN INDIA AND ITS PROSPECTS

H. Mohamad Kasim, K. M. S. Amest Hamsa and P. Sam Bennet
Central Marine Fisheries Research- Institute, Cochin - 682 031-

ABSTRACT

The perch resources and fisheries in india have been dealt with, As geen from the Stetewise
perch production during 1869-1881, on an average 27,184 tonnes of peiches were landed in India
with fluctuation from 12,866 'n 1969 to 49,312 in 7978, The gearwise and Statewise perch
production from 1982-83 to 1984-86 indicates thet the mechanised units contributed 72.4 % and non-
mechanised 27.6 75. Anong mechanised units. tne trawlers have Janded the major portion of the catch
(68 4 %). The Statewise species composition of perch landings indicate that the threadtin bragams
formed more than 507, of the catch. During 1982-83 and 1983.84, the perch production of Tamil
Nadu was higher than sll other states. whereas during 1984 85, Kerala was the first in perch production
jollowed by Andhrapradesh and Tamil Madu. The different groups of parches landed by trawl and  gill
nat units at different important Yanding cenires on the east and west coast Of indien show that in all
the centies the caich rates of trawlers were higher. The higher calch rate in  trawl nat operations  in
Sasoons Dock and New farry Wherf was due to voyage fishing 1or more than a day.

Among threadfin breams, Nemiplterus japonicus and among pig face breams. Lethrinus
nebulosus  are the dominant  species. The growth. mortality rates. optimum  age of sxploitation,
potential yield per rectuit and yield per recruitment at differant combination of age at first capture and
figshing mortality cosfficients of thess spsacies have been dealt with in detail. The prospects of the perch
fishary by commercial trawlers and tha possible increase in production by the introduction of pair
trawling with high opening traw! net in Gulf of Mannar is discussed.

INTRODUCTION the narrow belt of this continental shelf of
about 50 m depth covering an area of 1,80,539
Perches are an important marine fishery | sq. km. Annuslly on an average 59,215.8 t of

resource, but exploitation of this is limited to perches sre landed by different types of gears
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operated by both mechanised and non-
mechanised vessels along east and west coasts
of India (Jones and Banerji, 1973; Anon, 1981,
1983, 1986 ). The common perches landed in
India belong to thirty seven genera of five
different groups i. e, 1. rock cods, 2.
snappers, 3 pig-face breams, 4. threadfin
breams and 5. other perches. Considering the
commercial and economic importance of this
resource a systematic study was undertaken to
investigate the fishery of perches and the
population dynamics of the dominant perch,
Lathiinus nebulosus at Tuticorin,

METHODS

The data on the Statewise, gearwise and
centrewise perch landings and species compo-
sition of these landings were obtainad from the
Fishery Resource Assessment Division which
employs multistratum random ssmpling method
for collecting the catch statistics of different
marine fishery resources in India,

Weekly observations were made to collecy
the data on the gearwise catch, effort, species
composition of perch landings and length
frequency of dominant species L. nebulosus
(Forskal) at Tuticorin. The length-wseight
‘relationship ol L. nebulosus was obtained by
least square method (Snedecor and Cochran-
1967). The growth estimates of L, nebulosus
and N. japonicus were obtained by the integra-
ted modal progression analysis (Pauly, 1980)
and Bagenal (1955) method. The natura!
mortafity coefficient (M) was estimated from
the maximum life span of the species as per
Sekharan (1974) and also by “independent
method” (Peuly, 1980). the total mortality
coefficient (Z) by Beverton end Holt (1956)
method, the gear selection factor by the catch
curve method (Pauly, 1984) and the vyield per
recruitment by the method of Beverton and Holt
(1967) simplified by Ricker (1958).

PERCH FISHERY

Perches are caught by different types of
gear such as traw! net, drift and bottom set gill

net, hooks and line, fixed bag net, purse seine, .

shore seine. boat seine, traps etc,, operated
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by various kinds of mechanised and non-mech-
anised craft all along the east and west coast
of India.

Catch and effort: During 1981-85, perches
formed on an average 1.47%, of the marine fish
catch and were the most sbundant in Madras
State (Tami! Nadu), where they formed 4.1 9
of the marine fish landings, Kerala, Maharashtra
and Andhra ranking next in the order given
(Rao, 1973). The ail India perch and total
marine fish landings for the period from 1969-
1981 indicate that perches formed on an
average 2.2 9, of the total marine fish catch.
The perch catch increased steadily from 12,865 ¢
in 1969 to 49,312t in 1978 and the statewise
annual average perch production during that
period was 11,341 tin Kersla, 6,830t in Tamil
Nadu, 2.743 t in Maharashtra, 2,504 t in
Andhrapradesh, 2. 227t in Gujarst. 496 t in
Pondichetry. 404 t in Karnataka, 267 t in Goa,
170 t in Lakshadwesep, 153 t in Andamans, 146 t
in Orissa and 46 t in Weast Bengal. During
1979-1981 the landing fluctuated 'between
31,3256 and 38,541 t and during 1982-19856
annual average perch production was 59,2156t
constituting 3.5 9, ‘of the annual average
marine fish production in India, '

The gearwise and statewise perch product-
ion during 1982-85 in India indicate that the
mechanised units contributed 72.4 % and non-
mechanised 27.6 %. Among .mechanised units,
the trawlers have landed the major portion of
the catch (68 4%). The order of average perch
production among different states during 1982-

85, Kerala 17,106t Tamil Nadu 12,324 t,
Andhrapradash 9,230 t,  Gujarat 6.689t,
Maharashtra 6,508 t Karnataka 2,623 t Goa

1.474 t, Pondicherry 1,181¢t, Orissa 1,135t and
West Bengal 66 t. Gearwis averagse annual
CPUE of perches landed in different states
indicate thatthe catch rate of traw! net was
higher than the rest of gears and it was 52.5 kg
in Gujarat, 40 98 kg in Andhrapradesh, 39.2 kg
in Kerala, 36.3kg in Maharashtra, 27.9 kg in
Pondicherry and 10.5 kg in  Tamil Nadu. The
catch rates of drift gill net in Andhraprades and
of hook and line in Tamil Nadu were higher
than the rest of the states.
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Caich composition: The comman perches lsnded
in lndia belong to thirty seven genera of tive
important groups i. e,, Rock cods: Holocantrus
Serranus, Epinepheius (Serranidae), 2. Snappers:
Apron, Frstipomojdes, Lutisnus (Lutienidas),
3. Pig face bieams: Lethrnelle, Lethrinus
(Lethrinidae). 4. Threadfin breams: Nemipterus
(Nemipteridae), 5. Others: Lates and Psammo.
perca | (Latidse), ambassids  (Ambassicae),
Peletss, Euthsrepon, Therspon, (Theraponidaej,
Friscanthus (Pnscanthidae), Apogon, Apogoni-
chthss (Apogomdae), ;Sililago 1(Sillaginidae),
Lobotes (Lobotidae), Pentaprion, Gerres, \Pertica
(Geiridae), Pomasdasys (Pomadosyidse), Scolo-
psis (Scolopsidae), Disgrammae (Piectorhynchi-
dae), Argyropes, Acanthopagrus (Sparidae),
Ephippus (Ephippidae) Platex '(Platacidae),
Drepane {Dtepanidae), Pomacentrus, Amphi-
prion, Abudefduf (Pomacentridae), Siganus
(Siganidae). Acenthurus |Acanthuridae) Kurtus
{Kurtidae) etc.

The statewise catch composition of thesg
major groups of perches indicates that thread-
fin breams formed 51. £9, of the catch,
snappers 95.89%, rock cods 4.5%, pig face
breams 3,7% and the rest by other perches

L
(34.6%). Out off snnual average of 30,488.3 t
of threadfin breams, Kerala alone landed
13,018t (Table 1). Among the threadfin breams
Nemipterus fsponicus is the dominat species,
though other species N, tolu, N. marginstus.
N. hexodon and N. mesoprion also support the
fishery to certain extent. The different groups
of perches landed by trawl net, giil net, purse
seine, hooks and lne and dol net units at
different landing centres on the east apd west
coast of india show that in &ll thejcenires
the catch rates of trawlers were higher than
the other wunits. The higher catch rate of
trawlers along the Andhra coast declined along
the Tamil Nadu coast and then it increased
along the west coast from Kerala to Maharashtra:
The highest catch rate in trawl net operations
in Sasoon Dock and New Fenry Wharf was
due to voyage fishing for more than a day.

Fishing at Tuticorin: Perchas are caught by
different types of gear such as trawl net, drift
and bottom set gillnets, hooks and lines etc,
Operated hy various Kinds of mechanised and
non-mechanised crafts along Tuticorin coast,
The monthwise catch composition of perches
landed by trawlers during 1984-85 to 1986.-87
is given in Tables 2, 3, and 4. On an average

TABLE 1.

Statewiss average annusl lsndings of different groups of perches
(in tonnes} during 1982 - '85.

STATE ROCK CODS5S SHKAPPERS *G FACE THREAD FIN QOTHERS TOTAL %
BREAMS BREAMS
WEST BENGAL 5.7 - — 60.3 66.0 0.1
ORISSA 5.5 15.6 20.5 626.0 367.6 1135.0 1.9
ANDHRA PRADESH 16.0 1461.0 4.3 23387 5410.0 9230.0 15.6
TAMIL NADU 1322.0 804.0 2019.0 3162.3 4916.7 123240 20.8
FONDICHERRY 13.5 7-3 21.3 568.6 570.4 1181.0 2.0
KEHALA 3993 125.7 89.0 13018.0 34740 17106.0 28.9
KARNATAKA 41.0 19.7 2059 0 497.0 2623.0 4.4
GOA 210.0 3.0 878.5 282.0 1474.0 2.5
MAHARASHTRA 224.0 279.7 4779.3 1217.0 6508.0 11.0
GUJARAT 437.7 606.3 49.7 23580 2638.3 6689.0 11.3
ANDAMANS — — — 671.3 671.3 11
LAKSHADWEEP - 16.3 — 182.0 208.3 0.4
TOTAL 26747 34375 22186 30488.3 203965 592166 —
A 4.5 5.8 37 51.5 34.5 — —
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TABLE 2

Pareh landings (in tonnas) during 1984 - '85 by mechanised trawlers st Tuticorin.

Months  Effort {units) Rock cods  Snappers  Threadfins Pig face breams  Others Total CPUE {kg)
April - _ - _ — — _ _ —

May — — — —_ — — —_ —_

June 4169 — — 24.9 — 64.2 89.1 21.4
July 33BN — — 65.4 1.2 65.1 1347 37.3
August 3767 10.0 5.1 245.4 13.0 137.8 411.4 109 2
Sept. 3000 — - 1770 % . — 33.3 210.3 70 1
Oct, 3417 15.6 1.8 69.5 205 256 132.8 38.9
Nov. 2080 1.6 0.8 31.3 2.5 8.1 443 21.3
Dec. 2620 9.6 1.9 39.2 0.9 58.5 1101 43.7
Jan. 3584 8.9 0.8 244 2.0 351 71.2 198
Fab. 172 6.1 —_ 66.0 1.6 26.b 100.1 68.5
Mar. 1812 84 — 20.2 149 246 68.1 37.6
Total 29602 60.2 104 763.3 66.3 478.9 1369.1 46,3
% 44 0.7 55.8 4.1 35.0 — —

TABLE 3.

Perch landings (in tonnes) during 1985 - ‘86 by mechsnised trawlers at Tuticorin.

Months  Effort {units) Rock cods Snappers Thread flns  Pig face breams Others Total CPUE (kg)
April 2350 5.3 — 47.4 33.7 40.3 1268.7 53.9
May 2773 2.1 — 23.2 37.6 §5.1 118.0 426
June 4120 303 — 1464 20.7 114.8 311.9 75.7
July 4088 375 - 55.4 445 30.4 167.8 41.1
Aug. 4075 404 29.7  268.4 82.5 131.3 552.0 1365
Sep. 3672 743 — 2009 1420 105.9 523.1 1425
Oct. 4260  87.2 06 2625 112.2 180.5 642.9 150.9
Nov. 3600 26.1 84 1327 50.6 60.5 278.3 77.3
Dec. 2120 8.7 1.5 12.7 30.2 29.2 82.3 38.8
Jan. 1782 194 8.0 6.4 55.0 55.4 144.2 80.6
Feb. 1848  122.3 57.3 8.8 1240 57.7 370.3 200.4
Mar. 3775 77.3 18.4 957  130.6 90.4 412.4 109.3
Total 38473 530.6 1240 1260.2 863.6 951.5 3729.9 97.0
A — 14.2 3.3 338 23.2 25.5 — —
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Perch landings (in tonnes) during 1986 = '87 by mechsnised trawlers at Tuticorin.

TABLE - 4.

Months

Effort Rock Snapp- Thread- Pig face Others Total CPUE
(units) cods ers fins breams (kg)
April 4450 66.8 27.4 80.7 64.1 165.0 403.7 807
May 4238 815 268 791 148.1 1756.8 68133 1211
June 4416 87.3 136.2 105.6 206.4 277.2 812.7 184.0
July 33838 21.2 6.5 1424 30.4 144.5 3440 89.6
August 5100 6.4 1.7 188.6 9.8 68.7 275.2 54.0
September 4163 81.2 81.2 64.2 48.3 226.6 503.3 121.0
October 2275 7.0 1.6 36.4 6.8 54,6 106.3 48.7
November 4608 52.2 74.5 20.9 94.0 137.1 378.7 82.2
December 3725 447 46 3 100.3 79.1 304.0 574.4 154.2
January 4025 48.1 27.8 341 57.4 1611 328.5 81.6
February 3853 81.5 38.8 77.0 131.6 2624 691.3 163.6
March 3940 72.0 41.5 1207 147.2 375.4 756.8 1921
Total 48631 651.9 509.3 1069.7 1023.2 23443 5588.4 1149
% — 11.7 9.1 19.0 18.3 41.9 -
3,662.5t of perches were ianded by 38,802 landed at Tuticorin and the rest by hooks

units of of trawlers at the catch rate of 91.6 kg.
The catch rate increased from 46.3kg in 1986-87.
The trawl net catches of perches wese consti-
tuted by almost ali the families, The annual
average percentage composition was rock cods
11.6%,. snappsers 6.19%,, threadfin breams 28.8%.
pig face breams 18.2% and others 35.3Y,,
Scolopsis, Pamadasys, Therspon and Sillago

constituted the major portion of the other
perches,

An estimated annual sverage catch of
1148t of peiches were landed by 9,660
units of hooks and lines at the catch rate of
11.9kg per unit. In a yearon an average
73.8t of perchas were landed by 3368 units
of paruvalai (drift gill net - mesh size 120-
170 mm) at the catch rate of 21.9 kg and
19.96 tby 11821t units of podivs/ai (mesh size
70-100 mm) at the catch rate of 17.2 kg.
Trawlers contributed 94,59, of the total perches
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and line and drift gill nets.

The monthwise catch composition of per-
ches landed by pair traw! operations during
1986-87 is given in Table 8. An estimated
1,613.4t of perches were landed by 3828
units (pairs) at the catch rate of 421.5 kg.
pig face breams constituted 54.69, followed
by rock cods (20.2%), other perches (150%)
and snappers (109%). Threadfin breams consti-
tuted more 0.3% of tha total perch catch
by pair trawlers (Table 5),

POPULATION PARAMETERS
LETHRINUS NEBULOSUS

Length-weight relstionship: The log values of
total length in mm and weight in g of Lethrinus
nebulosus were regressed to obtain the length
weight relationship and it 15 expressed as
Log W = — 1.6846 4 29551 Log L.
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TABLE - 5,

Parch [andings (in tonnes) during 1586-87 by mechanised pair trawlars at Tuticorin.

Months Effort Rock Snap- Thread Pig face Others Total CPUE

{units) cods pers fins breams (kg)
April 250 125 1.4 0.2 31.9 17.5 635 251.0
May 234 . 9.6 1.7 0.7 30.6 91 51.6 220.6
June 212 14.5 2.1 0.4 54.9 271 99.0 467.0
July 182 9.0 0.7 0.3 186 10.9 39.4 216.5
August 312 9.8 1.1 0.5 30.0 10.1 1.5 165.1
September 338 44.5 20.1 0.2 . 44.9 67.1 176.8 523 1
Qciober 430 485 16.7 0.3 98.9 27.8 191.2 398.3
November 626 657.3 90.6 0.6 123.3 246 296.4 474.2
December 348 42.3 21.4 0.2 140.2 12,7 216.8 623.0
January 278 37.5 24 0.5 127.4 155 183.3 6569.4
February 324 25.4 1.9 — $2.7 10.8 1308 403.7
March 246 16.7 2.0 0.7 85.2 9.5 1131 461.6
Tota! 3828 3266 161 46 8785 2427 16134 4215
o . _— 20.2 10.0 0.3 54.5 15.0 — —_
Growth: The growth of L. nebulosus has been  data were further plotied against respective

estimated from the pooled data of weighted
length frequency obtained during the years 3
from 1982-83 to 1984-85 at Tuticorin. The
integrated method (Pauly, 1980) of tracing
modsl progression in accordance to time was
used in which different modes available in a
month’s length frequency were plotted against
respective months as shown in Fig. 1. These

AW S 1 b SORKDAFMAMG JUAS ONGdFMAMIIAGDHEJ Fm
1982 983 ) 1984 an

Fig. 1. Plots of modes in the length frequency against
respective months and tracing of the progression
of the modes to subsequant months for
Lethrinus nebulosus trom Tuticorin,
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months on an arithmatic graph and a curve
was fitted through the plots and
- may be expected to be the growth curve of

this species (Fig. 2) and it can be seen from

this curve
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Fig. 2. Fitting & growtlh curve through the plots of
svernge [angths atteined by Lethrinus nebulosus
in consecutive monihs obtained from the
analysis shown in Table 10.-
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this curve that this species attains on an average
182, 292, 422.5, 546, 628.5, 689, 737 and
775 mm in 0.5, 1.0, 1.5, 2.0, 2.5, 30, and 4.0
years. These data were subjected to further
analysis as per Bagenal method (Bagenel,
1955) and the growth in length {mm) of this
species may be expressed as per Von Bertalanffy
growth aquation Lt = 968 (1-e-0-4172(1-0.01108)},
As per the length weight relationship the growth
in weight of this species is also computed
by Bagenal method and this may be exprassed as:

Wt = 23.45681 (1-e -0-4900 (10,052i)3),

Mortality rates: The natural mortality coefficient
(M) is estimated from the life span of this species

i.e., Tmaxis= 3=7.19 years and M= 1
K (7.19-1)

xLn 100=0.74 and the independent estimate

1 .
of M as per Pauly (1980) method is 073. The

M is taken as 0.74 for this study. The total
mortality coefficient (2) is estimated as per
Beverton and Holt (1956) method based on the

equation Z=K (Loo-L) where in L is the annual

L-Lc

average size, L¢ is the size at first capture, Lo
asymptotic length and K growth canstant, The Z
was higher in podivalai and olaivalai, moderate
in hooks and line, low in paruvalai and trawl net
and the average Z for this species in Tuticorin
waters is 3 94 (Table 6).

Yield per recruitmant: The yield per recruitment
of this species for the age at first capture 0.6456
years at different fishing mortality coefficiants
and M K ratios 1.0, 1.5, 2.0, 2.5 and 3.0 are
shown in Fig. 3. For the prevailing M/K ratio
1.5 and age at first capture, the maximum fishing
mortality cosfficient which can bring the
maximum vield of 666 g is 0.75 [Fig. 3]. Beyond
this fishing mortality rate the yield per recruit
declines from the maximum level. Higher the
M/K ratio and lower the yield per recruit and
the F max increases in accordance with M/K
ratio [Fig. 3].

The yield isopleth diagram drawn from the
vield per recruitment obtained at varying age at
first capture and fishing mortality coefficients
for the M/K ratio 1.5 is shown in Fig. 4, The
line A-A and B-B represent the eumetric fishing

TABLE 6
Estimates of total mortality coefficient (2) obtained as per Beverton and Holt
(1956) method for different gears for Lethrinus nebulosus from the length freguency
data collected 8t Tuticorin.

Gear Year L. {(mm} Le (mm) Le (mm) Z F
1982-83 2101 158.0 148.0 6.07 6,33
Podivalai 1983-84 180.7 148.0 136.0 10.05 9.31
1984-85 178.4 1380 130.0 8.15 7.41
Paruvalai 1983-84 533.2 4400 3956.0 1.95 1.21
1984-85 5250 445.0 402.0 2.3 1.567
Hooks & 1983-84 480.5 435.0 310.0 4.37 3.73
Line 1984-85 4320 438.0 316.0 4.61 3.87
Olaivalai 1982-83 97.5 50.0 46.0 7.65 6,91
1983-84 127.0 55.0 43.0 4.87 4.13
Trawl net 1985-86 375.76 196.0 1568.0 1.38 0.64
Average 319.0 2560.3 208.3 3.94 3.20
tc = 0.6456 Yrs. tr = 0.5092 Yrs,
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Fig. 3. Yisld per recruitment of Lethrinus rebulosys
tar the prevailing ags at first capture (0.B4B8 Yrs) at
different M/K ratios and various fishing maortatity:
cosffic‘ants and the vield mex and F max
are indicated for sach M/K ratio.

curve and maximum Ssustainable vyield curve
respectively. The vield per recruit is diretcly
proportionate to the increase in age at first
capture and fishing mortality rate upto a certain
level, beyond which'the vield does not increase
and it is not commensurate with the effort input,
Hence, further increase in effort beyond this
level may become uneconomical. In podivalai
the average size at first capture is 148 mm

which can yield 580 g at the F max' of 0.5,
Whereas the F during 1982-85 was on an average
nearly 156 times higher and the same : condition
prevailed in respect of olaivalai and hooks and
line with little variation in F. However, in
paruvalai and traw) net the effort expended just
coincided with F max which could lwing in the
yield max for the respective age at first capture.

Optimum sge of exploitstion and potsntial
vieid per recruit; '
The optimum age of exploitation {[ty] is
defined as the age when the brood attains its
maximum weight and the potential yield [Y']) is
the gquantity corresponding to this weight as a
function of infinite fishing intensity [Berverton
and Holt, 1967]. The optimum age or exploit-
ation is estimated to be 2,15 vyears when it
gttains a size of 561 mm and the potential yield
per recruit estimated by the method of Krishnan
Kutty and Qasim [1968] is 1340 g which is
indicated in the yield isopletn’ diagram.

NEMIPTERUS JAPONICUS
Gréwth: .'I.'-h-e growth of N. jap'c-ahfr-:dsf:was
estimated to be : P

196466 . 1966.66 - -1986-67.

305:43mm  208.7 mm ~ 302:63 mm
03141 . 0648 . 02941
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Fig. 4. isopleth diagram for yisld per recruit in gram of Lethrinus nebulosus population
in Tuticorin waters, Guif ot Mannar, Thi eumatric fishing curve (fine AA), maximum
Sustainable yield curve (line BB) and potentiel yisld per recruit of 1340 g are also shown,
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by Krishnamoorthi {1971] from the data collected
from landing of Government of india vessels
[trawlers] operated along Andhra-Qrissa coast.
The same data were subjected to the integrated
modal progression analysis as already explained
[Pauly, 1980] and the tracing of modes are shown
in Fig. 5. The average lengths are shown in
Fig. 6 wherein the empirical growth curve of
this species is fitted through the plots. Froem
this curve it is estimated that this species attains
alength of 102, 1560, 183, 211, 23b.5, 255,
271.6 and 284.5 mm 0 0.25, 0.50, 0.75, 1.08,
1.28. 1.50, 1.76 and 2.00 years and based on
these data growth parameter, L &, K and t, were
estimated as per Bagenal {1955] method. The
growth in Jength [mm] of this species may be
expressed as non Bertalanffy growth equation
Lt =336 [1-e -0-3808 (t+0.0419)], The growth
in weight based on the length weight
relationship Log W = - 3.7432 + 2.5239 Log L.

.
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Fig. 6. Flots of modes in the length frequency against
respactive manths and trecing of the progression
of modas in subsequent months for Nemiplerus
faponicus trom Andhra and Orissa coast.
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Fig. 8 Fiiting of growth curve through the plots of
average lengths attained by Nemipterus faponious
in consecutive months obtained from the
analysis shown in Teblg 12.

may be expressed as
Wt = 7.3889 [1.9 .0 9688 (t+ 0-0679)]9,

Mortality retes: The natural mortality coeffici-
ont [M] is estimated to be 1.85 from T max of
this species and the independent estimate of M
as per Pauly [1980] is 1.6. The M is taken as
1.85 for this species in this study. The total
mortality coefficient [Z] estimated according to
Beverton and Holt 11966]) method sre shown in
Table 7. The Z increased from 2.91 in 1964.65
10 3.03 in 1866-66 and to 3.83 in 1966-67.
The gear selection factor estimated from the left

TABLE - 7.
Estimates of total mortality coefticiant (Z) obtained as per Beverton and Holt (1956)
method for Nemipterus japonicus during 1964-67 from the length
frequency data collected at Visakhapatnam.

Gear Year L (mm) Lc {(mm) Lr {mm) Z F
1964-66 189.7 166.0 142.0 2.9 1.06
1965-66 180.2 136.0 116.0 3.03 1.18
Trawinet
1966.67 189.0 156.0 144.0 3.83 1.98
Average 189.6 149.3 134.0 3.13 1.28
234
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side of the catch curve [Pauly, 1984] was used
to obtain the age of first capture [t] and the
age at recruitment [ tr ].

Yisld per recruit.: The vield per recruitment
of this species for difierent fishing mortality
cosfticient [ F ] for the prevailing age at first
capture 0.6815 years for 3 different M/K ratios
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Fig. 7 Yiold per recruit of Nemiptorus japonicus tor
the age ot fivet capturs (9 6815 year) stdifferent M/K ratios
and various fishing mortality costficient and the yield max
and F max sre indicated for sach M/K ratio.

are given in Fig. 7. For the prevailing age at first
capture and M/K ratio of 1.9, the fishing intensity
which can bring in the highest yield is 7.0 and
the vield is 48.2¢g. Higher the M K ratio,
lower the yield per recruit and higher the
F max, (Fig. 7). The yield isopleth diagram drawn
from the vyield per recruitment obtained at
varying age at first capture and tishing mortality
coefficients for M/K ratio 1.9 is shown in Fig. 8.
The eumetric fishing [line A-A] and maximum
sustainable yield curve [line B-B] are indicated
in the figure. The yield isopleth diagram
clearly indicates that the then prevailing age at
first capture 0.6815 vyear is sufficiently high
enough 1o permit further increase in effort. The
yvield also increases with the F upto 7 and
commensurates with the effort input [Fig 8].

Optimum age of exploitstion and potential yislo
pér recruil.

The optimum age ol exploitation for this
species is estimated to be 0 86 years when it
attains a length of 186 mm and the potential
yield is 55 g which is indicated in the yield
isopleth diagram {Fig. 8).
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Fig. 8. Isopleth disgram for yield per recruit in gram of Nemiprerus jaconicus

population in Andhrs and Origea coast.

The sumetric fishing curve

(line AA), - maximum sustainable yield curve (line BB) and
potential yield per racruit of B8 g are also shown.
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DISCUSSION

The annual perch production of India has
increased three fold compared to the landings
in 1969. This is mainly due to mechanisation
of the fishing fleet and introduction oi small
scale mechanised rawlers in India, As seen
fiom the perch catch by dilferent gears, the
trawiers have landed the major protion of the
caltches and threadfin breams were the dominant
group. Mechanised fishing over the two
decades has changed nor only the fishing pattern
but the constituent fisheries also. The introduc-
tion of high opening bottom trawl for pair
trawling operations by gear technologists of the
EAQO project on development of small-scale
fisheries under Bay of Bengal programm®e
(BOBH) founded by Swedish Inter-national
Development Authority [SIDA] has generated
graat interest among the boat owners resulting
In intense fishing effort by pair trawling which
yield notonly higher catch than the conven-
tional trawler bui aiso fishes of large sizes. The
perches landed by these units at Tuticonn are
always large insize and four times higher in
quantity than the other conventional units as
the pair rawl units could venture into deeper
waters and could sweep wider area also.
Further expansion of this type of fishing operat-
ion and increase in the fishing effort along the
west and east coast of India is expected to
increase not only the general fish production
but perch production also considerabty.

Considering the indyvidual - species, the
yield per recruitment shown in yield isopleth
diagram for L. nebulosus [Fig. 4] indicate that
this species presently faces higher fishing
prassure by gears like podivalai, olaivalai and
hooks and line as the prevalling fishing morta-
lity rates are higher than the 'F max’ which can
bring in the highest ;yield. As the gears
piesently employed do not aim at expioiting
particularly this specieg and this study confines
only to Tuticorin waters, it is difficult to advo-
cate any regulatory measure at this stage. The
study on the population dynamics of N.
j8ponicus raveal that the age at first capture
[0.6815 year] is sufficiently high enough as it
is close to the optimum age of exploitation

[0.86 years] and there is scope for increase in .
the fishing effort as the fishing mortality rate-
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can be as high as 7. Sush studiss on: oth¥
component species of threadlin breams are
most essantial for proper fishery management
of the perch resourcas as the threadiin breams
constitute the major portion of the perch catch
by trawlers in India,

Nearly a decade ago Jones and Banerji
[1973] expressed 1he scope for the incroase
in perch production in view of the potential
yield from the Indian waters. James et af
[ 1986] have mentioned the poteantial yieid of
‘various commercially important species reveal-
ingthe prospects for increased production in
the country. The survey by the Integrated
Fisheries Project has ravealed apart from the
major resources, several potential .nanconven-
tional resources like the big: eye; Pridcanthus
spp., the Indian drift fish Psenes indicus and
Centrolophus niger. Modernization of small
country craft is a good sign of progress in the
fishing industry. Diversified fishing operations
in.relatively deeper waters is also advaocated to
get increased yield. '
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POPULATION DYNAMICS OF OTOLITHES CUVIERI
- (TREWAVAS) OFF BOMBAY WATERS

Sushant K. Chakraborty
Bombay Research Centre of Central Moerine Fisheries Reseasrch Institute,
Army & Navy Bldg.. 2nd Fir, 148, M. G. Road, Bombay-400 001,

ABSTRACT

Studiss on the age and growth and population dynamics of Ofolithes cuvieri {Trowavas) based
on the data collected for » period of six years from 1979-B0 to 1984-85 off Sombay waters are
reposted here. Thig species artains 170 mm, 280 mm and 318 mm at the end of first, second and
third years of its life respectively. The von Bertalanffy's growth paramostars sstimated were &s follows:
Lo = 395 mm, K = 0.5331 (annust}. w = 0. 06246 years. Using the length-weight relationship
formula Wa was calculated a3 615 gms. Instantaneous rates of total, natural and hishing  morality
wore estimated a3 2 = 2.64, M = 1.30 and F = 1.34. Exploitation ratio (E) and the explojtation
rate (U) ware found to be 0.50 and 0.47 respectively.

Tha annual aversge yield at tha present rate of exploitstion is
to the to tal stock of 1619.66 tonnes and standing stock of 570.264 tonnes.
undertaken
incraase in the eoflorts wouid be datrimental to the

as 788.13 wnnes. The Invastigation
optimally exploited. Thus any further
of this spesies.

INTRODUCTION

Sciaenids are the chief constituents ol
the frawl catch at Bombay contributing about
7% of the total trawl catch. Though it is a
multispecies fishery, O. cuvieri contributes about
35% of the total sciaenids. Estimation of age
and growth of Indian Sciaenids have been
done on Pseudosciaena discanthus by Rao
[1961, 1971 a and 1971b] and Rac [1971].
Otolithus brunneus by Kutty [1961] and Jaya-
prakash [1978] and Johnjeops vogleri by
Muthiah [1982] from the waest coast of India
and on Pseudoscisens coibor by Rajan [1964]
and Johnius (Johnius) carutta by Murty [1986)
from the east coast of India.

The present investigation deals with the
estimation of von Bertalanffy’'s growth para-
meters, mortality, and vyisld per recruit of
Orolithes cuvieri basad on the data coliected
from the year 1979-80 to 1984-85 at New
Ferry Wharf Jetty, one of the major landing
contres of Greater Bombay.

MATERIAL AND METHODS

Catch and effort data of commaercial
trawlers were collected from New Ferry Wharf
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763.815 tonnes as compared
The MSY was estimated
indicates that the stock of O, -cuvieri is
fishery

landing centre of Greater Bombay by the
field staff. Woesekly observation was taken for
iength and species composition. The estimated
numbers in each length group were raised to
day’s catch and subsequently to month’'s
caich. Length data wese grouped into 5 mm
class intervals for growth study. Scatter
diagram technique of Devaraj [1902a] has
been employed for the praesent study. The
modal lengths in the frequency data were
first plotted in the form of a scatter diagram
against the co-ordinates of length starting
from zero upwards on  the ordinates and the
time in months on the abscissa. The trend of
progression of modes through time was then
indicated by the eve fitted lins. The fitted line
was extrapolated free-hand with reference to
the intermodal slopes so as to intersect iton
the time axis indicating thus the time of brood
origin, the number of broods per year class and
also the growth of aach brood. Growth was
expressed by employing wvon Bertalanify’s
[1938] growth equation.

Ly = L oo [1-8-k[tt,] ]
L o and K were estimated by using Ford-
Waiford plot of Ly 4+ V against Ly given by

|.1+1='-L00[1-0'k]+8-|‘ L
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and t, was calculated by using the following
expression

-Loge [L‘”—'L‘
CD

] =Kt + kt

Length-weight relationship was fitted using
the well known formula-

W= albor Log w=Loga + b [Log L]

Instanteneous rate of total mortality [Z]
was estimated by [a] Length converted catch
curve method ot Pauly [1982] by using the
relation-

Log e[N/At] = a + b.t

where A't" is the time taken to grow from
lower limit to upper limit in each length
class, ‘N’ is the numbers caught in each

o

length group, is the y-axis intercept and
‘b* =2 with the sign changed and ‘t' is the
mid-paint in each fength group. Here only
the descending right limp is taken for the
estimation of ‘Z°,

[b]l Alagaraja‘s [1984] method by the equation
given as-

“ r L oo-Ls + At
log [Nt+AUNt]=R =loge { T Tw il }

Where Ly and Ly - At are successive mid values
of each length class whose frequencies are Nt
and N + At It was considered that ‘Z° is
constant for the entire size range of the catches
in numbers at successive age, Ct and Ct At are
proportional to Ny and Ny + Ay,

[c] Beverton and Holt's {1956] formula

2 _[Lo-)
K~ LC-Le

Where L oo and K areé the parameters of von
Bertalanffys growth equation, L is the mean
length in the range L¢ to Lo, Natural mortality
coefficient ‘M’ was estimated by Cushing's
[1968] formula using the expression

2Z=M= = Loge

tmex-t N¢ max,

Where Ny is the number of one year old fishes
and Nimax the numbers at maximum age in a

BULLETIN 44

fish population.

The second method employsd
for the estimation of ‘M’ was that of Pauly
{1980 b] given as-

Log,s M=0.0066 - 0.279 Log ;o L = + 0.6543
Logis K + 0.4634 Log T

where L @ isincm, K is annual and T is in
temperature in °C. Here T of 28.2°C was taken
from Bapat ef a/. [1982]. The rate of exploitation
[U] and the exploitation ratio [E] for ditferent
years were estimated.

The yield in weight per recruit was estimated
by using dynamic pool model of. Beverton and
Holt [1967].

Maximum sustainable yield [MSY] .was
calculated by using Corten‘s [1974] rnothod
given as s

Y, = X,-Y, .
X

“where X, is the Yw/R ingm at present value of

F and Y, is the corresponding vield in mnnes
and X, is the Yw/R in gm at Fyax

MSY was also estimated by using Guiland'
[1979] formula given as ‘

Py= 2t X0.5 XBt in the usual notatioh.

Potential yield per recruit and optimum age
of exploitation was estimated by the equation
developed by Krishnan Kutty and Qasim [1968].

RESULTS

Age and Growth: This is based on the data
collected for a petiod of five years from 1980-
81 10 1984-85 at New Ferry Wharf landing
centre. Since smaller fishes were not
represented in the traw! catch samples were also
collected from ‘dol’ netters from 1981-83 in
order to supplement the data [Fig. 1]. The
smaliest fish obtained from trawl and dol net
were 956 mm and 26 mm respectively, The K,
L o and t, were estimated as 0.5331 [annual].
395 mm and - 0.06246 years, Plotting of Ly +1
against Ly Ford [1933] and Walford [1946] gave
a linear relationship [Fig.2]. This fish attains
170 mm, 260 mm and 318 mm at the end of its
tirst, second and third year of it :Iif_e. The actual
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growth obtained by modal progression and the
calculated growth obtained by VBGF is given
in Fig. 3.

Length-weight relationship: Individual length
snd weight of 336 males 326 females were
analysed separately for both the sexes. The
formula obtained thus is-

Males Log W= -5.237499 + 3.0831 Log L
Females Log W=-4.71967194+3.0347 Log L

The differences between the regression
coefficients of sexes were tested for its signifi-
cance by analysis of covariance following
Snadecor and Cochran [1967]. The difference
was found to be not significant at 59, level,
Hence the data of both the sexes were pooled
together and a common formula was obtained
for the calculation of W o,

LogW o = 6.3311 XL x 3127248
giving W o of 615 gms.
{r2= 0.966 and S. E.= 0.0623]

nortality Estimates : Estimation of total mortality
coofficient [Z] by three methods and their
average is given in table 1, The Z estimated
by length converted catch curve IFig. 4] and
Beverton and Holt's methods was slightly higher
as comparéd to Alagaraja’s method. Average
estimate of Z= 2.64 obtained by these three
methods was taken into consideration for funher
calculations.

Fishing mortality coefficient was obtalnad
by substractlng M from Z given as-

= 2,64 -1.30=1.34

Total stock and Standing stock: Year-wise
annuat yield in tonnss, F, M, Z, E, total stock
(Y{U) and standing stock (Y/F) are given in
table 2. The average yield during this period
was 762.815 tonnes as compared to total and
standing stocks of 1619.66 tonnes and 569.264
tonnes respectively.

Yield per recruyit studies: By using the
length-weight relationship Wwo of 6156 gms
was estimated at L o of 395 mm. The length
of the smalleat fish observed in the trawl catch
was 95 mm and its age was estimatad as 0.5
vears. This was taken ag age at first recruitment
[tr]. Average of the annual length, length
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TABLE 1

Estimation of Z by three methods and their averages

Year Alagaraja’s Length convarted Beverton and
method catch curve Method Holt's mathod
1979.80 1.53 2.15 2.16 1.94
1980.81 1.20 3.17 2.25 2.20
1981-82 1.32 . 2.37 1.73 1.80
1982-83 2.7 3.22 315 3.02
1983-84 3.60 4.1 2.98 3.56
1984-85 2.59 3.1 4.25 3.32
215 : 3.02 2.75 2.64
TABLE 2
Year-wise details of annual yield, fishing mortality, exploitation ratio,
exploitation rate, total and standing stock
Year Catch in tonnes F ‘ M z _ E U YU Y/F
1979-80 729.637 0.64 1.30 1.94 0.329 0.282 2587 365 1140.057
1980-81 1047.603 0.90 1.30 2.20 0.409 0.363 2886.958 " $164.003
1981-82 709.718 0.50 1.30 1.80 0.277 0.231 3072.37 1419.436
1782-83 474.86 1.72 1.30 3.02 0.569 0.541 877.74 276.081
1983-84 870.403 2.26 1.30 3-56 0.634 0.161 1411.388 385.134
1984.85 744.665 2.02 1.30 3.32 0.608 0.638 1167.186 368.646
Average 762.815 1.34 130 2.64 0.607 . 0471 1616.56 569.264
‘E* and ‘U’ have bsen estimated from ‘F' and ‘2’ in average column.
TABLE 3
Estimation of MSY by Cortsn and Gulland's method
Year z Yietd in MSY by Gulland's Yw/R at Yw/R at MSY by
tonnes Mathod Present F Frmax Carten’s Mathod
(in tonnes) {in tonnes)
1979-80 1.94 729 637 1105.856 17.9721 24,0832 976.6505
1980-81 2.20 1047.603 1280.403 21,2989 24.0832 1184.55
1981-82 1.80 709.718 1277.492 17.9821 24.0832 950.5616
1882-83 3.02 474 86 416.882 23.9045 24,083 478,405
1983-84 3.56 870,473 685693 24.0416 24,0832 871.982
1984 85 3.32 744.685 0611.952 24.0618 24,0832 745.327
Average 2.64 762.818 %*761.429 *23 3096 = *24.0832 *788.131
Nolr averages
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Fig: 4 Estimation of Z by length convertad
catch curve method :

freauency distribution of six year period showed
the smailest mode at 149 mm. This was taken
as the length at first capture [tc] the correspo-
nding age being 0.8 years.

The yield curve (Fig.5) shows that Yw/R at
the present Fof 1.34 is 23.30944 gms as

compared to Yw/R of 24. 0832 gms at Fmax of
1.95 gms,

The vield isopleth diagram depicting the
isolines of vield for varying levels of tc on the
tc on the y-axis and E on the x axis was
prepared from the yield table [Fig 6]. Both
eumaertric fishing curve (BB') and MSY curve
AA’ converge at a point on the yield isolpeth
diagram vertically sbove Fom giving potential
yield per recruit of 27.4726 gms.
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Following the formula deveioped by Kutty
and Qasim [1968] the potential vyield per
recruit of 28.1334 gms was estimated at
optimum age of expioitation of 1.4856 vears,

Average MSY obtained for this six year
period by Corten’s [1974] and Gulland's (1879)

method was 788.131 and 751.42 tonnes
respectively.
DISCUSSION
Gulati [1987] estimated the first and

second year growth of O. cuvieri as 183 mm
and 282 mm respectively, which are higher, to
those estimated in the present study. The
growth parameters estimated by him were
Loo = 33066 mm, K =0.93034 [annual] and
te = -0.00269 years. L oo of 395 mm estima-
ted in the present study is close to the largest
size of 359 mm observed in nature,

‘Z* estimated by Gulati for the year 1972-
73 and 1983-84 by Jackson’s method was 1.45
and 1.64 while the ‘M* estimated by him was
1.45 and 1.64 respectively. In the present
investigation ‘M’ of 1.30 and 1.1 was estimated
by Cushing’'s and Pauly’s method respectively,

Stock assessment studies undertaken by
Guiati are based on the data of 1983-84 and
the total and standing stock of 56,294 tonnesand
27.572 tonnes was estimated by him as com-
pared to 1619.66 tonnes and 569.284 tonnes
in the present investigation for a six year period
from 1979-80to 1984-85. The vast difference
is due to the fact that Gulati has estimated
the total and standing stock of whole of Maha-
rashtra state based on his observation at New
Farry Whaif Moreaver, 'F’ is 0.19 for the year
1983-84.

From the present study it is seen that the
average annua!l yield of 0. cuvieri during this
period is 762.81 tonnes as compared to the total
stock of 1619.66 tonnes and standing stock of
£69.26 tonnes. The vield per recruit curve shows
that Yw/R in gms is at 23.30844 gms at the
present level of F= 1,34, 1.= 0.8 and E of 0.507.
It can be increased to 24.0832 gms at F=1.95
gms and E= 0.60. The catch may increase
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bayond E = 0.80 with further increase in fishing
efforts though the same may not be economical.
Moreover, from the biological point of view it
would be detrimental to the fishery leading to
its virtual collapse.

Gulland [1971] has stated that optimum
exploitation ratio [E] gives a rough idea if a
stock is overfished or not on the assumption
that the optimum value of E [E = opt] is about
or equal to 0.5, The present E of Q. cuvieri is
0.807 which indicates that the stock of this
species is optimally exploited and any further
increase in the fishing effort may be harmful for
the general health of the stock.

It can thus ba concluded that the stock of
0. cuvieri is at present being optimally exploited
and at the present E there is no threat for the
deplstion of stock,
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OBSERVATIONS ON PELAGIC FISH EGGS AND LARVAE
IN THE COASTAL WATERS OF TUTICORIN

Pon. Siraimestan and R. Marichamy _
Central Marine Fisheries Resasrch Institute, Cochin-682 031.

ABSTRACT

Quantitative estimation of pleagic tlsh eggs and larvas which occurred inthe ptarkton collecuions
of Tuticorin coast during 1976-86 indicated their abundarce in space and tima A rimodal cycle in ths
distribytion of fish eggs and larvae with peaks in February-March, June-July and Septembi-Qctobar

was obsefved, indicating the spawning seasons. A maximum occurrence of 7,584 ¢ggs

contributing to

80.6% in the composition of total 200plankton was recorded in October, 1578 ceinciding the permonsoan
seasan. Hydrologicel and metsorologica! teatures of the area in relation to the distribytion of fish eggs
and Sarvae ars briefly discussed. A variety of types of eggs and larvae sorted in the collections indi-
cated the area at an important resourcelul ground in the fishery map of Southeast coast of indis.

INTRODUCTION

The most important factors that influence
the fishery of a region is the magnitude of
spawning intensity, egg production and avail-
ability of plankton which forms diet of the early
developmental stages. It is essential to follow
the cycle of events in these aspects so as to
give valid predictions ragarding the naturel
fluctuations in the abundance of fish stock. In
comparison with the considerable amount of
knowledge available on the Ichthyoplankton of
Indian coastal waters, practicaily little is known
on this aspect off Tuticorin in Gulf of Mannar.
Chacko (1950) has describad the eggs and larvae
of sixteen species of fishes from Krusadai Island.
Nair and Bhimachar (1950) have described eggs
of el from Gulf of Manner. Bapat (1955) studied
the occurrence, distribution and development of
tish eggs and larvae of the Guif of Mannar and
Palk Bay. Based on the occurrence of fish eggs
Marichamy and Pon. Siraimeetan (1284) observed
the maximum spawning period as March-July
and existence of an inverse relationship between
the larval population and other major zooplank-
tonic organisms. The present paper deals with
the gross quantitative variations of fish eggs
and larvae in plankton of the inshore waters
with reference to environmentel conditions and
general inter-relationship. of  zooplanktonic
organisms. The work was carried out during
1976-856, covering a stretch of 30 km along the
Toticorin coast in 6-20 m depth
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MATERIAL AND METHODS

Regular weekly or fortnightly samples of
zooplankton were collected from fixed stations
between 06.30-08 30 hours as surface tows for
10 minutes  using a half metre ring net made of
nylobolt of 0.4 mm mesh size. The estimates
were made as number per 10 minutes haul.
Data on hydrological factors were also collected.
The samples were preserved in 5%, formalin.
Fish eggs and larvae were counted numerically

_in the whole samples. The percentage compo-

sition of fish eggs and fish larvas were calculated
in relation to other major zooplanktonic organ-
isms, monthwise, to make the results comparable
and for determination of peak spawning period.

RESULTS
Influence of hydrological factors

Observations on the environmental characte-
ristice ware made to see their influence on the
distribution pattern of fish eggs and larvae and
the spawning season of commercially important
fishes, The monthly average values of rainfall,
surface temperature, salinity and volume of
plankton in ralation to the occurrence of fish
eggs and larvae are depicted in Fig. 1. K may
be seen that there was a maximum rainfall in

‘November (169 mm} with a secondary peak in

April (34 mm). Bimodal agcillatipn of surface
temperature and salinity was noticed with two
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peaks in April and October. It is significant to
note that a maximum number of fish eggs and
larvae were collected during March and October

indicating the spawning season during this
premonsgcen period. A third prominent ssason
for the occurrence of fish eggs and larvas during
June was also noticed although the rainfall
was poor. Fish eggs and larvae of one kind or
other were present almost throughout the year.
Generally, an increased volume of zooplankton
was recorded during February (10.3 ml), June
(15.9 ml) and September (15.3 ml} coinciding
more or less the peak season of the occurrence
of fish eggs and larvae and spawning of other
organisms.

Seasonal veriations in the abundsnce of
fish eggs

The percentage composition of fish aggs
in zooplankton caollections made during 1976.85
are presented in Table 1. It may be seen that
the general trend of distribution was more or
less identical during the period of observation
of ten years. Certain types of eggs were collected
round the year with definite peaks in particular
months, indicating a protracted spawning
season. An increased composition of fish eggs
with certain exceptions was recorded in three
seasons in a yeari. e. February-March, June-
July and again during October-November. In
the rest of the months, the fish eggs were
accounted either in low or negligible percentages.
Fish eggs constituted a maximum of 80.5
percentage in the plankton composition during
October, 1978 whereas in the corresponding
vonth of 1985 no eggs were present in the
coltection, The occurrence of fish eggs was
comparatively high varying from -1,098-2,390
during 1976-1980. The percentage composition

TABLE 1. .
The Percentage composition of fish eggs in plankton
Year Jan Feb Mar Aptil  May Jun Jul Aug Sep  Oct Nov  Dec
1976 — 222 1749 176 1.9 6.0 1.7 49 13.7 5.1 1.6 9.6
1977 216 288 3.5 58 228 11 147 285 166 9.0 1.1 0.2
1978 8.7 42 302 180 85 135 248 7.5 145 805 — 1.6
197¢ 35 235 16.6 63 43 — 6.7 0.5 — 0.2 255 27
1880 14.2 256 8.6 6.2 87 99 — 0.1 22 4.8 96 06
1981 — 147 3.2 0.8 1.9 — 1.1 0.5 0.3 — 24 30
1982 200 108 190 308 98 17.7 349 4.9 2.7 1.9 0 8.2
1983 04 041 3.5 7.8 02 04 34 — 03 02 06 23
1984 19 40 208 02 21 05 3.6 0.6 1.2 07 03 08
1986 1.3 1.2 1.4 1.0 1971 0.2 0.1 50 0 0 1.7 0.2
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of fish eggs was gensrally poor during the years
‘1981, 1983 and 1985. Ouring these years
the rainfall was also considerably low
(260 mm-520 mm).

From the characteristics features of the fish
eggs as described by Delsman (1926, 1929,1931),
Chacko (1950), Nair (1952) Bapat (1955) and
Venkataramanujam and Ramamoorthi (1976) the
presence of clupsid eggs, eggs of Stolephorus,
Carangid and eel were noticed in most of the
months. Eggs of Stolephorus were found with oil
globules and embryo of advanced stages with
two peak seasons, February-March and June-
August and measured at 1.0-2.1 mm size They
were more common in the collections made at
Punnakayal tranch.

Seasonal veriations in the occurrence of fish
/arvae

The occurrence of fish larvae in plankton
was observed round the year with three distinct
pesks in a year during February-March, June-July
and September-QOctober. During September-
October normally an increased trend in the
surface temperature and salinity was noticed prior
to the onset of northeast monsoon (Fig. 1). The
observations revealed that some fishes spawn
during this seasan. Similarly, there was peak
occurrence of fish larvae during late February
and March coinciding low temperature and
salinity. This is indication of another spawning
season. :

The percentage composition of fish larvae
in plankton are givenin Table 2. The data
indicate differences in the abundance of fish
larvae in the plankton collections showin¥
spawning seasons In 1978 a maximum
percentage of fish larvae was seen in the
plankton in January than in the rest of the year
including the usual spawning months, Likewise
another unusual trend in the occurrence of f ish
larvae was noticed in August as seen in 1981
and 1982 In 1984, the fish larvas were found
in negligible percentages in February-March and
in the rest of the months they were compietaly
absent.

Identification of figh larvae was possible for
more common fishes with available published
information. The size of the larvae, peak period
of occurrence and the ground of predominant
collection as well as its percentage composition
in total fish larvae are tabulated and given in
Table 3. Of all the groups the occurrence of
larvae of Stolephorous spp. was high (31.5%)
during February-March and again during August-
October in the size range of 2.3-8.5 mm. They
were mare common in the collections made
at Punnakayal trench and off Spic coast. The
larvae of Sardinella spp occupied the second
rank and the peaks were noticed in summer,
March-May and October-December, The percen-
tage composition was accounted to 155 They
were measured mostly in the size 3.1-6.3 mm.

TABLE 2

Percentage composition of fish larvae in plankton

Year Jan Feb Mar April  May Jun Jul Aug Sep Oct Nov Dec
1976 —_ 0.4 3.0 0.9 0.4 02 0.1 02 0.7 0.1 0.2 0.9
19877 3.7 5.4 0.1 0.2 0.1 03 0.1 oA 0.5 0.1 0 0.1
1978 26 0.4 0.2 0.8 1.4 03 0.2 01 0.1 0.1 _ 0.5
19879 04 1.0 0.7 0.1 2.1 — 1.3 0.4 — 0.4 0.8 0
1980 1.0 4.7 0.4 0.3 0.5 05 — 0 0.4 0.4 0.6 1.4
1981 —_ 0.6 0.3 0.4 0.3 - 0.8 1.6 ¢ — 0.4 1.6
1982 1.7 1.7 1.4 0.8 1.1 . 0.8 2.3 — 0.1 0.2 o
1983 0 0.1 28 0 0.1 0.1 0.1 —_ 0.2 — — 0.2
1984 0 0.1 0.2 0 0 0 0O ' ¢ 0 (H 0
19856 ¢ 02 0.3 0.1 0.4 0.1 - 0.1 21 0.1 0.1 0.1 0.1
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TABLE 3.
Distribution of idantified fish eggs and larvse in the plankton of Tuticorin coast.

Ground

Ne Name of fish Size range Percentage Peak season
length-mm composition
l Fish eggs February-March and
Stolephorus spp. 1.0-2.1 21.0 June -August
I Fish larvae :
1. Stalephorus spp. 2,3-85 31.5 Fabruary-Marce and
August-October
2. Sardinella spp. 3.1—-6.3 156.5 March-May and
Qctober-December
3. Euthynnus sffinis 2.7-3.8 0.1 August
4. Jstiophorus
platypterus 29-49 0.2 February-March
§. Rastrelliger
Kanakurta 3.7—-38 0.2 July-August
6. Caranx spp 36—94 0.2 November-Dacembar
7. Hipdocamus 921956 02 November
8. Bslone spp. 46—5.2 0.1 May
9. Hemirhamphus
obtusus 19.0-25.0 0.1 January-February
10. Leiognathus spp 23-=-30 0.6 May
11. Exocoetus spp. 6.1--7.4 01 February
12. Balistes spp 38458 0.1 February
13. Gobius sp. 59—-87 0.2 December
14, Sphyraena spp. 10.6—11.0 1.0 February
15. Syngnathus spp. $51.0—80.0 0.1 March

Punnakayal trench
and O Valinokkam

Punnakayal trench
and Off Spic coast.
Punnakayal trench
and Off Spic coast

Off Manapad
Off Maﬁapad

Off Manapad

Punnakayal trench and
Off Manapad

Off Spic coast.
Punnakayal trengh

Punnakayal trench
Punnakayal trench
Off Valinokkam
Tholayiram paar
Off Spic coast
Off Manapad

Off Spice coast

Larvae of Euthynnus affinis in the range of 2.7-
3.8 mm were observed in August, in the collec-
tiens made off Manapad. It is significant to
note that the tuna fishery has a peak season
during this same period and most of the speci-
mens were found to have fully advanced stage
of eggs. This observation further confirmed the
spawning season of the species in this ground.
The larvae of Jstiophorus platypterus were
collected during February-March in this same
ground. The characteristic features of the
larvae are the sharp, pointed snout and smaller
oyes as described by Jones and Kumaran (1964).
The larvae of Leiognethus spp were noticed in
May from Punnakayal ground. The juvenilas
and larvae of Carenx spp were recorded in the
size 3.6-15 mm during November - December.
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Sphyraena spp. constitute an important fishery
in this region. The larvae of this group was
noticed in the size 10.6-11.0 during. February

inter-ralationship with othar zoopankters.

Definite peak seasons ware racordad for the
occurrence of larvae of other organisms such as
bivalves, gastropods, decapods and the dicyclic
pattern of dominance of these organisms
closely followed or coinciding with the abun-
dance of fish eggs and larvae. Appendiculsrians
were also seen in high numbers during this
corresponding season of February-March, June
and in September-October. An inverse
relationshop was exhibited between the occurr-
ence of fish eggs and larvae and other major
zooplankters like Lucifer,
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DISCUSSION

The surface temperature and salinity exhibited
a bimodal cycle of oscillation in the course of
the year while th occurrence of fish eggs and
larvae registered three peaks in the year, during
February-March, June and September-October,
Two maxima were observad in the records of
rainfall, during April and Novembsar, and the
peak distribution of fish eggs and larvae noticed
in the preceeding months March and October
indicated the premonsoon spawning season of
some pelagic fishes. However, the peak
occurrence of fish eggs and larvae observed in
June do not show any significance to the hydro-
logical or rainfall variations, except the
coincidence of the high volume of plankton in
this month. Bapat (1965) recorded a bimodal
occurrence of fish eggs during March and
September-October, corresponding to the low
surface temperature and salinity period in
Mandapam  area. Marichamy and Pon.
Siraimeetan \1944) abserved two peaks in the
distribution of rish jarvae, the primary one in
January-February and tne secondary 012 in
June-July during 1973-74 associated with the
low temperature and salinity in Tuticorin area,
The present observations reveal the similarities
as well as distinct differences in the spawning
behaviour of fishes in Gulf ot Mannar, when
compated with the earlier works. As observed
by Bapat (1955), the presence of majorsity of
the types of the eggs in varying numbess during
a greater part of the year indicate the protracted
breeding season in many species in this region
Also Panikkar and Aiyar (1939) observed
active spawning of many species during the
monsoon season and attributed it to the
outbreak of rains as influancing factors even in
continuous breeders. The occurrence of eggs
and larvas of Stolephorus spp during February-
March and again in August-October indicated
the biannual spawning season of the fish in
this region. Prasad (1954) opined that the water
in Gulf of Mannar are subject to conciderable
influences from the adjacent seas and maint-
ence of 8 planktonic population depends upon
a balance of dynamic factors, such as drift of the
water and its interaction with its environment
as well as upon the rate of reproduction and
mortality of the population. Abrupt changes in
the percentage composition of fish eggs and

BULLEFINGS

larvae noticed during June-August may also be
due to the influence of surface currents as they
may bring or carry away the plankters in the
areas of investigation.

Unlike Mandapam area where two peaks in
the abundance of fish eggs and larvee had
been reported, in the present study thres peak
periods of occurrencef had been recorded in the
Gulf of Mannar off Tuticorin coast.
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PROSPECTS AND PROBLEMS OF MANAGEMENT AND
DEVELOPMENT OF THE MARINE MOLLUSCAN
RESOURCES (OTHER THAN CEPHALOPODS) IN INDIA

K. Alagerswami and M. M. Meiyappan
Central Marine Fisheries Research Institute, Cochin-31

ABSTRACT

Typical of tropice, India has a large variety of molluscan resources in the coastsl
The clam resources consisting of species
Viltorita and others have been exploited by the fisherfolk from time immemorial for
Subsoil deposits of sheils form a major resource in some of 1he

in the estuaries and backwatars.
Paphla, Anadara,
taod as also for their shells,
and backwaters,

in certain reglons.
Windowpans oysrer

The sea musssl

Turbo end Trochus, which are confined to certsin

not known except Pirula,

Oyster resources (crassostrea)

Placenta is restricted in its distribution but is well exploited.
resource has been unproductive since the early sixties.
regions and are heavily exploited OQther
gastropods used in shellcratt industry are thinly spread out.

watars. and

of Merelrix, Katelysia,

astusries
Perna forms a moderate yesource which is under intense exploitation
ate not extensive but collected hera and thers,

The pearl oystar
Tha gastropod resources consist mainly of Xafcus,
ornamental
Deepsea molivscan rescurces, it any, are

Owing to manmade changes including pollution, the distribution and abundance of the molluscan

rgsources, especially those in the estuaries and backwaters, have changed and will be subject to

turther

change, if left unchecked The level of exploitation has also advanced from subsistence to  mechanised
operation, though on a smeli scale, on cartdin regources for industrisl uses. During the last tive years
export of frozen clam meat has increasad, Some of the molluscs ate emarging 68 souwice matarial  for
bioactive substances, Taking an ovarall view of these changes and their prebable sffects on the resources,
the future of the molluscan rssources, which were ance considered substantial, does not appear to  be
ancouraging, unless management and conserv&tion measurss aa evolved and implemented. Many States
have considered the shells as a mineral resource and are oparating them under leasing/licensing arrangements.

Based on the available data on exploitation of shsllfish resources., an attempt has besn made to
estimate tha ali-India production of molluscs which approximates to about 70.000 t per anaum {(excluding
cephalopods). The paper lays stress on adopting a nationat policy on mansgement and development of
the shallfish resources and bringing them under the mainstream of fisheries develapment  programmss.
Resource inventory, enviranmsntal monitoring, depuration ot shelifish, transplantation, sea-vanching
market research and screaning for biosctive substances are indicated as future research and development
needs. Management measures required are outlinad as legisistion on shellfisheries, holistlec review of

Isasing policies of Stata Governments and control on expoit of clams and ornemental moliuscs.

iINTRODUCTION

india has a wide variety of molluscan
rasources (Hornell, 1951). The cephalopods
share a common environment with the dominant
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moarine finfish species and, therefore, are
caught in fishing gears operated for the pelagic,
midwater and demersal resources, Management
and devalopment problems  concerning
cephalopods are in common with those of finfish
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resources. The bivalves and gastropods are the
sedentary groups of molfuscs which generally
form the basis of subsistence fisheries in the
coastal waters, estuaries and backwaters and
the management and development problems
are different and distinct. The present paper
concerns itself with these sedentary resources,

Culture of molluscs is excluded from its
purview.
Useful faunistic information on marine

bivalves and gastropods of India has been
published (Mornell, 1951). Also accounts on
the fishery for these molluscs have been given
by several workers (Rao, 1958; Alagarswami
and Narasimham, 1973; Jones and Alagarswami,
1973; Mshadevan and Nayar, 1973, Narasimham,
1973; CMFRI. 1974; Rasalam and Sebastian,
1980) Basic biology relating to age, growth,
food and repraductive cycle has also been worked
out for several species of importance (Abraham,
1983; Nayar, 1955; Rao and Nayar, 1856; Jobi,
1963; Ranade, 1964; Alagarswami, 1966;
Narasimham, 1968). Some estimates of produc-
tion for a few areas are seen in the published
literature (Silas et al., 1982). A few spot
surveys of molluscan resources have been
carried out at different times (Alagarswami and
Narasimham, 1973; Jones and Alagarswami,
1973, Narasimam ef a/, 1984; Nayar et af,
1984]. What has been lacking is an overall
picture of the magnitude of the marine molluscan
resources of the country and, as a result, produc-
tion of molluscs goes unaccounted in the
marine fish production estimates of the country,
in order to develop a national strategy for
management and development of molluscan
resources such information is necessary. The
paper, for the first time, makes an attempt to
arrive at an all-India eatimate despite an
inadequate data base, with the expectation that
this will motivate efforts in future to correct and
refine the estimates at the State as well as
national levels. Specific R & D needs and
management problenis of molluscan resources
have been discussed.

MOLLUSCAN RESQURCES AND
PRODUCTION
Clam resources

The clam resources are more dominant in
the backwaters and estuaries than onthe sandy
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beaches. Generally they are more abundant
along the west coast than on the 6ast coast.
Among the bivalves, the clams are regularly
fished and utilised because of the relatively
simpie method of collection by handpicking or
using small canoes withscoop nets, Men,
women and children &are engaged in the
collection. Among the molluscs the clam
resources offer the greatest subsistence fishery
potential to the coasial fishermen. The species
exploited are several and the most important
ones are Villorita cyprinoides. Mersirix casia,
M. maretrix, Katelysia opima, K. mermorata,
Paphia malabarica and Anadara  granosar

Available production esumates are skeichy
and limited to a few centres. These are
generally based on enquity. Some of the
tecent esumates (Silas etal 1982, CMFRI,
1931-82; Narasimhsm, ef a/; 1984; Rao and Rao
1985; CMFRI, 1986) are given in Table f.
For the purpose of arriving at an estimate of
exploited resources at all-India level, certain

reasonable approximations are made @ as
follows: :
Estimaled Appioximate
Siate clam proguctio (1)  production (i}
{vide Tabie 1} . -
Gujarat . —
Maharashtra 1,100 2,000
Goa 890 1,000
Karnataka 8.21g 10,000
Kerala _ 32,340 35,000
Tamii Nadu & Pondicheiry _730 1,000
Andhra Pradesh 2,700 3,000
Orissa - 1,000
Woest Bengai — —
45,970 - 53,000
For this purpose, considering the npature
of coastline and reported resources, clam

exploitation in Gujarat, West Bengal, Andaman
& Nicobar Islands and Lakshadweep is ¢onsi-
dered as nil.

Oyster Resources

The oyster resources are distributed
throughout the coastal areas in the estuaries,
backwaters and creeks. The most important
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TABLE 1

Estimated annusl production of clams in the maritime States of Indis

Annual
Area Specios Production
)
Msharashtrs
All estuaries Meretrix meretrix, Katelysis opima, 1,100
K. marmorats and Paphis laterisulca
Sub-total 1,100
Goa
All estuaries Meretrix casta and Viliorita cyprinoides 890

Karnataka
Netravati estuary

Gurpur estuary
Mulki estuary

Udayavara estuary
Swarna estuary

Sita estuary
Coondapur estuary
Uppunda estuary

Kalinadi

Kerala
Vembanad Lake

Ashtamudi Lake

Tamiinadu
Vellar estuary

Andhra Pradesh
Kakinada Bay

Godavari estuary

M.

v.

casta
cyprinoides

Paphia malabarica
V. eyprinoides and M. casts

M.
M.

TS =

=XK<

casta and P. malabaiice
casia

cyprinoides and M. casta
. Casta

malabarica
. merstrix M. casta
cyprinoides and K. opims
malabarica K. opima

. casts and M. maeratrix

. meretrix P. malsbarica
cyprinoides

cyprinoides

opima

cyprinoides

Andhra granose

M.
M.

meretrix
maeretrix

TOTAL

Sub-total 8390

230
160
640
640
3,100
250
20

380

640

160

2,000
Sub-total 8,210

21,900
5,440
5,000
Sub-totai 32,340

730
Sub-total 730

2,000
400
300

2,700

45,970

Sub-total
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species is Crassostres madrasansis which has
a wide distribution along the entire east coast
and south-west coast. It is replaced by C.
gryphoidas in the north-west coast. Saccostres
cucuilats occurs in the intertidal rocky areas
throughout the mainland coast as well asin
Andaman and Nicobar lslands and Laksha-
dweep The oyster beds are found in patches
and except for an extensive bed at Ennore
estuaty in Tamil Nadu, they are small and
dispresed in other regions,

Some- estimates of standing stocks of
oyster have been made for a few centres
but production estimates are very sketchy.
Oysters are collected at some centres near
the cities of Bombay and Madras for
supplying to hotels and at centres in Maha-
rashira, Goa, Karnataka and Kerala for local
consumption. The exploitation estimates made
are 100t from Mulki, 75t from Coondapur
and 5)t from Sita estuaries in Karnataka
totalling to 225 t, against the standing stocks
of 244 1, 383 t and 91 t respectively (Rao and
Rao, 1985). In the absence of any other
data, conisdering the collection and consum-
ption pattern indicated by Alagarswami and
Naragimham (1973), the annual production of
oysters in India would be of the order of
760-1000 tonnes whole weight.

Musse! Rasources

Exploitation of the green mussel Perns
viridis is confined to the northern Kerala
coast from Calicut to Cannanore and the
estimated annual production is sbout 2,900t
{Kuriakose et &/, 1987). The brown musssl
(P. indica) landings in the southern extremity
of Kerala are about 600 t psr annum (CMFRI
1983-84). Elsewhere along the Indian coast
mussel production is negligible. although
collected for local consumption in places
such as Ratnagiti, Goa, Karwar and Cochin.
Small mussel beds occurring along the east
coast in Cuddalore, Pondicherry, Ennore.
Kakinada and Chilka lake are not exploited.
Thus the annual production of mussels in
india wouid be around 3,500t,

Windowpaene Oyster Resources

The present distribution of windowpane
oyster (Placenta placents) resource in comm-
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ercially exploitable quantities is limited to the
Gult of Kutch, Kakinada Bay and Nauxim
Bay (Zuari estuary in Goa) However, it is
likely that this resource occurs in saveral
other regions as well, though in smatler
quantities.

In Gulf of Kutch it is distributed from
Sachana to Okha, with heaviest concentration
in Pindara Bay (Varghese, 1976; Sarvaiys,
1982; Pota and Paiel, 1987) The standing
crop estimates at Goomara, Poshetra and
Raida were 90 lakhs, 12 lakhs and 1 lakh oystars
Varghese (1976} estimated an annual produc-
tion of 45,00,000 oysters for a season of
5 months. The fishery used to be leased
out for a term of 3 years upto 1978. But
subsequently, the term of lease has been
reduced to annual basis and, as reported by
Pota and Patet (1987) the fishery is continuous
throughout the year currently vielding about
£0,00.000 oysters per month. At an average
weight of 70 g per oyster (12cm size} the
annual production of windowpane oyster is
calculated to be about 4,200 tonnes. The
pearls collected are sold for pharmacautical
uses in indigenous system Varghese (19786)
estimated the pearl yiald at 2 g per 800 oysters,
At current production of about 600 lakh oysters
per annum, the annual production of pearls
from this fishety can be estimated to be
150kg. The shells which from about 85%, of
whole weight of the oyster /. e. an estimated
3,570t per annum, go for industrial uses,

Kakinada Bay is anotherrich ground with
an estimated stock of about 8,945 t of window-
pane oyster and about 43,348t of shells of
dead oysters (Murthy and Narasimham, 1979),
More recent estimate of standing stock was
12,420 t (Narasimham ef af, 1984). The
annual production by the fishery is about
5,000 t. The pearl vield of windowpane oyster
in the fishery will be about 98kg at an
estimated vield rate of 1 kg of pearls per 51 t
of oysters (Murty and Narasimham, 1979).
While small quantities of shells (right valva)
are exported, the bulk is used in the production
of shell-lime. The meat is not utilisad at
present.

The windowpane oyster resource of Nauxim
Bay in Goa is relatively small. According to
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Achuthankutty et al. (1879}, about 8,000-10,000
oysters are fished per day thoughout the year
except during theé monsoon season. At an
average of 160 dsys of active fishing per yeer,
the ebove production would amount to about
100 tjannum. About 359, of the population Is
reportied 1o contain pearls. However, the oysters
are collected for the meat which is consumed
locally and for the shells. The pearls are not
collected from the oysters,

From the estimates made as above, the
windowpane oyster production in India from
the three areas would amount to about

9,300 t/annum. The yield of seed pearls would
be around 250 kg/annum which is used entirely
in the pharmaceutical preparations of medicines
under the Indian systems.

Psarl Oyster Resources

The pearl oyster Pinctada fucata populations
in the Gulf of Mannar and Gulf of Kutch are
highly fluctusting. During the present century
the Gulf of Mannar resources vyielded pearl
fisheries in 1908, 1914, 1926-28 series and
1965.81 series, Except for the above 12 vears,
the natural beds were not productive during the
romaining 75 years upto now. The most
successful series of 1956-61 fishery vyielded an
average annual production of 109 lakh oysters,
with the minimum of 11.75 lakhs in 1957 and a
maximum of 214.77 lakhs in 1968. Taking the
weight of 46 g for a three-vear old oyster
(fishery minimum}, the average annual production
during the above period was 488 t.

The resource in the Gult of Kutch is of a
much smaller magnitude yielding to fishery every
two or three years upto 1967 but failed there-
after. Between 1950 and 1967 there have been
only 7 fisheries with an average production of
about 19,000 oysters amounting to 0.86 t per
tishery.

By reason of their high fluctuations with a
very low productive cycle, the pearl oyster
resource may be considered more a bonus than
a regular resource at present.

Chank Resources

The sacred chank Xancus pyrum has been
exploited from time immemorial. The major
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resources accur in the Gulf of Mannar, particul-
arly along the Ramenathapuram - Tirunelveli
coast. Chanks are also caught along Thanjavur-
South Arcot - Chinglepet coast, The coastal
region of Kerala from Quilon 1o Trivandrum has
moderate chank beds The Guif of Kutch has a
limited resource. About 909, of the production
comes from skin-diving and the rest as incidental
catches in the bottom trawl nets and gilinets
Aimed hook & line fishing for chanks is
conducted at Vizhinjaum. Some production comes
from Andaman and Nicobar islands. There is
some fluctuation in the landings in all the
regions. The production in numbers is averaged
for the recent years as follows:

Tamil Nadu:

Tirunelveli coast _ 8.77,000

Ramanathapuram coast —_ 3.00.000

Thanjavur-South Arcot-

Chinglepst coast —_ 40,000
Sub-total 12,17,000

Kerals:

Quilon-Vizhinjam coast - 22,000

Gujarat

Gulf of Kutch — 12,000

Andaman & Nicobar — 5,000

Total 12.56,000

The minimum legal size for capture is 64mm
maximum shell diameter in Tamil Nadu and the
weight would be about 360 g. However, larger
chanks weighing upto more than a kg are
landed in good numbers. It is estimated thag
annual chank production in india will be about
1260 tonnes.

Trochus and Turbo Resources

The top.shell Trochus niloticus and turban-
shell Turbo marmoratus form fishable beds in
Andaman and Nicobar Islands. These resources
were exploited clandestinely by shelifishing
boats of other countries since 1926,  After

detailed studies on the two species made by

Amirthalingam (1932) and Rao (1939), exploit-
etion of the shellfishes was brought under the
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control of the Administration, under the Andaman
and Nicobar lslands Fisheries Regulation 1938
and rules were made under Notification of 1956.
The lsland territoty was divided into 9 zones,
namely Cape Price to Mayabunder, Cape Price
1o Austen Strait, Mavabunder to Long Island,
Long island to Shoal Bay, Shoal Bay to
Chiriatapu, Chiriatapu to Port Mouat Ritchies
Archipelago, Nicabar Central group and Nicobar
Southern group. The fishing rights for each zone
are auctioned. The minimum legal size for
collection is 9 cm for T, niloticus and 6.35cm
for 7. marmoratus. The annual production ranges
400-600t of T niloticus and 100-150t of
7. marmorstus (Appukkuttan, 1877).

Ornamental Molluscs

Besides Turbo and Trochus from Andaman
and Nicobar Islands and Xancus from mainland,
several species of gastropod shells are available
in the Indian waters, The Gulf of Mannar, Palk
Bay, Gulf of Kutch, Andaman and Nicobar znd
Lekshadweep are some of the areas where rich
resources of ornamental molluscs are available.
The shells available are Strombus, Chiragra,
Cassis, Cypraea, Harpa, Conus, Cymbfum, Oliva,
Murex, Cymastium, Tibis, Babylonis, Fistularis,
Fusinus, Umbonium etc. As ornamental shells.
these are invaluable. The shells are regularly
collected, cleaned, polished and marketed locaily
in several coastal towns in the form of shellcraft
articles and also exported. In 1981, the maximum
of 1,256 t of sea shells valued at Rs. 32.6 lakhs
were exported {(MPEDA 1987), The annual
average of exports during 1981-83 period was
333t valued at Rs. 16.39 lakhs. The unit price
of export value for the sea shells from 1981
through 1985 was Rs. 2.60, Rs. 11,90, Rs. 7.20,
Rs 31.00 and Rs. 13.00 per kg. Taking into
consideration the export tonnage and domestic
sales, total annual production of ornamental
sea shells would be in the order of about 600 t.

Sub-s0il Shell Deposits

The major sub-soil shell deposits along the
Indian coast accur in Vembanad Leke, Pulicas
Lake, and Cocndapur and Swarna estuaries,
Besides, minor deposits occur in several other
places such as Athankarai, Kovalam backwaters,
Pinnakayal and Valinokkam in Tamil Nadu and
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other estuaries in Karnatska. The production
from Vembanad Lake includes about 53,000t
collected by fishermen cooperative societies and
about 96,000t dredged by the factories for
production of calcium carbide and white cement
(CMFRI, 1986). Exploitation in Pulicat Lake is
around 57,000t (Thangavelu and Sanjeevarsj,
1987), in Kovalam backwaters about 3,000t
{Thangavelo et &/. 1987) and in Coondapur
and Swarna estuaries about 50,000t (CMFRI,
1986), Production from all other areas may
amount to 25,000t Thus, approximately
2,78,000 t of sub-soil sheil deposits are
mined”’ and used for industrial and shell-
lime making purposes.

Export of Molluscan Products

Besides cephalopods, small gquantities of
other molluscan products are exported from
India. Clams Keatelysia opima, Villorita cypti-
noides and paphis malsbarica form the main
item which entered the export trade for the
first time ip 1981 and picked up on a con-
tinuous basis. The products and wvalue of
molluscs exported are given in Table 2.

It is worth noting that the average unit
price for frozen clam meat per kg was Rs. 710
in 1987, Rs 21.30 in 1982, Rs. 12.50 in 1983,
Rs. 14.00in 1984 and Rs. 14.30 in 1985. The
percentage of counis/grades exported in 1982-83
were 300/600-2.03%, 500;700-19.26%,, 700/
1,000-48.27%, 1.000{1500-27.96%, and 1,500/
3,000-2.48. The smalier sizes 700-3,000 counts/
kg together form 78.71%,. With the increase in
quantity exported, much smaller clams,
popularly termed ‘baby clam’ in the sxport
trade, have been exploited increasingly.

Estimated annual production of molluscs

No attempt has been made so far to get
a total estimate of production of molluscs in
India. With the sketchy data available fora
few of the species at soms centres and making
reasonabls projections to fill up the gaps,
an sattempt has been made here for the first
tima to arrive at atotal production figure,
The estimate has several inadequacies but
would appear as a reasonable approximation
for ugsing in development programmes. The
estimates are given in Table 3,
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TABLE 2

Quantity and valus of mofluscan products exported

1881 1982 1983 1984 1985
Frozen clam Q 15.6 3974 608.6 1,085.8 436.8
v 111.3 84786 7,607.8 15,2560.8 8,237.4
Canned clam Q 101 —_ — _— 18.0
v 185.8 — —_ — 196 6
Clam meat pickle Q 1.6 9.2 — — —
v 28.2 61.4 — — _
Sea shells Q 1,266.2 82.1 231.8 28.7 68.0
v 3,260.7 981.3 1,677.3 889.4 886.8
Oyster shell powder a 0.2 10.0 5560.0 654.2 200.0
vV 12.0 8106 368.0 4611 122.8

(Quantity in tonnes; Value

in "000 rupsees)

Source ; MPEDA

TABLE 3

Estimated approximate annus! production of
molluscs (other than Cephalopods) in India

Resource Ali-ndia annual
production (t)
Clams 53,0000
Oystears 7560
Mussels 3,500
Windowpane oyste: 9,300
Trochus and Turbo 6500
Chanks 1,250
Ornamental molluscs 600
Estimated total 68,900

Say 70,000 tonnes

MANAGEMENT AND DEVELOPMENT OF
MOLLUSCAN FISHERIES

National policy

The ovarall figsheries policy of the country,
as reflecred inthe main objective of fisheries
development programmes, has been augmenta-
tion of fish production, incresse in export
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products and  wslfare of
In this context fish
considered as

aarnings of marine
traditional fishermen.
production has usually been

- production of finfish and crustaceans and, more

recently  cephalopods. The development
programmes have not touched, in the least, the
other molluscan resources ot bivalves and
gastropods These resources have not been
given any recognition except treating some of
them, notably the chank, pearl oyster, window-
pane oyster and the sub-soil shell deposits, as
revenue-vielding items by the concerned State
Governments and, for this reason, ¢laiming State
monopoly on the rescurces, The export sector
has shown interest in exploitation of clams
during the last five years purely from business
motive.

These rasources remain unaccounted even
today, after four decades of planned develop-
ment of fisheries in the country. The production
estimates made at the National and State levels
do not include these items, as no estimates are
made by any agency. This situation arises from
the fact that their exploitation is dispersed over
wide areas in the estuaries and backwaters and
production in subsistence fisheries cannot be
estimated in the absence of a system to cover
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such a situation. A deliberate attempt has been
made in this paper, with all its inadequacies,
to approximately estimate the production of the
bivalves and gastropods landed in [ndia which
has given a figure of 70,000 tonnes per annum,
Similarly, the estimated production of sub-soil
deposits of shells has been arrived at 2,78,000
tonnes per snnum. The number of persons
diractly engaged in the exploitation of these
resources in various States/Union Territories
will be around 20,000. Except for the hazardous
job of diving and operation of the boats which
are done by men, a good part of the production
is accounted for by women and children. Talking
an average price of Rs 2,000/tonne of live
bivalves and gastrapods, the nominal landed
value of 70,000 t would be Rs. 14 crores. If
the averege price of shells from sub-soil
deposits is taken as Rs. 1000/tonne the value of
2,78,000 t of shells would be Rs. 2.78 crores.
Thus the total landed value of the bivalves and

gastropods can be put at Rs. 16.78 crores per
annum,

The molluscs are put to varied uses. The
meats of bivalves and gastropods have high
nutritional value., But consumption is limited,
due to its least popularity and restricted food
habits of people. The traditional use of shells
(clams and windowpane oyster} has been for
shell-lime production in village kilns. But today
the shells are in great demand in several
industries and pressure on the resource s
increasing. Being sedentary resources, greatey
demand will lead to indiscriminate exploitalion
limiting the chances of their survival and natural
replenishment  through  reproduction  and
iecruitment. Pollution and man-made changes
can affect them more severely and lead to total
destruction of beds.

In view of the facts presented above, there
is need for a greater awarensss at the National
and State level recognising these sedentary
moliuscan resources as of considerable import-
ance and to have an appropriate policy at the
National and State lavels to manags and develop
the resources in a judicious manner by bringing
them specifically under the mainstream of
fisheries development programmes.
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Research and development needs
Resource inventory

In spite of several years of fisherias research
in the country, the information on the molluscan
resources has remained fractional.  Information
available in various publications bhas besen
consolidated and given, along with the resuits
of spot surveys, by Jones and Alagarswami
(1973), Alagarswami and Narasimham (1973)
and Silas ef o/, (1982). More recently, a

better strategy was developed to bring out
molluscan resources atlas for ®ach maritime

State. The one for Karnataka is. under publica-
tion. It is realised that a single  research
organisation can not independently complete
this task within a reasonable time frames. 0
should be a collaborative effort between the
National and State organisations. The base-line
resource  information will require to be
periodically updated taking into account recruit-
ment and exploitation. Development organi-
sations in the State will be better placed for this
responsibility with technical assistance from
National research organisations.

Environmental monitoring

The distribution and abundance of the
shellfish are largely infiuenced by their environ-
ment. In a backwater or estuarine ecosystem,
the environmental paramenters play a more
decisive role than inan open bay or gulf
ecosystem. The rainfall, the amount of freshwater
discharge of the rivers, tidal amplitude,
temperature and salinity changes, changeés in
hydrogen-ion concentration, composition of
substratum, discharge of pollutants from city
sewerage, agricultural fields and industries, and
occurrence of obnoxious blooms of planktonic
organisms all contribute to the quantity and
quality of production of shellfish.,  Recent
examples of how some of these factors affect
the resources are the mass mortality of Villorita
cyprinojdes in a part of Vembanand Lake due
to problems of acidity (pH 3.65-4.856) (Pillai et
af, 1983) and instances of paralytic shellfish
poisoning in clam Meretrix casta in Vayalur on
Buckingham canal (Silas eta/,, 1982) and
Arikad on Kumble estuary (Indrani et al., 1934)
which had lead 10 death of some pgople, Strict
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enviroamental monitoring is essential in beds
from which the shellfish are exploited for human
consumption.

Dapuration of shelifish

Today, shellfish are consumed as they
are collected after cooking. The bivalves are
notorious for their propensity for accumulation
of pathogenic bacteria, heavy metals and
other pollutants as also biotoxic substances.
The PSP cases in India have bean referred
to above. Maost of the regular shelifish
consuming countries have adopted strict
standards of hygiene on the shelltish marketed,
However in'India there is no awareness of
this problem except for the experimental
depuration done at the research institutes,
There is need for bringing in minimum
regulation on depuration of sheilfish, however
small the quantities are. The development
agencies should provide the necessary mini-
mum infrastructure and facilities at the
collection or marketing centras. |f shallfish
tood is to be popularised and promoted,
a begining should be wmade to introduce
dapuration techniques even at this stage.

Transplantation

Transplantation of - shellfish is a simple
method of cuiture adopted for augmenting
production and improving quality. This is
based on the principles that seed grounds
are not always the ideal grounds for growth
and that the grow-out grounds are not always
ideal for fattening ol meat before marketing.
In India although some experimantal work
has bsen done (Narasimham. 1980; Rao and
Rao, 1983), this has not been pursued to
provide the required data for practising
transplantation on commercial basis, With
regard to edible moiiuscs, this is an important
aspect for research and extension.

Sea-ranching has potential boenefits for
the open sea resources such as pearl oyster,
chank. 7Turbo and Trochus. But in these
cases seed production has to be done in the
haicheries and the juveniles releasad ‘into
the natural beds at appropriate size. An attempt
has been made on sea-ranching of oyster
(Chellam et af, 1987). This is an area of
regearch to be followed up and required tech-
nologies for production of seed, mode of
ranching and monitoring have to be developed.
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Popularisation and  markst rasearch

Any development efforts on
should be integrated with programmes on
popularisation of molluscan meat as whole-
some and nutritious protein food and also
research on market potential. Trial marketing
of oyster product carrjed out by the Integrated
Fisheries Project of Government of India in
certain parts of the country, has shown that
the demand is high. Thers should be a
product mix of other shellfish in the effort of
trial marketing which should be done on a
wider basis. Presently it appears 1to bea
confidence crisis problem with regard to supply
and demand. The natural resources themselves
are not judiciously utilised as most clams
landed in the countty are markeied for the
shells and rarely for the meat and tha cyster
resources are undaer-exploited or not exploited
at severa! centres.

shellfish

Bioactive substance

Many marine molluscs producs toxing or
accumuiate  toxic substances. Hashimoto
(1979) classified them as follows:

1. Marine molluses which cause food
poisoning

a) Gastropods containing tetramine in
salivary gland e.g . Neptunes of Famiiy
Buccinidae.

b) Pyropheophorbide a in the digestive
gland e g., abalones Haliotis spp.

c) lvory sheil toxin in carnivorous Baby-
lonia japonica (Family Buccinidae).

d) Coral reef snails of FamilyTurbinidae.

€) paralytic shelllish poisoning species

e.g, several species of bivaives,
f) Venerupin toxin from Tapes japonica.

g) Bivalves infestad with dinoflageliate
Gymnodinium brave,

h} Japanese clam Callista bravisiphonata.

i} Giant clam Tridacna maxima from French
Polynesia.

2.  Marine moliuscs with toxic stings or bites

a) Stinging toxins in cone shells. 8. g,
geographer's cone Gastridium (Conus)
geographus, tulip cone G. tulipa, Court
cone Darioconus (Conus) aulicus, textile
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cone D). text//e and striated cone Oend-
roconus (Conusy stristus.

b) Salivary gland toxins in cephalopods-
e. g.. Cephalotoxin from Sepie and
Octopus; Eledorsin from Qctopus Eledons;
Maeculotoxin from Octopus meculosus.

3. Other poisonous marine mofluscs

8) Cholinesters in the hypobranchial glands
of Murex spp., Thais and Buceinium.

b) Toxins from salivary glands of Thais
heemostoma, and Cassis tuberosa,

c) Skin toxins from opisthobranchs e.g.,
Aplysia punctats.

d) Toxins in midgut glend of Aplysis
depilans. :

Most of these mollusts, at gensric or
specific lsvels, are available in the Indian
waters for future research on drugs from the sea.
As stated by Hashimoto (1979), even if diract
use of the toxins is not expscted, these can be
usefu! as a mode! for synthesis or improvement
of other drugs. With & rich varisty of species
of molluscs in the tropical indian waters, more
serious attention should be paid to screen the
marine molluscs for pharmacologically active
substances, e. g.. ~anticarcinagenic, antibiotic,
growth promoting or inhibiting, haemolytic,
analgetic, antispasmodic, hypotensive and
hypertensive agents’’.

Management

In the recent years, some of the maritime
States and Union Territories have legislated
Marine Fishing Regulation Acts and others are
in the process of legislating. Rules have been
framed under the Act to regulate fishing in the
sea, Thess Acts and Rules do not touch upon
the shellfish. Unless the shellfish resources are
brought under the purview of the Acts. mange-
ment measures cannnot be introduced. It is for the
Governments in the States to consider and bring
the shelifish resources under the existing Act or
make separate legisiation. )t may be noted that
the Trochus and Turbo fishery is managed under
the Andaman and Nicobar Islands Shellfishing
Rules, 1955 under section 12 of the Andaman
and Nicabar Islands Fisheries Regulation, 1938
(Regulation 1 of 1938).
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- export of clams would need to be

The Government of Tamil Nadu exercises
monopoly on the pearl oyster and chank
resources. Gujarat has a similar situation. Kerala.
has monopoly on the chank resource. The
system in the three States is concerned with the
revenue accruing from the resources without

" plans for management and development of the

resources., Several States lease out the sub-soil
shell deposit resources to private parties for a
number of years mostly through the Department
of Mines and Geology treating the shells as
minerals. These leases do not protect the
overlying live clam resources nor do they control
the damages caused to the environment through
dredging or mining Over a period of time, the
danger to the resource will be cumulative. The
pros and cons of leasing the beds for mining
shelis for industrial purposes should be examined
holistically as the pressure for the raw material
is increasing with industrial expansion.

Export of shellfish meat is recent. Clam
meat of upto 3,000 count/kg is under export.
The average price obtained is Rs. 14.30 per kg
processed meat (1985 price), The export &arning
is about Rs. 64 lakhs (1983). The policy on
re-examined
if the clams are to be considered a source of

nutrition availble cheap to the coastal rurai
population  with potential for  reaching
also the interior maikets through proper

extension strategy. In the scheme of marine
products exports of the present order of Rs. 430
crores, the contribution of Rs. 6% lakhs by the
clam is insignificant. If further promotion of
axport of clam meat is to take place, there will
be more pressure on these limited sedentary
resources which provide subsistence to severa!
thousand fishermen families. Areas of cofiection,
season, species, quantity and size for export
should be regulated unti! a policy is adopted
on the shellfish resource managemant,

A similar evaluation of the export of orna-
meontal shells from the country is also called for.
The average export during 1981-85 period was
333 t valued at Rs. 15,39 lakhs, The ornamental
mollusc resources have limited distribution and
maost of the species would take many vyears to
reach commercial size.  The species of gastro-
pods have not been studied in any manner, The
gastropods are slow to grow as compared to
the bivalves which have a shorter life span.
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Severa! species of gastropods are important as
fesource material for bioactive substances.
Under these circumstances, it may not be
prudent to continue to export the ornamental
shells, until the resources are investigated in
detail and their critical uses are ascertained.
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. THE MORPHOLOGY OF THE ALIMENTARY TRACT IN
RELATION TO FOOD OF PLATYCEPHALIDS OF PORTO
NOVO COAST (ORDER: SCORPAENIFORMES).
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Parangipettai - 608 502, Tamil Nadu, Indis.

'ABSTRACT

The interrelationships between the morphology of the alimentary tract and the food and feeding

habits
studied
noted. Bzsed on the shape and relative

in five species of flat heads (QOrder : Scorpasniformes) of the family platycephalidae were
Tha nature of teeth. gill rakers and the presence or absente ol pyloric appendices were
lengihs of different parts of the alimentary tract and the

types of food concerned tha fishes ware grouped into, (1) fish feeders and (2} Crustacean feeders,

Qualitative enalysis of the food of the five species of flat heads viz.
Thysanophrys carbunculus,

(2) Sorsogona tuberculata, (3)

{1} Platycepnalus indicus,
(4} Grammoplites scaber and

(6) Suggrundus rodericensis was also made and the results are discussed.

INTRODUCTION

The alimentary canal of teleosts in relation
to their feeding habits has been studied by a
number of investigators. Rathke (1824) was
the first to meke a comparative study on the
alimentary tract of 56 species of plaice, floun-
ders, daband turbot, Kyle (1900Q) brought out
the importance of a study of the alimentary
tract as he observed differsnces in the course of
the alimentary tract as well as in the presence
or absence of pyloric appendices in wvarious
groups of flat fishes, According to him this
cannot be used in taxonomical studies, since
the length of intestine depends on the special-
ized feeding habits. Wu {1932} observed the
pyloric appendices of 20 species of flat fishes
Norman (1934) opined that the shape of the
alimentary tract can be used for ascertaining the
generic status, contradicting Kyle (1900) who
observed distinct difference in the alimentary
tract of 11 species of flat fishes, but could not
relate it to food habits. Svetovidov (1934)
correlated the nature of food and the number of
appendices in several flat fishes. Suyehiro
(1934) concluded that since the digestive
organs of fishes depend on their phylogeny as
well as their feeding habits and may not
therefore necessarily possess similar degestive
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organs. Al-Hussaini (1847) found several
adaptational features in the structure of the
alimentary canal related to the nature of thaeir
diet in Mufloides quriflama. Gohar and Latif
(1959) studied the gut of some scarid and iabrid

fishes. Ochiai (1966) used the shape of the
alimentary tract as a taxonomic character
confirming Norman's (1934) view, Qur

knowledge of the alimentary canal of the Indian
teleosts is very much limited (Ramanathan ef
a/ 1976).

Hence the present investigation  was
undertaken to study the relstive importance of
the different parts of the alimentary tract, in five
species of platycephalids occur in gimilar
habitats. For each individual the lengths
measured were of (1) buccal and pharyngeal
cavity (from lips to end of the pharyngeai
region), (2) Oesophagus, (3) Stomach (upto the
pyloric valve), (4) intestine and rectum, and
expressed as precentages of the whole uncoiled
tract.

MATERIALS AND METHODS

The material for the present study consist-
ing of 190 spacimens of platycephalus indicus,
98 specimens of Sorsogons tuberculsta, 123,
specimens of Thysanophrys carbuncujus, 173
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specimens of Grammoplitss scaber and 96
specimens of Suggrundue rodericensis were
collected weekly from the commercial trawl
catches landed at Parangipettai. To study the
morphology of the alimentary canal of platy-
cephalids, the nature of mouth, kinds ot teeth, gill
raker, number of pyloric caeca and the position
of stomach, intestine and rectum have bean
drawn to scale in five species of platycephalids,
The relative importance of the different parts of
alimentary canal of platycephalids was invest-
igated based on the method described by Groot
(1971).

OBSERVATIONS AND RESULTS

The alimentary canal consists of mouth,
buccal cavity, pharynx, Oesophagus, stomach,
pyloric caeca, intestine and rectum.

Mouth and Buccal Cavity:

The importance of food in the daily life
of a fish is obvious and is reflectad in the form
of the mouth, jaws, teeth and so on. Thase
structures present more diverse modifications
than any other organ of the body. The present
investigation attempts to explain such modifica-
tions which are more or less intimately associated
with the mode or conditions of life, the mannar
of obtaining food and the nature of the diet
itself. Mouth is relatively very wide in P, indicus
than in S. tuberculate, 7. carbunculus, G. scaber
and S. rodericensis. The lower jaw of all

e Flo

Fig. 1. Ar-angemant of teeth in
{a) Plalycephaius indious (b} Sorsogona
tuberculata (c} Thysanoph;ys carbuncuius
id) Grammoplites scaber {e) Suggrundus
rodericensis Vo = Vumetine teeth. pa =
palatine tesh.

BULLETIN 44

platycephalids are slightly projecting forward
than the upper jaw. The mouth is provided
with vomerine and palatine teath. A ‘tongue’ is
present in all species and it is flat at the tip
than behind. Teeth are of villiform type but
those on upper jaw at the symphysial region
pointed in a crescent shaped band on vomer
and in two narrow longitudinal bands on
palatines (Fig. 1). Some on vomer and palatines
are slightly pointed (on vomer the pointed teeth
are at the end of the cresent) only in Pistypce-
phalus indicus wheteas in Sarsogona tubarculate,
Thyssnophrys carbunculus, Gremmoplites scaber
and Suggrundus rodericensis the villiform
teeth in jaws appear as two distinct oval patches
on vomer and in two narrow elongate bands on
palatines, Few teeth on vomer and palatines are
pointed, Palatine teeth is relatively very much
prominent and distinct in P. indicus whereas in
others the palatine teeth are very small. The
buccopharyngeal region is relatively lengthy both
in P. indicus and T. crabuncutus (21%) but less
in S.tuberculats (19%,) and in G. scaber and
S. rodericensis 209, each. '

FPharynx :

The pharyngeal cavity is relatively narrow
than the bugcal cavity. Four pairs of gills hang
down on either side of the pharynx. Since the
platycephalids are carnivorous fishes, the roof
of the pharynx is formed of a prominent thick
pharyngeal pad divided by a median shallow
line into the right and left lobes. The pharynx
bacomes narrower posteriorly and gradually
attaining a cylindrical shape merging into the
oesophagus. Gill rakers on first arch ranges

Fig- 2. The arrangemaent of of gill rakers on first gill arch.
(s} Platycephalus indicus {b) Sorsogona
tuherculata (¢} Thysanophrys carbunculus

(d) Grammoplites scaber {e) Suggrundus
rodericensis

G.F. = Gil Filamant G.A. = Gill Aigh
G.R, = GIill Rakers,
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from 3-4 in P. indicus, 2-5 in S tuberculats,

2.3 in T. carbunculus, 2-4 in G. scaber and 2-6

in S. roderibensis (Fig 2). Each gill raker is
provided with numerous serrae in all the 5
species of platycephalids. These spines are
microscopic in nature however there is no
significant variation between them.

Oesophagus:

The oesophagus is a short, slender, cylin-
drical tube constituting 7% in P. indicus, 4% In
S. tuberculata, 6%, each in T. carbunculus and
G. scaber and £9, in S. rodericensis. The walls
of the oesophagus are thick and the mucosal
folds run longitudinally. The junction of the
ossophagus with the stomach is marked exter-
nally by a stight constriction. Relatively small
oosophagus (4Y%,) is evident in S. tuberculata of
all the species studied. Another unique adapta-
tion of oesophagus is the great distensibility.

Stomach end pyloric casca ;

The stomach is divisibla into two regions
the anterior cardiac region, and the posterior
pyloric region in-all five species of platycephalids.
This difference is visible externally as well as
internally. In the cardiac region is a small out-
growth of tube from posterior or anterior part of
the cardiac region (Fig.3) The stomach is
relatively large and distinct in S. rodericensis
{17%,) followad by P. indicus and §. tuberculsts
{16%4). Relatively small stomach could be seen
in G scaber and 7. carbunculus among the
representative of platycephalids (Fig. 4). The
relatively largs stomach in 8. rodericensis may
be usefull to accommodate the large sized
organisms on which it feeds (Fig. 3s).

Though the pyloric appendices are well
developed in all the species of platycephalids,
intraspecific variation is significant in this
structure. The pyloric appendices usually ranges
from 910 10in P. indicus, 4105 in 8. tuberculata,
7 in T. carbunculus, 510 6in 8. rodericensis,

Intastine and ractum :

There is a distinct constriction bstween the
stomach and the intestine has a single ascending
loop and 2 desending loops. The intestine and
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Fig. 5. éShape of the alimentary tract af
ta} Pialycephalus indicus {b)
tuberculata {c)
(d) Grammoplites scaber (e}
roderjcensis.

Sorsogona
Thysanoperys carbunculus

Suggrundus

P = Pharynx O = Qesophagus 5= Stomach
I = Intestine R = Ractam.
Fib- 4
Sorcmt LI LY P L Y L1l T
E-indigs 10 3
$ hubeeuial 10
T satbuncubini b
Dacger 10

Seouencenmi 10 S

w&mo-pﬂumm

- Stomuch
EE]- ousaphopx - srevine ont Grcum
Fig 4. Relative tengths of differant parts of the alimentary
tract of

Platycephalus inbicus,
Thysanophrys
scabar.

Sorsogona fuberculala
carbnnculus. Grammoplites
Suggrundus rodericensis.

rectum are relatively lengthy in 8. tuberculata
{61%) followed by T. carbunculus and G. scaber
(60% each), S. rodericensis (58%), and P. indicus
among the representatives of platycephalids
(Fig. 4). The rectum is wider than intestine and
its walls are also thick in nature. A narrow
constriction is apparent between the rectum and
intestine (Fig 3).
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DISCUSSION

Norman (1934) rightly pointed out that the
shape of the digestive tract provides a useful
taxonomic character but he failed to correlate
the shape of the digestive tract with the nature
of food.

From the results of the present study on the
morphology of the alimentary tract in relation
to food in five species belonging to five genera
of the family Platycephalidae it is possible to
distinguish 2 groups of platycephalids each with
its own characteristics with respect to the shape
of the digestive tract, the intestinal loop and the
nature of the gill rakers.

Fish feeders -P. indicus,

T. carbunculus,
G. scaber and
S. rodericensis.

Group 2. Crustacean feeder—S8. tuberculata.

Group 1

The above subdivision is supported by the
relative dimension of the different sections of
the alimentary cavities together with the
oesophagus and the stomach form about 449/ of
the whole tract in P. /ndicus, about 42% in S.
rodericansis and 40% each in T. curbunculus and
G. scaber. However the buccal, pharyngeal
cavities together with the oesophagus and sto-
mach were insignificant in S tuberculata (399).
The significance of these differences couid be
explained if we consider the type of food taken
by these fishes. P. indicus, T. carbunculus,
S rodericensis, and G. scabar are fish feeders
besides smaller crustaceans in negligible amount.
Since they feed mostly on fishes, they need
a storing space which is evidently seen in the
relatively more percentage of this region.

On the other hand S. tuberculata feeds
pradominantly on the crustaceans where a
distinct stomach (39%) is not advantageous but
a lengthy intestine (61%) is useful. The structure
of the gill raker also gives an indication of the
nature of the food consumed by the fish, Gill
rakers are useful to fish feeders since they
prevent the prey swallowed alive. to struggle
out of the mouth, Therefore they have to be
large and evidsntly the gill rakers are relatively
well developed among the fish feeders (P. indicus,
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T. carbuncuius, G. scaber and 8. rodsricensis)
however not well developed and they are micro-
scopic in S. tuberculata (Fig. 2.

Further Svetovidov (1934) has stated that
pyloric ceeca increase in number with the size
of the food which is evidently true in 2. /ndicus
as a result of the present study but not true in
other species of platycephalids. Though there
is similarity in the nature of the palatine teeth
among the piatycephalids distinct and significant
variation has been observed in the vomerine
teeth of P Jjndicus which is crescent shaped
(Fig 1a); whereas in other species it is in the
form of two small patterns (Fig. 1b, c, d, @)
The well developed vomerine teeth in P. indicus
may aid in food gathering.
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Paper-32

AN ASSESSMENT OF DEMERSAL STOCKS IN THE

SOUTHWEST COAST OF INDIA WITH PARTICULAR

REFERENCE TO THE EXPLOITABLE RESOURCES °‘IN
OQUTER CONTINENTAL SHELF AND SLOPE

D. Sudarsan, M. E. John and Antony Joseph
Fishery Survey of India, Bombay

ABSTRACT

In spite of addad inputs. the incraase in marins fish production in India has besn only marginal
during the lsst several ysars. In some segmants of ths coast, exploitation of target species have
apparentty reached the level of MSY. But in the case of some other spacies. wide gaps exist between
the satimetes of stock size and the actual level of exploitetion A general awareness has rightly been
craated that shrimp-oriented growth of industry is rather limited and further addition to production
can largely be realised only by expleiting the stocks of outer shelf and continentai slope.

In this paper, an attempt has been made to assess tha exploitable stocks off southwest coast
between 8% Nosth and 15° North latitudes, covering Kergla snd Kainatska coasts. Several sstimates of
stock sizes projected by diffarent authors wers mostly based on indirect methods or fragmentary data.
Recent data available has been analysed in tha light of increase in fishing pressure and the estimates
of the resources have besn revised. _

Traw) survey data collected by 17.6 m vessels from inner shell sres up 10 50 m depth and the
data collectad by the larger veasals up 10 the continental slops a&re considerad, From the catch and
sffort data. stock density by the swept area msathod is worked out for esch depth zone separately for
Kerals and Karnataks coasts, Quantitative assassment is made on the major demersal stocks, viz., reys,
catfish. perches, nemipterids, lizard fish; carangids, bull's eye, green ays, black ruff, cephalopods,
deapsen lobsters end despsea prawns. The density indices are converted to absolute standing stock
ostimates. MSY figures for the spacies mix as wall as for the major species sre computed with due
regard to ths mortality psrameters snd present lsvel of exploitation.

INTRODUCTION during the last two plan periods, in spite of

mechanisation and addition to the lishing

The national output from marine fisheries  figet of the country. Though the potential
sector in India has been growing at slow rate ol exploitable fishery stocks in Indian seas
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have bseen placed at a higher order, the

present marine fish production is about 1.78 -

mitlion tonnas as in 1984 (Anon, 1886)1
Contributing about 30-35 percent of demersal
landings in the country, south west coast
is subject to the most intensive fishing
pressute. Even though the production is well
below the estimated assessmants of potential
yield, the trend in catches is not indicative
of any significant expansion of fishery in the
coastal belt. The shrimp oriented growth of
industry has resuited in exploitation of stocks
from a narrow coastal belt, thereby leaving
the resource in the outer shelf and continental
slope virtually unexploited. Availability of soma
of the coastal species has been considerably
reduced in recsnt years indicating signs of
strain on the stocks. Such a scenario calls
for re-assessment of the size and state of
fishery stocks in different sections of the
Indian coast. This paper attempts an assess-
mant of the stock size and sustainable vyield

levei of demersal resources off the south
west coast between lat. 8° to 15°N upto
500m depth.

DATA SOURCE

The estimates are made on the basis 6! "

data collected in  exploratory cruises of -
Fishary Survey of India vessels during
April, 1980 to March, 1987. Extensive
coverage of ditferent latitudes and bathy-
metric zones was made in the survey as
listed in Table 1. 11,315 hours sampling

was done by 17.5m vessels in the GCoastal
belt within 50m depth and 588 hours survey
was accomplished by the larger vessels Matsya
Nireekshani, Matsya Shakti and Matsya
Vishwa in the outer shelf and continental
slape.

METHODOLOGY

The density of demersal stock as well
as the major components were worked out
by applying the ‘swept area’ method. The
area covered in one hour
taking the trawling speed of 2 knots for the
17.5m vessels and 3.5 knots in case of the
larger vessels. Horizontal spread of the gear
was taken as 409 of the head rope length.
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was worked out -

The fish density per ynit area was calcuiated
soparately for Kerala and Karnataka coasts
in the different depth strata. A catchability
coeftficient of 0.5 was consideted for the
different gears except for the 34m fish trawl
oporated by Matsya Nireskshani. This gear,
having mesh size in the range of 80-4060 mm.

‘was assumad to have a reduced catchability

cosfficient of 0.4. The stock density was

further converted to absoiute biomass for
each strata in the northem anid southern
tegions and then summed up.

Due to the different ievels of exploitation,
calculation of MSY required ditferent approaches.
The coastal areas within 50m depth is under
intensive exploitation and the MSY is com-
puted by the expression Y max=0.6 (Y +MB)
where Y is the current vyield, M is natural
mortality coefficient and 8, the biomass
(Gulland, 1983). Beyond the 50m depih line
the demersal stocks are viitually unexploited
and the MSY estimate is arnved at by app-
lying the formula Y max=0J.5 M 8v, where Bv
is the virgin standing stock (Guliand, 1971).

In South East Asian demersal traw! fisheries,
the ‘above equations are generally used in con-
junction with value of M= 1,_considering_these
fishes as relatively small and short-lived. Pauly
(1983) suggests that this value .is essentially a
guess work and has been uncritically applied to
a wide variety of stocks, including multispecies
stocks, Sainsbury (1979) has discussed the
naegative consequences of its use. Gulland
(1979) has suggested a more conservative
estimate of 0.5 for western indian Ocean south
of equator, - From the catch components ‘of
demersal stocks in south west coast, severai of
the species cannot be categorised as small or
short-fived. (elasmobranchs, perches, catfish
etc). With due regard to the mortality parameters
of related species in other tropical fisheries the
natural mortality factor is roughly ‘taken as 0.5
in case of rays, perches and cat fish, 1.5 for
deep sea prawns and cephalopoads and 1.0 for
the other species. Thess values aré obviously
first approximations which need refinement with
the parameter estimations, of major spacies in
our own fisheries. :
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TABLE 13

Distribution of samipling effort and vessel & gear employed

Latitude Depth range Sampling Vessel

Periad

Gear

hours
8°.12° below 50m 6289 Utpadak & Sachetak
50-200m 1971 Nireekshani
200-500m Nireekshani
12°.15° helow 850m 65028 Pradata, Tarangini &
Anavashak
50-200m 3050 Shakti, & Vishwa
200.8500m 170 Sakthi & Vishwa

& Jan,86-March,87

April, "80-May.83

May-Sept. 83,
Aug. 85
-March,83

May, 85 Maich, 87

Aprit, 80-Nov, 84

April, 83-March,87
Aptril, 84-March 85,

24m Fish trawl
34 m Fish trawl

45m shrimp trawl

24m fish trawl

27m fish trawl
47m shrimp tawl

TABLE 2

Stock dansity and standing stock of demersal resources
along South Wast cosst between LAT. 8° to 12°N

Latitude 8° to 12°N

Depth sirata Below 50m 50-100m 100-200m 200-500m

Area (Km2) 14150 13310 3505 6180

Stock Density kg/ky? ) Density  Standing Density Standing Density Standing Density  Standing
Standing Stock [tonnes) Stock Stock Stock Stock
Rays 451 6382 157 2090 10 356 3 19
Perches 63 750 219 2915 i6 53 19 117
Cet fish 1236 17489 844 11234 4 14 —_ —
Lizard fish 149 2108 266 3640 107 375 6 37
Nemipterids spp. 1053 14900 1672 22254 2613 9157 -_— —
Caranx spp. 130 1840 53 705 47 165 — —
Priacanthus spp. 28 396 437 5816 944 3309 14 87
Centrolophus spp — — o — 91 319 1406 8589
Chlorophthalmus spp — -~ -_ — 436 1258 992 8131
QOther deep sea fishes - —_ — - —_ — 578 3572
Deep sea prawns — - - — — — 690 4264
Desp sea lobster —_ — — - — -— 570 3524
Cephalopods 196 2773 396 6271 36 126 — —
Other varieties 1608 22754 924 12289 2102 7367 106 655
TOTAL 4904 69392 4968 66124 6405 22450 4384 27094
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STOCK DENSITY AND STANDING STOCK

The density of demersal stocks along Kerala
coast ranged from 4.4 tonnes to 6.4 tonnes per
km in the different depth strata.  Highest stock
density of 6.4 tonnes per km? was recorded in
the 100-200m depth zone followed by 5.0
tonnes per km? in 50-100 m zone. The dsnsity
along Karnataka coast was comparatively low
in all depth ranges, the maximum of 4 1 tonnes
per km? being in the inner shelf areas. The
stock density of demersal resources in the
different sections of the coast are given below.

Stock density (tonnes per km?)

The density figures have further been
worked out for the major species/groups furni-
shed in Tables Il and HI. It can be seen that
cat fish and thread-fin breams constitute the
dominant varieties in the coastal areas within
50m depth. in the 50-100m depth zone, besides
the above varieties, ‘Bulls eye’ (Priacanthus spp)
forms a major component whereas in 100-200 m
thread-fin breams and 'Bulls eyver dominate the
stack, The continental slope in 200-500m
depth supports high densities of ‘Black ruff'
Centrolophus sp), ‘Green sye’ (Chlorophthalmus
sp}. deep sea prawns and deep sea lobster,

The standing stock in the two regions of the

Latitude Depth (m) coast is assessed as 1.85 lakh tonnes in lat.
below 50 80-100 100-200 200-500  8°.12°N and 1.85 lakh tonnes in lat. 8§°.12°N
8° -12°N 4.9 5.0 6.4 4.4 andd1 ‘4'7: la.kh Lc.l:fnes in tat, 12°-.1 5°N. Break
12°.16°N 41 29 3.8 37 uP etails m different bathymetric zones are
given below.
TABLE 3
Stock density and standing stock of demersal resources
along south wast coast between LAT. 12° to 15°N

Latitude 12° 0 15°N
Depth strata Below 50m 50-11m 100-200m 200-500m
Area(Km2) 1445 16950 6740 3930
Stock Donsity (kg/kmZ2) Density Standing Density Standing Density Standing Density Standing
Standing Stock (tonnaes) stock stock stock Stock
Rays 102 1444 | 46 780 49 330 2 8
Perches g8 1246 63 1068 74 499 — —
Cat fish 1445 20454 518 8780 a 546 — —
Lizard fish 66 934 126 2119 439 2659 213 837
Nemipterids spp 6548 7757 483 8187 1788 12601 - —
Caranx spp 73 1033 143 2424 13 88 — —
Praicanthus spp 363 5138 536 8085 810 5459 an 1065
Centrolophus — — 15 264 78 632 2077 8163
Chlorophthalmus spp — — — — — — - -
Other deep sea fishes — — — — — — 319 1254
Deep sea prawns — — —_ — — —_ 600 2368
Deep sea lobster - — — —_ — - 118 464
Cephalopods 84 1190 132 2237 136 917 —_ —
Other varieties 1344 19024 798 13526 302 2036 143 561

TOTAL 4113 58220 2859 48460 3amn 25417 3743 14942
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Standing stock

(100 tonnes)

Latitude Depth (m)

below 50 50-100 100-200 200 600 Total
g8° -12°N 69.4 66,1 224 27 1850
12°-15°N 58.2 485 25.4 149 1470

For stending stock estimates of major species
reference may be made to Tables !l and IlI.

POTENTIAL YIELD

The aggregste potential yield of demersal
stocks in south west coast is assessed as 2.4

lakh tonnes.

The depth wisé distribution of

the harvestable vield is estimated in Table 1V,
the gist of which is given below.

Potential yield

(00 tonnes)

Dapth (m) below §0 B0-100 100-200 200-500 Totral
Potential yield 140.8 62.6 24.2 22.8 240.2
DISCUSSION

The potential yield estimate arrived st in
this paper is below the assessments by several

earlier authors.

-y

In adequacy of data in the past

TABL

and variations in the methodoiogy adopted for
estimaton of stock density as well as MSY are
of the assessment of demersal stocks of south
west coast is given below.

Author Region depth p.vy.
latitude range (lakh
{m) tonnes)

Silas (1969) Cape Comorin-

Jones & Banerji South west

(1973)
Mitra (1973)

Joseph et a/
(1973)

Gearge et a/
(1977)

Joseph (1980)
Oomen (1985)

~ Joseph (1987)

Present study

Karwar 75-450
Coast 0-180
Kerala &
Karnataka 0-75
Kerala &
Karnataka 0-75
Kerala, Karna- 0-50
taka & Goa) 60-200
Lat. 7°.15° 0.73
Lat. 7°-13° 180-460
Lat. 7°-156° 0-100
100-200
200-500
Lat. 8°-15" 0-50
50.100
100-200
200-500

0.59

1.81

0.86

1.16
2.35
3.25
3.77
0.26
2.49
0.27
0.27
1.41
0.63
0.24
0.23

E 4

Potential yield of demersal resources slong south west cosst 8° to 15°N
‘000 tonnes

Depth stata (m) Below 50 50-100 100-200 200-600
Current St. P. Y St. P. Y St P. Y St P. Y
Yield Stock Stock Stock Stock
Rays 5.9 7.8 4.8 2.9 0.7 0.4 0.1 —
Perches 2.8 2.0 1.8 4.0 10 06 0.2 — _—
Cat fish 16.8 37.9 17.9 20.0 50 0.6 0.2 - -
Lizard fish 5.1 3.0 4.1 6.7 2.9 3.3 1.7 0.9 0.5
Nemipterids sop 30.6 22.7 26.6 30.4 156.2 21.2 10.6 — —
Caranx spp 349 2.9 3.4 31 1.6 0.3 0.2 — —
Priacanthus spp — 6B6. 28 14.9 7.5 8.8 4.4 1.2 0.6
Centrolophus spp — — — 0.3 0.2 09 06 169 8.5
Chtorophthalmus spp — — - — — 1.6 0.8 6.1 3.1
Other deep sea fishes — — — — — — —_ 6.1 3.1
Desp sea prawns — — - - — - —_ 6.6 5.0
Deep sea lobster —_ — —_ — — —_ — 4.0 2.0
Cephalopods 3.4 40 4.7 7.5 5.6 1.0 08 — —
Other varieties 106.8 41.8 74.3 258 129 9.4 4.7 —_ —
TOTAL : 176.2 1276 140.6 1128 52.6 48.0 242 41.8 228
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The present estimate is closely comparable with
the recent assessment by Joseph (1987) in so
far as the depth zones of 100-200 m and 200-
500 m are concerned. The differential approsch
and variations in the extent of area considered
in most of the earlier reports render any critical
comparison rather difficult.

The level of exploitation of demersal stocks
in south-west coast is about 1.75 lakh tonnes
per annum (1380 84) harvested exclusively from
the coastal region within 50m depth. This
exceeds the potential yield estimate of 1.41
fakh tonnes assessed here from the relative
inshore area. A cautious approach possibly
with reduction in fishing pressure on the demer-
sal stocks in the coastal belt appears necessary.

A potential vyield of 62,600 tonnes is
harvestable from the 50-100 m depth zone.
Apart from the operation by a few chartered
vessels, the resources are totally unexploited.
P Y. in the order of 5600 tonnes of cephalopods
from this strata and comparatively high stock
density particularly in the southern grounds is
highly significant. The bulk of nemipterid
stock in 50-200m is capable of supporting very
high returns in quantitative terms. Potential
yield of this group from the unexploited zone
is about 25,800 tonnes. The next stage in
development of Indian marine fishery has to be
with accent on exploitaion of stocks from 50-
100m depth zone by suitable type of vessels.

It is found that with increasing depth the
quantity of low value fish increases. But the
positive aspect of the stock structure in the
continenta! slope (200-500m) is the availability
of deepsea crustaceans in considerable magni-
tude. A potential yield of 5000 tonnes -of
deepsea prawns and 2000 tonnes of deepsea
lobster is assessed from the Kerala - Karnataka
coast with high stock density in Quilon Bank.
The area can further support an yield of 15,300
tonnes of deepsea fishes. Development of
appropriate technology for production of value
added fish products from the deepsea demersals
appears inevitable for expansion of fishery to
the continental slope. '

BULLETIN 44

REFERENCES

ANON, 1986. Handbook of fisheries statistics,
1986. Ministry of Agriculture, New
_ Delhi.

GEORGE P. C, B. T. ANTONY RAJA AND K. C.
GEORGE, 1977. Fishery resources of
the [ndian Economic Zone. Souv.
Integreted Fisheries FProject, Silver
Jubilee Celebrations 79-120 p.

GULLAND. J. A, 1971. The fish resources of
the Oceans. West Byfleet Survey,

Fishing News {Books) Ltd, For FAQ,
265 p.

GULLAND, J. A., 1979. Repoart of the FAQ/
I0P Workshop on fishery resources
of the western Indian Ocean south of
the Woestern Indian Oceari south of

squator, FAQ, Rome. FAQ/DEV|79/45:
1-37.

GULLAND, J. A.. 1983. Fish Stock Assessment

Vol.- |. A mannual of Basic Methods
223 P.

JONES, S. and S. BANERJI, 1973 Areview ot the

living resources of the Central Indian

Qcean, Proc. Symp. on living Resources

" of the sround India. Spl. publication
CMFRI 117 p.

JOSEPH, K. M., 1980. Comparative study of
the Demersal fishery resources of the
Indian waters as assessed by 17.5,

trawlers Bull. Expl. Fish. Proj. No
10:40 p,

JOSEPH, K. M., 1987, The fish resources of
the Indian Exclusive Economic Zone.

JOSEPH, K. M., N. RADHAKRISHNAN AND
K. P. PHILIR, 1976. Demarsat fishery

rasources off the South West Coast of
India. 8ull. Expl. Fish. Proj. No. 56p-

MITRA, G. N., 1973 Mothod . of estimation
- of fish abundance in the Indian seas
and steps to be taken for management
of the commaercial fisheries. Proe,

M



'ymp. on living ‘resources of the seas
round India, Special publication,
46-1564, o '

VARGHESE, R, 1986. Deep Sea
ssouices of the Scuth West coast of
ndis. Bull No. 17 IFP, Cochin,

J., 1983 'Some simpie methods
or the assessment of tropical fish

stocks. FAQ Fish. Tech. Pap. (234):
52 p. ' :

SAINSBURY, J, KEITH., 1979. CSIRO dafinind
fish stocks on NW Shelf. Austr Fish.
38 (3): 4-12.

SILAS, E. G., 1989. Exploratory fishing by
R. V. Varune. 8ull. Cent. mar. Fish.
Res. Inst. 6:1.69,



Paper -33

TREND OF THE MAJOR EXPLOITED MARINE FISHERY
RESOURCES OF INDIA DURING 1961-'85

M. Srinath
Central Marine Fisheries Rasearch Institute, Cochin - 682 037

ABSTRACT

The annval eslimated total marine fish landings in india . during 1961.°8% are given. The
contributions of the four regions namely Norih east, South esat, South west and North west to the

total landings are pressnted.

The trands in the fandings of some of 1the major exploited resources are

depicted. 'Estimstes of the potential yields of the major fishery resourcas are also Indicated. Stratsges
for monitoring and rationsl exploitation of the fishery resources are also Indicated along with the

future parspective.

INTRODUCTION

Marine fish landings in India have registered
a three fold increase from about & lakh tennes
in the early fifties to about 15 lakh tonnes in
the eighties.  The reslisation of the export
potential of the marine products especially
prawns has resulted in substantial increase of
mechanised- fishing craft mainly, the small
trawlers aiming primarily for exploitation of the
prawns, This prawn induced growth has also
helped in higher landings of other gesources
associated with the trawl fishery. Added to this
the introduction of purse seiners in the early
eighties to exploit the pelagic resources such as
oil sardine, mackerel, white bait etc., and motori-
sation of indigenous craft has helped to certain

21

axtent sustain the growth of marine fish landings.
But this process has brought in its wake con-
flicts between the traditional and the mechanised
sector. In spite of better capture techniques
there are indications, of stagnation in the marine
fish landings. The area of exploitation along
the coast is mainly restricted to 0.50 m depth
and remained so even with the technological
changes in the capture techniques. This over
intensification of effort to a certain extent might
have contributed to the stagnation. This reduced
growth rate has prompted the fishery managers
and policy makers to look beyond the 50 m
depth and advocate deep-sea fishing. At present
this venture ig still in the infant stage and
directed towards exploitation of prawns which
have better export value. The analysis of
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complex multiger, multi-species natute of Indian
matine fisheries is very complicated and
demanding. In this paper an attempt is made
to study the trends of the msjor exploited
resources. The potential hsrvestable vield is
also indicsted. Strategies for monitoring and
rational exploitation of the resources are also
given, The marine fish landings during 1961-
‘86 form the data base for the present study
covering the period from the initial stage to the
present stage of mechanisation.

THE LANDINGS

The marine fish landings in India are
estimated by the well planned multistags
stratified random sampling scheme. The total

landings in the country during 1961-85 are
given in Table-1, It is clear from the table that
the landings have increased tremendously from
6.4 lakh tonnes in 1962 to 16.3 lakh tonnes in
1984, The period under consideration is
classified into 5 groups by considering the
average landings during 1961-65, 1966-70,
1971-75, 1976-80 and 1981-85. These groups
cover the entire period from the initial stages
of mechanisation to the present stage and
designated as $1, 82, 83, S84 and S$5. The
average annual landings during these five stages
are as follows:

Stage: s s2 83 84 S5
Lendings: 7.356 9.31 12.00 13.31 15.03
(Lakh tonnes)

The average annual growth rates between the
stages are 26.6, 28.9, 10.9 and 12.9 per cent
respectively, Thus we sea that although
landings have increased over the stages, the
growth rate has declined. The maximum growth
rate bstween S2 and S$3 of 28.9% may be
attributed to intensification of mechanisstion.
This promising growth rate did not sustain over
the stages and suffered & decline in the later
stages inspite of introduction of purse seiners,
motorisation of indigenous craft and increase in
the overall effort. This may be attributed to
the fact that the area of exploitation remained
more or less the same inspite of the technologi-
cal changes in the capture techniques. For the
purpose of this paper, the arsa of exploitation
along the coast has been divided into 4 regions
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namely, North east (West Bengal and Qrissa),
South east (Andhra Pradesh, Tamil Nadu and
Pondicherry), South West (Kerala, Karnataka
and Goa) and North wast (Maharashtra and
Gujarat). The landings in the Andaman WNicobar
Istands and the Lakshadweep have not been
considered, as the aforementioned regions
contribute more than 39%, of the marine fish
landings in India, The average annual landings
in the regicns, during the five stages and their
percentage contribution to the country’s landings
are given below,

Stagewise average annual landings
in the four regions

(Figs in tonnes}

Stage N.E S.E. S.W. N.W.
S1 10320 182162 319319 219212
LA 1.4 24.8 43.4 208
S2 22642 226466 437500 233294
% 2.4 24.2 47.0 26.0
S3 25590 304315 523299 344455
o 2.4 25.3 436 28.7
S4 47489 339372 476633 485011
% 3.6 25.5 35.8 34.9
S5 68493 384231 512941 526699
o, 4.6 25.6 34.1 35.1
(% : denotes per centage contribution of the

region to the average all India landings during
the stage.

It is obvious from the above table that
although the absolute landings have been
gradually increasing over the stages, the rate
of growth has however, has been declining.
It is also seen from the above table that the
relative contribution of N. W. regions have
increasad whereas that of the South east
region remained more or less constant. The
trends in the landings of the gsome of major
resources are described below.

Elasmobranchs

There is no directed fishery to exploit
this group comprising sharks. rays and skates
The landings (TABLE %) ranged ifrom about
29,000 tonnes. in 1967 to about 70,000 tonnes
in 1983. Although there has been an increage
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TABLE

Estimated landings (in tonnes) of msjor exploited

Year 'Elasmo- Catfish Qil Other
branch Sardine  Sardines

Anch- Bombay Per- Croa- Ribbon
ovies duck ches kers fish

1961 33554 10928 167884 18764
1962 40761 19327 110299 . 195561
1863 42097 17667 63647 271173
1964 34890 22729 274333 40398
1965 32054 18916 261863 42770
1966 37469 22672 247214 64643
1967 29401 24290 266324 34980
1968 31028 23748 301446 41740
1968 35442 26803 174249 62467
1980 44048 50631 226997 56220
1971 41348 488568 209261 61283
1972 46237 42443 127568 43629
1973 44917 52642 144395 108523
1974 66054 76196 126676 - 8392]
1975 65230 68689 158240 112117
1876 54605 43540 169262 10000
1977 62216 53604 150130 66724
1978 61621 39231 168078 52838
1979 52843 48817 153971 68351
1980 57862 43745 116744 670583
1981 56009 59390 220126 61980
1882 64316 67664 205294 55496
1983 70046 60764 183706 77010
1984 57757 574156 188832 67594
19856 52804 44500 120687 60773

22103 93844 15377 29917 19516
19168 83933 8968 32439 20586
28672 91670 g797 22570 164562
25179 81342 12663 25187 25891
24377 73894 8644 23673 41921
26679 77383 12138 26032 45124
29237 74882 8337 25458 27463
18355 82407 8810 26142 25686
31436 76276 12865 35041 31722
24400 78443 13913 41903 26984
19516 71508 12993 36903 44690
18699 515670 15247 40159 36225
26394 64346 21513 87682 53106
41507 61138 36837 79261 63028
30744 99614 35232 114535 57330
30069 87075 18162 875681 64542
34033 85236 31799 99887 42407
39064 125481 49312 96379 77795
26588 126044 356567 93018 71349
33684 95505 38541 89360 62690
33383 137790 31325 82686 415669
41824 86476 45026 87247 48875
89267 100950 56141 100755 39071
74951 117742 71241 109852 53085
654514 112454 71813 101078 84403

in the landings compared to the early sixties, at
present there are indications of stabilisation
in the magnitude of landings. These groups
are mainly caught in hooks & lines, Drift/
gill nets and traw! netd. The regionwise and
and stagewise elasmobranch landings are given
in the following table.
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Elasmobranch landings (tonnes)

Stages N.E S.E sS.wW N.W.
81 272 17,842 8,650 9,903
82 469 17,641 7,926 8,928
S3 1,022 25,938 11,181 14,342
S4 3,434 23,075 10,616 20.326
85 2,800 21,614 10,626 24,610
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-1

Mavrine fish resources in indis during 1961-85

Caran- Silver Pom- Mack- Seor- Tun- Penaeid Non-
gids bellies fret ere) fish nies prawns Penaeid
prawns
26511 18763 16488 34485 1449 7805 39083 23685 94 683569
11869 18104 25678 29103 10841 2297 48261 24884 96 644244
20939 17748 17266 76980 9116 4454 410N 40522 260 655484
29830 2830 19680 23863 11160 6002 63389 31506 463  B59582
21072 27147 17892 43095 9436 3698 38085 41415 265 832777
23635 37972 17846 31959 10113 3063 66146 34768 964 890311
27797 43769 27460 29194 9854 3370 62475 31033 521 862631
19584 36385 27798 20785 12759 3309 68346 315686 1517 902948
24560 44038 24178 91837 11516 3445 72133 339684 769 913630
22413 49278 17689 139206 13410 3015 89857 ' 31834 1184 1085607
23428 32510 21000 2045756 18339 6032 72108 76734 1605 1161389
30886 32314 19007 108871 21210 5760 78361 85488 1026 980049
29200 48127 22052 79423 18700 6678 136614 66955 1394 1220240
23821 50902 22421 37462 19841 10839 114934 55244 3677 1217797
24238 39813 24987 45947 18897 11285 141713 79038 7889 1422693
3118 42445 37701 656497 20159 19322 114640 76787 10826 1352865
35739 34504 356127 62136 21119 13005 96472 73992 10006 1259782
21476 41777 41834 85233 20779 13893 129204 506562 15931 1403607
33936 655265 40427 716514 28547 26595 113666 63917 16032 1388380
30113 54400 38221 655279 26986 20371 112037 58700 113356 1249837
37345 69449 48728 48660 27553 17803 835639 61430 9548 1378457
40026 72668 49968 28007 33197 20697 110797 51148 15798 1420624
63082 91733 54290 31227 36616 16959 118203 43750 19748 1548475
658813 57122 48979 42648 36615 20354 130081 61961 20964 1630678
54704 52725 32974 81860 34078 31261 121958 67084 31586 16534728
it is observed from the above table that iandings showed a declining trend in the

during the initiat

stages

south east

region,

the major contributor to

{S1 and $54) the
landings were of more or less the same
magnitude. Then there was a sudden spurt
in the landings during which the process of
mechanisation got established in all the regions.
After this, in spite of increase in eftort, the
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the elasmosbranch landings in the country,
In the south wast region the landings seem
10 be stabilised. Howsever, in the north west
region, the landings are showing an increasing
trend. In the north east region, no definite
trend is discernible.
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Catfish

The catfish landings (Table 1) ranged from
about 11,000 tonnes in 1961 to about
76,000 tonnes in 1974. The fishery is sup-
ported by many species and are caught in

variety of gears, namely, drift/gill net, hook

& lines, trawis, purseseines, dolnet etc. The

region-wise and stage-wise landings are given

in the following table.

Landings of catchfish (Tonnes)

Stages N.E. S.E. SW. N.W.
s1 263 7.329 3,043 6,848
82 264 8,006 12,034 9,083
S3 1,198 16,763 25,164 14,637
S$4 2,051 11,373 17,663 14,764
1 8,938 8.551 18,006 22,359

in the north east region there were two ‘sudden
spurts in the landings,. from $2 to 83 and
from 54 to S$5. In the south east region the
spurt in the landings in the third stage did
not last long and there was a gradual and
inexplicable decline in the tandings, In the
South west region where 1the process of
mechanisation bagan much earlier, the spurt
in the landing occurred in the second stage
itselt and the landings in subsequent stage
were also higher, After this, thete was a
sudden fall during S4 and the magnitude
of landings remained more or less the same
in the tifth stage also. In the north west

region there is a gradus increase in the
landings.

Oil sardine:

Oit sardine the major component of maring
lish landings in India forms a major fishery
in the South west region especially in Kerala
and Karnataka. At present the fishery is
gaining importance in the South east region
namely along the Tamil Nadu and Pondi.
cherry coast. The landings during 1961.85
are given in Table-1, The feature of the
landings is characterised by its wide and
wild fluctuations over the years. The major
gears employed for exploitation are the boat
seines, gill nets, rampan, shore seines and
of late purse seines. With the advent of
purse saine, rampéns, the major gear along
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the Karnataka coast were adversely affected.
The oil sardine landings in India ranged from
1.1 lakh tonnes in 1962 to 3 lakh tonnes in
1968 and its percentage contribution varied
from 8% in 1985 to 33.4% in 1968. The
stage wise landings in the south east and
south west regions are given below,

Oil ssrdine lsndings (tonnes)

Stage S.E. S.W.
S1 34 1,73,423
sz 124 2,40,787
S3 211 1.561,355
54 439 1.50,366
55 1,878 1,81,042

1t is evident from the above table, oil sardine
has been gradually gaining importance in the
south east region, where as in the South
west region the landings exhibited the typical
fluctuating nature.

Other sardine

This group consists of other Sardinelia
spp. other than the sardinella longiceps, the
ol sardine. The landings during 1961-85 are
presented in the Table 1. Like the oil sardines
the landings fluctuated over the years and of
late there are indications of declining trend.
The landings ranged from about 29,500 tonnes
in 1962 to 112,000 tonnes in 1975 and its
contribution ranged from 3% in 1962 to 9%
in 1973 to the total marine fish landings.
As the contribution by the north west region
is negligible, the landings in different stages
in the other regions are given in the following
table.

Landings of the other sardines (tonnes)

Stage N.E. S.E. S.w,

81 1636 16,615 11,175
52 2896 31,185 10,766
$3 1644 46,194 31,683
sS4 1999 41,321 26,114
56 4248 46,675 12139

From the above table we observe that in the
order of sbundance south east region ranks first
followed by the south west and north east
regions, tn the north east region highest
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andings were recorded in the fifth stage, which
is also the case with the south east region.
In the south west region the average landings
have declined after the third stage.

Anchovies

The landings of anchovies comprising
Stolephorus spp. during 1961-85 (Table-1})
ranged from about 18,000 in 1968 to about
89,000 tonnes in 1983, the percentage contri-
bution ranging from 2 to 6. The anchovies are
mainly caught in the traditional seine nsts and
of late very large quantities are caught in the
purse seines. They are quite abundant in the
south east and the south west regions. They
are also available in the ather regions but form
a negligible proportion. The stage wise landings
in the south east and south west regions are
given in the following table.

Landings of Anchovies (in tonnes)

Stage SE. S.W.
S1 15,349 7434
$2 15,910 9178
83 13,661 12,442
sS4 18,981 12,779
$5 17.530 39543

The variations in the landings in the south east
regions are less over the stages as compared to
those in the south west region. In the south
west region the landings have gradually incre-
ased and experienced a sudden increase in the
fifth stage. This can be attributed to good
landings by the purse seines,

Bombay duck

The Bomby duck landings in India during
the period under study are given in Table-1.
This forms an important component in the north
west region comprising Maharashtra and Gujarat.
This fishery is supported by a single species
Harpodon nehereus and mainly caught in the
do! nets. Like the gil sardine, the bombay duck
landings have also shown wide variations over
the years. Ranging from about 52,000 tonnes
in 1962 to about 138000taonnes in 1981, in
which year Maharashtra recorded all time high
landings of about 82,000 tonnes. An interesting
pattern in the landings was that the landings in
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Gujarat were higher than the Maharashtra upto
1972 and from 1973 onwards the latter recorded
higher landings till now. It is also observed
that the percentage contribution of Bombay duck
in the marine fish landings of the Gujarat state
which was as high as 659, in the early sixties
has gradually declined and now forms only
about 20%, of the total fish landings in the state.
Besides, the north west region, the Bombay
duck landings are also recorded in the north
aast region, though not in such abundance as
in the north west region. The stage wise
landings in these two regions are presented
below.

Landings of Bombay duck (i/n tonnes)

State N.E. N.W.
§1 278 84,100
82 1,175 76,189
83 1,662 67.627
sS4 1,524 1,01,685
$5 2,248 1,07.816

tn the narth east region we obsarve that thare
is a general increasing trend. In the north west
region the landings showed a gradual dacline
from the first stage to the third stage. This was
mainly due to gradual reduction in the landings
along the Gujarat coast. In the beginning of the
fourth stage the landings in Gujarat improved
which along with the continuing increasing
trend in Maharashtra landings during this period
resulted in higher average landings during the
4th stage. In the 5th stage the landings
increased on an average by 69, inspite of record
high landings in Maharashtra during 1981,

Perches

This group comprises rock cods, $nappers,
pig face breams, threadfin breams and other
perches. Among these, the threadfin breams
and pig face breams dominate the total perch
landings. The total landings (Table 1) of this
group, in general, have been increasing over the
years with a minimum landings of about 8000
tonnes in 1967 to about 72,000 tonnes in 1985.
This is mainly caught in trawlnets and other
traditional seine nets. But with enhancement
of effort by the mechanised sector especially
the trawlers the perches formed on important
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component of trawler landings. The regionwiss,
stage wise landings are given below.

Landings of perches (in tonnes)

Stage N.E. S.E S. W. N. W.
S1 74 6,588 1,172 2,929
82 19 6,943 2,406 1,736
s83 103 9,354 10,685 3,985
sS4 198 10,556 17,133 6,355
55 934 20,777 20,643 11,740

It is seen from the above table that there isa
good improvement in the landings over the
stagas. In the south west region the sudden
spurt in the landings in the third stage coincided
with intensification and concentration of
mechanised effort. After this, the landings
gradually increased over the stages. The south
west region which ranked second to the south
east region in respect of landings upto the
second stage has become the major contributor
from the third stage onwards. The general
increasing trend was also noticed in the other
regions also. This is among the few marine
fishery resources showing an increasing trend
in all the regions.

Croakers

There has been a substantial increase in the
landings (Teble 1) from the early fifties to the
mid seventies after which the landings seem to
be stablized till the mid eighties, The minimum
landings were about 22,000 tonnes in 1963 and
the maximum was about 114,000 tonnes in
1975. The major gears are tiawl and gill nets.
The region wise landings over the five stages
are given below.

Landings of Croakers (in tonnes)

Stage N.E. S.E. SW. N.W.
1 721 9,380 5,008 11,797
82 1,269 12,569 5,685 11,373
83 2,535 17.847 12,4056 38921
54 4,398 24,747 13,723 50,376
86 11,448 22,717 10,761 61,126

In the northwest region, the landings suddenly
shot up during the third stage. This sudden
.increase was due to heavy landings along the
Gujarat coast.  The landings along this coast
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which were about 4000 tonnes in 1972 rose to
about 40,000 tonnes in 1973. This group which
showed a promising trend upto the fourth
stage could not sustain its increasing trend
and seemed to have more or less stabilised

in all the regions except in the north east
region.
Ribbonfish

Compared to the early sixties, tha

magnitude of the landings (Table-1 )} have
considerably increased but later on began
fluctuating during the late seventies and early
eighties. The landings ranged from about
16,000 tonnes in 1963 to about 84,000 tonnes
in 1985, the highest during the twenty five
year period. The main gears in which they
are caught are the boat seines and shore
seines. They are also caught in the dol nets,
traw! and gill nets. As the north east region
does not contribute significantly to the land-
ings, the catches in the other regions over
the stages are given below, these three
together accounting for mors than 952, of the
ribbon fish landings in the country,

Ribbon fish landings (tonnes} -

Stage S,E, S.W, N.W,
S1 15,060 4202 489
$2 16,690 8.567 6,675
S3 19,393 19,878 10,793
S4 26,142 17.124 19,627
85 15,266 12,244 22,546

During the first two stages more than haif of
tha ribbonfish landings in the country was
accounted by the south east region. After
this the landings in this region began
fluctuating. In the South west region, the
third stage recorded higher landings and
thereafter the landings started to decline,
Howaever, unlike these two regions, the north
west region has witnessed a steady increase
in the landings and during the fifth stage it
out-scored the other two regions,

Carangids

This group comprises horse mackerel,
scads, leather jackets and the other carangids,
The landings (Table-1) ranged from about
20,000 tonnes in 1968 to about 59,000 tonnes

CMFRI



in 1984, lt's percentage contribution to the
all India marine fish (andings ranged from 2 ta
4, The landings of this group in genaral, have
shown an increasing trend over the period
under study, Bulk of the landings in India
are accounted by the south east, south west
and north west regions, The landings during
the five stages are given below,

Carangids landings (tonnas)

Stage S.E, sS.w, N.W.
$1 13,824 6,652 1,383 °
82 12,524 7,100 3’370
S3 12,437 1121 2,984
S4 12,617 13533 3461
85 20655 18,346 7.480
lo the south east region, the |[anding

were of the same magnitude during the first
tour stages and improved in the fifth stage,
A similar trand was observed in the north west
region also, However, in the south west
region the landings have been gradually
increasing, This was mainly due to increased
landings in Kerala, Karnataka and Goa in
the sarly eighties.

Silverbeliias

Silverbellies are more abundant in the
South east region especially along the Tamil
Nadu coast, They are mainly caught in the
traw! nets and the seine nets, bulk of the
landings beings accounted by the trawl nets,
The landings (Table 1) ranged from 16,000
tonnes in 1961 to about 92,000 tonnes in
1983 and it accounted for2 to 6 9% of the
total marine fish landings during the period,
About 95%, of the silver bellies landings are
accoupted by the south east region and the
south west ragion, The silverbollies landings
in these regions during the five stages are
given below,

Landings of Silverbellias (in tonnes)

Stage S.E S.W,
s 12167 8266
$2 26,087 13,828
$3 26,673 13,100
S4 36,237 8,415
§5 56,408 10,422
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While the landings in the south west region
fluctuated, the landings in the south east
region gradually increased over the stages
and the contribution of the south east region
which was about 56 8%, during the first

stage increased to 82.19, during the fifth
stage. ,
Pomifrats

The landings of pomfrets (Table-1) ranged
from about 16,000 tonnes in 1961 to about
54,000 tonnes in 1983 and it accounted for
2 to 49 of total landings in the country.
This group comprises silver, black and chinese
of which silver pomfrets dominated the
landings. The lJandings in country over the
years have shown general increasing trend.
The lardings in the four regions over the
stages are given below. The main gears
employed are dift/grill net and purse seines
pomfrets are also caught in trawl and dol nets.

Pomirat landings (tonnes}

Stage  N.E. S.E. S.W. N.W,
81 243 4,497 27,82 11,819
s2 399 4,273 2,003 16,259
s3 1,124 5,348 2,454 12,959
sS4 7,893 3,625 2,687 24,337
S5 6,141 5,948 4,220 30,947

In the north east region, the landings exhi-
bited a sudden spurt during the fourth stage
and the there was a decline during the fifth
stage. In the south sastregion the landings
were more or less stable. In the south west
region the landings were more or less of the
same magnitude up to the fourth stage and
have suddenly improved during the fifth stage.
In the north waeast redgion howsever, thare was
a steady increase from the third stage.

Mackerel

Mackerel, another important marine fish
resource, has shown wide and wild fluctu-
ations (Table-1} ranging from about 21,000
tonnes in 1968 to 2,05,000 tonnes in 1971.
It is mainly caught in boat seinas, gill neis
and of late purse seines accounted for higher
landings in south west region espeacially along
the Karnataka and Goa coasts. The south
weast and south east region account for
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more than 85% of the mackerel landings in
India. Although Ratnagiri coast of the noith
west region also recorded landings, its con-
tribution is only marginal. The mackeral
landings in the south east and south west
regions over the stages are given below;

Mackerel landings (tonnes)

Stage S.E. SW,
s 4,263 34,369
82 4,546 45,884
83 10,393 81,242
sS4 9,175 57,266
86 10,737 29,858

In the south east region the landings have
improved after the second stage and remained
more or lass of the same magnitude during
third to fifth stage. Howsver, in the south
west region the lendings have gradually
declined from the third stage. Of late theie
are indications of good mackerel fishery in
the south east region especially along the
Andhra coast. In spits of introduction of the
purse seines on the south west region
especially more so along the Karnataka coast,
there has not been any improvement in the
landings.

Seerfishes

The landings of seerfish from 1961-85 are
presented in the Table 1. They ranged from
about 9000 tonnes in 1983 to about 37.000
tonnes in 1984. The species which dominate
the landings are S. commerson, S. guttstus
S. lingolstus and Acanthocybium spp. They
are caught by gill nets, driftnet and hooks
and lines. The regionwise landings over ths
different stagas are given below. More than
95% of the seer fish landings in India is
accounted by the south east, south west and
north west regions and of these south east
dominates the !andings.

Seerfish landings (tonnas)

Stage S.E. S.w., N.W.
s1 6.491 2,184 1,481
s2 6,041 2,539 2,405
s3 9,854 4,842 4,140
sS4 9,081 6,808 5,980
§6 10,686 10,243 9,277
280

It is observed from the above table that except
in the south east region, in the other regions
the Jandings have been gradually increasing. In
the south east region, however, the landings
seem 1o get stabilized from the third stage. The
relative contribution of the south east region
to the all India seerfish landings has been
gradually declining from about 62% during the
first stage to about 32% in the fifth stage,
Whereas in the other two regions their relative
contribution have been gradually increasing.

Tuna

The landings of the tuna (Table 1) ranged
from about 200U tonnes in 1962 to about 31,000
tonnes in 1985, In general, the landings have
shown an increasing trend. in all the regions
the coastal species such as Euthynnus affinjs:
Auxis spp. dominate the landings although the
oceanic species Katsuwonus pelamis and
Thunnus spp. are also represented to a little
extentin the landings. The north east region
contributes only marginal quantities to the
total tuna landings in India. The landings in
the other regions over the five stages are given
below

Tuna lendings {tonnes)

Stage S.E S.W. N.W,
$1 1,785 2,227 210
s2 1,168 1,406 352
83 1,621 4,504 6565
sS4 3.349 11,629 1,679
85 3,573 9,164 5,052

The common gear employed in all these regions
is the drift/gill net and in the south west region
purse seines also land good quantities of tuna.
The sudden increase in the landings from the
third stage, in south west may be attributed to
increase in the effort of mechanised gill netters
and the purse ssiners. The increase in south
east region may be attributed to the higher
landings along the Tamil Nadu coast espacially
in the Tuticorin area where seasonal tuna
fishery with mechanised gill netteis gained
importance.

Penasid prawns

This group is by far most important and
sought after marine fishery resource, becauss

CMFR |



of its high export value. |t sustains the trawl
fishety and comprises many species. The
landings of this group are given in Table 1,
From this, it is observed that there are indi-
cations of stabilisation of the landings. The
landings ranged from about 29,000 tonnes in
1261 to about 142,000 tonnes in 1976, Its
contribution to ths country’s total landings
ranged from 5.7%, in 1961 10 11.2% in 1974
Perhaps this is the only variety of marine fish
resources towards which there is a directed
fishery and it gained considerable importance
fiom the early seventies. The tandings over
the stages in the four regions are given below.

Penasid prawn landings (tonnes)

Stage N.E. S.E. S.W, N.W.
Sl 2,403 6,119 25,824 11,438
S2 5826 11,019 35,600 17,799
S3 2,138 14,476 66,054 26,041
sS4 2,411 11,727 47,020 45,798
S5 2,772 22,752 38,493 48,826

The prawn {andings were maximum in
the south west region upto the fourth stage,
At the third stage the landings were high in
south west region and later on there was a
gradual decline in spite of increased effort,
However in the south east region and the
north west region the landings are an average
increased over the stages, In the north west
region the rate of increase has considsrably
declined giving indications of piatsu in the
landings, The north east region, is the only
region whare the landings on an average except
during the second stage have remained more
or lesg the same, Thisis due to the fact that
the numbar of trawler

operations are less
compared to the oiher regions,
Non peneeid prawns
The Annual landings (Table-1) ranged
from about 24,000 tonnes in 1981 to about

85,000 tonnesin 1872. They are mainly
caught in dof nets. They are quite abundant
inthe north wast region mainly along the
Maharashtra coast. They are also available
inthe south east region especially along the
Andhra coast, There are indications of decline
in the landings and thisis mainly due to
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daclined landings in the Maharashtra coast.
The north west region and the south east region
together account for about 98%, of the country’s
non penasid prawn landings. The stage wise
landings are given in the following table,

Non-penasid prawn landings (in tonnes)

Stage S.E, N.W,
S1 965 31,406
Ss2 1,623 30,924
s3 1.978 68,809
sS4 3,964 59,608
85 3,510 50,681

Itis evident from the above table that
during the initial stages of mechanisation the
landings in the north west region were more
or less of same order, During the third stage
when the mechanisation was intensified, the

landings increased, After this inspite of
of increase in the mechanisation the landings
did not regpond positively to the increased

effort, This phenomenon in the north west
region is mainly due to reduction in the
coastal district of Thane in Maharashtra, In
the south east howsever the landings increased
upto the fourth stage and got stabilized in the
tifth stage.

Cephalopods

This group comprises sguids, cuttle fish
and octopus. The landings of this group
{Table-1) ranged from a meagre 90 tonnes in
1961 to about 32,000 tonnes in 1986.
Initially these were either discarded or not
racorded. But of late because of the sexport
value they were retained on board and hence
the landings seem to show increasing trend.
They are mainly caught in the trawls and
hooks and linss, The south west and nosth
west region account far more than 769 of
the cephalopod landings in the country, The
region wise landings over the stages are given
beiow.

Stage S.w. N.W.
s1 162 33
52 508 121
83 1,408 811
sS4 _ 5,192 5,459
S5 4,043 10.093
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In both the regions, the landings improved
considerably., However in the south west region
the landings seem to get stabilized with more
or less the same magnitude during the fourth
and the fifth stage. In the north west region
however there is gradual increase and this region
has outscored the south west region from the
fourth stage onwards, This incresasing trend
is also reflected in the all India cephalopod
landings.

Potential yield

The foregoing sections have given an ides
of the present exploition pattern of some of the
major fisheiy resources currently exploited in
the four regions In this section potential yield
that could be obtsined from the r1egions are
indicated. These estimates pertain mostly to
the 0-50 m depth zone and do not include the
island territories.

Many attempts have been made in the past
to assess the potential yield from the Indian
walers. These estimates rangsd from 2 million
tonnes to 8.6 million tonnes per annum. (Su-
brahmanyam 1959, Panikker, 1966, Prasad et a/.,
1870, Cushing 1977, Gulland, 1971 Jones and
Banerji 1973, Prasad and Nair 1973, Shomura,
1976, George et a/., 1977 and Silas st a/. 19786).
Recently, Alagaraja (1987} has estimated the
potential yield of 3 million tonnes from 0-200m
depth of which 2 milllon tonnes obtainable
from the 0-50 m depth, 1t is assumed that the
potentiat yield is the maximum average vyield
that could be exploited. In this paper on attempt
is made to estimate the potential yieid from the
average annual yleld during the different stages.
The average annual landings during the five
stages are given below,

Stage . 81 82 53 84 S5
Landings :7.35 8.3/ 1200 13.31 156.03
{lakh tonnes)

From the trend of the landings over the five
stages, it appears that the marine fish landings
seam to follow the Gompertz growth formuia.
The fit of the above data to the Gompertz curve
resulted in asymptotic (Coo) value of 20.92 lakh
tonnes for the annual landings, which can be
taken as an estimate of the potential harvestable
vield.
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Following the same analysis the potential
yields for the four regions are given below,

Region Potential yield Remarks
(lakh tonnes)

North east 1.20 Data from stages Sg
to S; only

South east 5.85 Data from stages S,
1o 35

South west 6.00 **

North west 6.90 Data from stages
S2-Ss

19.95

(** as the data did not follow any growth,
pattern, the maximum catch during the 25 year
period is taken as an estimate of the potential
vield. The above estimates pertain to the -50m
depth zone oniy.)

The above estimate does not include the
Island territories of Lakshadweep and Andaman
and Nicobar. As 999 of the landings from the
0-50m depth zone in India is accounted, by the
tour regions, the potential yield that could be
harvasted from the 0-50m depth zone in the
Indian waters is given by 100 x 13.95=20.16

99
lakh tonnes. This estimate agrees closely with

the one obtained above. it is also interesting to
note the above estimates agree closely with an
estimate of 20-22 lakh tonnes by Alagaraja
(op cit) and 22.60 lake tonnes by George & af,
{Op. cit).

CONCLUSIONS

From the foregoing the following observa-
tions are made. Therate of growth in marine
fish landings has decreased and any further
increase in effort may not result in higher
landings. in the presently exploited area.

Among the four regions, the north east,
south east and the north wast ragions show
promise of higher landings.

Among the pslagic resources, anchovies,
carangitds, ribbontish and coastal tunas
promise higher yields if suitable modifications
in the capture techniques are made. The trend
of cat fish landings indicate the potentials of
the resource along the north east coast and
north west coast.
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Among the perches, the threadfin breams
are the most abundant group bhaving good
potential on both the coasts.

The cephafopods which recently have
realized higher export value are expected to be
harvested in larger quantities especially from
the north west and the south west regions.

The potential yield from 0-50 m is
estimated to be in the range of 20-21 lakh
tonnes. The estimate of potential yield from
61-200 m has been estimated at 10 lakh tannes
{Alagaraja, op. cit).

Toincrease the catches of the larger
pelagic fish such as coastsl tunas, seerfish,
pomfrets etc. from the traditional tishing
grounds it is suggestad that the currently
employed country craft be motorized.

Prapar fishing regulatory measures have
to be taken to control over-fishing  (both
biological and economic) by implementing
mesh reguiations and dematcation of areas of
axploitetion by the different types of gear.

Adequate infrastructure facilities such as
berthing, handling, storage, ice production
and marketing need to be developed for the
sustained growth of marine fisheries.
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Paper 34

CATCH RATES AND CATCH COMPOSITION OF FISH
IN THE WADGE BANK IN COMMERCIAL FISHING

G. N. Mitra
Professer Pare, Cuttack-753003

ABSTRACT

The paper embodiss some of the un-published resu'ta of commercial fishing in the Wadge
Bank located south of Cape Comarin betwean a Long o©f 77° and 78°. 10'. The area is approximately
4000 Sq. miles exposed to full force of bolth the SW and NE monsoons. The continental shelf off

Cape Comorin has s gentle slops up to 100 Metres beyond which the dspth sharply increases.
is of coarse yellow sand overlying flat rock up to 60 m contour.

sand with stratches of flat rock.

There are rough patches of pinnacle rocks.
consist mainly of rock fishes (47.8 to 65%) and carangids

Bottom
Bayond this the bottom is firm clear
Commarcial large ftlshes
2,410 11,9 271, Ceatch pet hour of

comparable trawlers of 450 to 850 HP has been estimated sftar adjusted effort.

Year Catch effort in Hours
1966-66 3652
184886-67 B781
1967-68 2834
1968-69 3412
1969-70 1924

CPUE Kg/Hr.
2436
1731
136.2
190.9
164.0

Averaga seasonal catch was 183 Kg/Hr in Nav-Aprl end 282.9 Xg'Hr in May to Qct.

In mare racent oparations by paired trawlers of 1100 HP 38 M OAL chartsred from abroad
the catch rate in 1983 has been 24728 Kg/Hr in operation of 358 hours. Squids and cuttle fish

catch varied between 26 to 797 in August and Septsmbar-

PapeT.

INRQDUCTION

The area of the sea south of Capa Comorin
has been generally known as the ‘Wadge Bank’,
The area has been definad by the Fishery
Survey of India (F. S. 1) as that part of the sea
bed bstween 76°, 30'E to 78°.00 € Long and
07°.00,N to 8°. 20° N Lat. The area is about

4000 Sq. miles. The general map of the Bank
with contour lines may be seen in Fig. 1.
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Fig. 1 Depth contours of Wadge Bank
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Datails have bsen presented in the

Operations of different vessels in the Bank

have baeen evaluated in this paper.

Trawlers operated in the Bank

Commercial fishing was first commenced
in 1928 ‘Tongkol’ (125" OAL, 93 NPH)
operated in 1928 and 1929 and 'Bul Bul a
vesseél of the same type from 1928 10 1935,
The total annual catch during this period varied
from 106 to 597 tonnes. The catch per day's
absence from port varied bstween 1128 and
2512 kgihr. The number of days fished per
year was between 96 and 262,

Ihese vessels did not give an economic
feturn and after a break of 10 years, fishing
was resumed as below.

126" OAL 87 NHP
1945-1951

147 Do 450 BHP
1947-1948

‘Reglan Castle’

‘Aringa’
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149 Do 91 NHP
1861 to 1963

143 Do 84 NHP
1953 to 1970

‘Brancoglen’

‘Maple Leaf’

‘Gandara’, ‘Pesalai’, ‘Beruwala® ‘Megamuwa’
‘My Liddys were of the samea type and HP with
OAL of 33 to 36 m OAL. These operated from
1965 onwards. Records have beean available
10 the author up to part of 1970,

Many of the vessels wete under foreign
skippers and operated tha standard Granton
Trawl. [n operations in the fieid it was found
that the net was too heavy and with replace-
ment with the lighter ‘Engel’ trawl catches
improved hetween 256 to 50%.  Chartered
vessels of 1100 HP operated for a short period
in 1983 using paired trawls.

Nature of Fishing grounds

Not all of the bank is trawlable as parts
of the ground are rocky. Some of this can be
trawled with rollers or bobbins in the ground
rope. The bholtom is coarse vellow sand
overlying flat rock to the 60 m contour. Beyond
this and up to the edge of the continental sheif
the bottom is made of firm, clear sand with
stretches of flat rock. There are a few rough
patches of pinnacle rocks in both shallow and
deep water and also very limited areas of
bottom of mud. Some areas had profuse growth
of sea tans (gorgonids) and sponges which
interfered with trawling and sorting of catches,
Over the years, due to continuous trawling
operations these more or less disappseared from
the fishing areas-

Hydrograsphy and weather

The Bank is exposed to the full force both
of NW and SW Monsoons. Forsign skippers
consider that weather conditions are more
favourable to fishing in the bank than in
European waters. Except for 2 or 3 months,
the rest of the period has a ground swell.
During Monsoons the wind speed is 3 t0 6
Beaufort scale with a current of 0.5 to 0.1 knot
per hour.

Catch per hour in kg. by different vessels

Table 1 gives the details of catches, hours
fighes and CPUE (kg/hr}. In the season Nov-
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TABLE - 1,

Effort, catch and CPUE of Ceyionase
commuerical vessals in Wadge Bank

Catch Hours CPUE Years &
Vessal (Tonnas) (Effore) (Xgfhe) fsagon
NOV-APR
B&M 3942 11093 281.4 1957 63
M 332 1708 194.8 1963-65
Vassels 3172 24595 1218.9 1965-1970
a 141 1017 138 6 1964-65
Totai 7687 3841 1826
MAY-0CY
B&M 3311 100:3 34086 1957-63
M 795 2837 280.2 1963.85
Vessals §008 26779 194 2 1965-70
G 249 1141 218 2 1964 656
Av. per year 4827 - 3080
Totel 39770
Legend B8 .. Brancoglen

M .. Maple teaf
G .. Gandsra
Combinad . . same type vesssls

April the CPUE has varied batween 138.6 and
281 4 kg/hr tha general average being 197.5
kg/hr. But in the season May to October the
variation is between 194.2 and 340.6 kg/hr the
average being 309 kgshr. It is known that both
rock fishes and carangids migrate to the bank
dusing May-Oct. Catch rates were taken of
selactive vessels for 19535-1970. The results
are given balow. ‘

Yaar CPUE Fifort

Kg/Hr. (Hrs}
1965 66 241.6 3862
1966-67 1731 6791
1967-68 136.3 2834
1968-69 180 9 3412
1969-70 164.0 1924

Average seasonal catch was 183 kgfhr in
November to April and 282.9 kg/hr in  May to
Oct. Chartered vessels sampled the Wadge
Bank in Aug/Sept 1983 for 358 hours between
the depths of 40 and 80 m. The catch rate
was 247.29 kg;hr.

Commercial grouping of fishes

The fallowing grouping is made in analysing
the commercial catches.
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Rock fish or Mullets (Large) Lethrinus nebulosus
{Forskal). L. mahssnocides (Val) Lethrinella
minista (Schneider) Spilotichthys pictus {Thun-
berg}. Epinephelus undulosus (Quoy and Gai-
mard), Pristipomoides typus {Bleeker), Lutianus
sanguineus (Cuvier), L. utjanus sp. etc.

Carangids

Gnathanodon speciosus (Forskal), Caranx
chrysophrys (Bloch) C. malabaricus (Bloch &
Schneider), Caranx carangus (Bloch) etc. Cat-
fish Tachysurus thalassinus (Ruppel), Carcharhi-
nus sorrah (Cuvier), C macloti (Muller & Henle)
etc.

Information available on the bionomics of
the commarcial species orientated to capture is
sketchy although most of the fish taken in the
coastal waters of Ceylon have been found to
have ripe gonads. Most of the species are
common to the coastal belt of the Indian
peninsula.

Variation in the catch composition

The annual variation from year to year in
the percentage compaosition of the catch of the
groups is not much except in case of carangids.
Finer analysis according to species is not
available. Table below shows the annual
variation in percentage of groups.

Groups 1666 19687 1968 1989
fockfish 52.6 653.3 47.8 66.4
Carangids 11.9 8.4 7.9 2.4
Sharks &

Skates 9.3 7.5 5.3 4.5
Catfishes 1.8 21.5 21.4 12.8
Others 14.6 11.4 17.6 14,9

Percentags composition in Chartered Vessel
catch.

Table below shows the variations in the per-
centage composition of the catch in day and
night fishing by chartered vessels.

Group Day Night
Snapper 10.96 12.26
Squid 28.80 2,438
Cuttle fish 28,12 54,04
Sesr - .02 N1l
Carangids .76 Nit
Perches 4.40 3.61
Misc, Big 3.85 4.32
Misc. 22,00 22,90
286

Survey by FSi

Valuable knowledge has been gained by
the operations of Matsya Neerikshani, a medern
trawler which has conducted sample fishing in
all depths of the Bank. Average catch rate
has bean 130 kg/hr betwsen depth of 40 and
80m. The commercial projection is 260 kgfhr.

DISCUSSION

Wadge Bank is considered to be a good fish-
ing ground with a sizable percentage of guality
fish, but the fishing by Sri Lanka and some
other countries has not been very viable com-
mercially. The Chartered Vessels after sampling
Wadge Bank all veered to Kori Great Bank which
has given better fishing. It appears that the iean
season i. &, April to Nov. does not give an
economic earning. Use of vessels with less
HP and lighter nets giving the same catch rates
of the vessels operated by Ceylon is likely to
prove profitable. It may also be possible to
introduce smaller vessels for specislly squid
ligging. Research support is not adequate to
strengthen the economics of commercial fishing.
This is particularly necessary in studying the
oceanographical causes of migration and im-
provement and diversification of craft and gear.
There seems to be a sizable resource of mid-
water fish.

CONCLUSION

The Wadge Bank is a rich Fishing ground
from May to October. It requires vessels to
withstand wind spesd up to Beaufort 5°.  The
resources indicate the need {for diversified
fishing like pelagic trawling, squid jigging and
line fishing in the rocky area. Thare is need
for research on craft and gear and oceano-
graphic studies on causes of migration and
areas from which the fishes particularly the
larger carangids migrate. Any fall in the
economic catch rate has to be watched before
a large number of vessels are introduced.
Bobbin trawling might change the environment
which has to ba carefully watched as causes
of migration are not known.
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Paper-35

RESEARCH IN MARINE FISHERIES MANAGEMENT
AND DEVELOPMENT — CAPTURE AND
CULTURE FISHERIES

P. 5. B. R. James, K. C. George and N. Gopalakrishna Pillai
Central Marine Fisheries Research Institute, Cochin.

ABSTRACT

The paper deals with the research contributions of the Central Marine Figheries Research
Institute for the management and devslopment of marine capture and culture fisheries of tha country
during the past four decades.

The davelopmant of a stratified random sampling method for estimating the msrine fish isndings
from the mostly artisanal types of fishing; the assessment of stock magnitudes of several exploitad
commercial species and underexploited potential resources have baen the major contributions in the
field of capture fisheries.

Apsrt from routine monitoring of the environmentg! parameters intluencing the abundance
and availability of commercial stocks, the Institute undertock studies in bessic problems 1ike upwelling,
organic production and poHution.

Concurrent problems arising out of increaging mechanisation of fishing such as impact of purse
seining on pelegic fiches and other schooling fishes like cat fishes and shrimp production have been
studied and concerned states have been given appropriate advices.

In the culture sphere success has been achisved in breeding commercially important penasid
prawns, oysters and mussels under controlled conditions and maintenance of brood stocks, for raising
seeds in the hatchsries. Techniques of peart culture, edible oyster, mussel and sea weed culture have
besn perfected for local conditions.

By the systematicalty plenned resesrch activitiea since 1947, the Insatitute built wp a fthm
foundstion far marine fisheries development in the country on modern lines and generated base line
information for the rational exploitation and management of the matina fishery resources of the country.

INTRODUCTION

The need for research support for Manage-
ment actions in respect of renewable living
resources like the fisheries is well known.
Countries all overthe world with developed
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domestic and high sea fisheries have strong
resaarch inputs to back up their developmaent
and administrative policies.

As an imortant step for organising the sea
fisheries of Indiaon a sound footing, the

287



Centrat Marine Fisheries Research Station, later
designated Institute, was established in 1947.
During the last four decades this establish-
ment made its contributions to hslp in the
management of the marine tisheries of the
country and its development on modern lines.

The main objectives set forth for the Insti=
tute have been to conduct investigations
which would lead to estimation of marine
fishery resources; to gather detailed information
on the individual species of fishes of commer-
cial importance, their potential, rational exploit-
ation and conservation and also to study such
snvironmenta! factors which are likely to influ-
ence the nature and magnitude of these
fisheries. As the national priorities in the fish-
eries sector were undergoing reorientation,
since the early 70’s, with the emphasis on
mariculture and exploitation of the resgurces
of the Exclusive Economic Zone, the basic

objectives underwent modification to cater to -

the needs of the industry and developmsent
agencies.

The main objectives of the Institute for
the VI Plan period have been redefined as
under:

i. to conduct research for assessing and
maonitering the exploited marine fisheries
resources leading to rational exploit-
ation and conservation;

ii. to assess the underexploited and un-
exploited marine fisheries resources of
the Exclusive Economic Zone;

jii. to understand the fluctuations in abun-
dance of marine fisheries resources
in relation to changes in the environ-
ment by conducting vessel based
programmes;

iv. to develop suitable mariculture techno.
logies for finfish and shellfish in open
sea to supplement marine fish pro-
duction; and

v. to conduct transfer of technology and
post-graduate and specialised short
term training programmes.

288

The Institute strived to achieve the above
objectives in a systematic manner, eventhough
for along time since its inception, an ocean
going research wvesse! of its own was not
available. During the occasion of the 40th
year of its establishment it is relevant to make
a stock taking of the Institute’s achievements
and contributions to the development of marine
fisheries of the country.

Asessmemt of Fishery Resources

The Institute developed a multi stage strati-
fied random sampling design for the estimation
of marine fish landings in the country at national
and state levels, The design developed by the
Institute has been recommended by the FAD for
adoption by other developing countries, Resour-
ce wise and region-wise production estimates
are made available to national and international
organisations.  Fish catch statistics and related
data are collected from 62 zones and 20
single-centre zones covering the entire stretch
of the 6100 km Indian coastline.

Based on the data an exploited resources
collected in the past years, assessment of some
of the commercially important fish stocks such
as oil sardine, mackerel, Bombay duck, catfishes
tunas, prawns and cephaiopods have been made.

Information on fishermen population, gears
crafts, employment details, educational standards
and ipfrastructure facilities available in the
marine fisheries sector have been collected
periodically through frame surveys. The most
recent census was conducted in 1980, This
census data ig widely used by the State and
Central agencies for planning and developmantal
PUrposes, _

For application of stock assessment models
and proper interpretation of results, training
course for personnel engaged in fisheries
research and teaching have been taken up
periodically. Ttaining programme on the sampling
desigin of CMFRI is also conducted for the
benefit of personnsl of Fisheries Departments of
maritime states and Union Territories.

A very recent significant achievement has
been the development of management advice for
each maritime state based on analysis of data
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coliscted on the exploited marine fisheries
resources for 10 year period (1976.1984),

Pelagic Fisheries

The rate and pattern of exploitation of
pelagic fish resources of the west and east coast
of India have been studied by monitoring the
fandings from the artisanal, drift net and purse
seine fisheries Analysis of the data from expior.
atory cruises undertaken on a limited scale has
provided information on the nature and extent of
distribution of the pelagic resources beyond the
presently fished grounds. These investigations
have also brought to light the high potential of
pelagic fish resources such as whitsbaits, horse.
mackerel and several mesopslagic fishes
Feasibility of exploitation of oceaniC resources
like tunas and related species have been high-
lighted.

Studies on the stocks of o¢il sardine (Sardi-
nella longicaps) on the west coast of India
indicated high potential (annual average stock
size of 400,000 tonnes) and the possihilities of
increasing the catches by stepping up fishing
etffort in the offshore grounds employing efficient
fishing methods like purse-seining.

The stock assessment studied on Indian
mackerel (Rastrefliger ksnagurta) have revealed
an average annual stock level of 265,000 tonnes
oft the south waest coast of India (7°-17°N) ana
about one third of this stock is found beyond
25 m depth. Studies on the exploited resources
indicate that any further increase in the catches
should come from the offshore stocks or by
increasing the age at capture by increasing mesh
size,

A critical study of the exploited resources of
the anchovies from Indian seas have revealsd
that species belanging to the genara Sto/sphorus,
Thryssa, Setipinna and Thrissina are the main
contributors in the order of abundance. Based
on the productivity data and yield equation, a
potential yield of 585,000 tonnes of anchovies
was estimated for Indian waters. Since the pre-
sent catch is very meagre comparéd to the
potentials, substantial expansion of the fishery
is recommended along the coasts of Kerals,
Tamil Nadu and Andhra Pradesh for Sto/ephorus
and Thryssa; along northern Maharashtra- Gujarat
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sector for Coilia and along northern Orissa-West
Bengal sector for Setipinna.

Studies on the stack assessment of Bombay
duck, Harpodon nehereus revealed that at
Nowabunder, Ssurashtra coast, the present level
of exploitation is close to the maximum sustain-
able yield and that any further expansion in the
fishery would result in the over-exploitation of
the stocks. Howaever higher sustainable vield
is possible by increasing the size at capture.

The estimation of the fished stocks of the
little tuna (Euthynnus affinis) and the frigate
mackerel (Auxis thazard) indicsted that theiy
avarage annual stock levels were of the order of
208,000 and 7,700 tonnes. The exploitation
rate was 0.5 for both fhe stocks, indicating that
the two species are under exploited and a
substantial increase of production is possible by
increasing the fishing effort. In the case of the
oceanic skipjack (Katsuwonus pelamis) and
vellowfin tuna {Thunnus albacares), the exploi-
tation rates were estimated at 0.64 and 0.86
and tota! mortality rates at 2.07 and 3.17 res-
pectively, [n view of the low exploitation rates
as compared with the high rates of total mortal-
ity, it is emphasised that substantial increase in
the production from these stocks is possible by
increasing fishing effort.

Stock assessment studies on seerfishes off
the Karnataka coast showed that it was under-
exploitad and an expansion in the fishery would
result in incteased production without affecting
the stocks The poténtial resources of horse
mackeral consisted mainly of Decapterus sp. and
Megelaspis cordyla. An average standing stock
of about 34,400 tonnes was indicated for the
southwest coast of India and the Gulf of Mannar.
The bulk of this biomass was located in 2)-75m
depth in Gulf of Mannar and 50-100 m dapth in
the south west coast. An extension of the
distribution of the above species along the N. W,
coast has besn indicated by the M. T. Maurens
surveys conducted in 1977. Based on the present
level of exploitation of these stocks a substantial
increase in the catches by the expansion of the
fishing is possible. Studies on the stocks of
ribbon fishes (mainly Trichiurus lspturus) of
Andhra-Tamil Nadu and XKerala-Karnataka coast
indicated that these resources were under-
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exploited and greater fishing effort may be applied
to get increased yield from the stocks.  Special
studies are undertaken on the marine phase of
Hiisa along the coastal waters of Orissa and
West Bengal.

Demersal Fisherles

Studies on demersal fish resources of the west
and east coasts of India have been based on the
close monitoring of the exploited fisheries by
the artisanal sector using the traditional gear and
also the mechanised sector of small and -medium-
sized boats using bottom trawls, bottom-set gill
nets or hooks and lines,

During the 1949-55 period the ground fish
resources studies were conducted based on
exploratory fishing by large trawlers of the
-Government of India Deep Sea Fishing Station
and the New India Fisheriss Co, in the Bombay-
Saurashtra waters, With the expansion of
exploratory fishing programmes by Government
of India vessels and the setting up of additional
bases along the east and west coast, exploratory
surveys and the demarcation of the trawlable
areas and productive grounds continued, uniti
nearly ail grounds up to 50 m depth were
covered. The delineation of the good grounds
for sciaenids of Kutch, Dwaraka and Porbundar,
for esls off Bombay and Cambay, for prawns,
nemipterids and perches off the south west
coast; silverbellies off southwsst coast and
catfishes off north east coast emerged out of the
analysis of these fishing rasults by the CMFRI.

The deep shelf and slope off the §. W. coast
were particularly studied, based on exploratory
cruises of the vessels of the Government of
india and the integrated Fisheries Project. This
brought forth much valuable information on the
deepsea prawn and lobster resources near the
shelf edge and slope, the perch fishing grounds
atong the rocky areas at 70-100 m depths and
the enormous potential of the bathy pelagic fish
complex in tha shelf slope and beyond.

With the declaration of the EEZ the need
arose to explore the farther reaches of the shelf
in greater detail. The first move in this direction
was the compraehensive, year-long Indo-Polish
Industria! fishery survey and the detailad analysis
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of the fishery and environmaital data that
followed in the late seventies. The study covered
mainly the northwest zones, from 15° to 24°N
(55 to 360 m depth). Abundance of threadfin
breams at 125-360 m depth, serranids and larger
carangids in 90-125 m ribbon fishes, pomfrets,
horse-mackerel and eels in the 56-90 m depths
were observed by the vessel,

In addition to such over-all studies and
charting out of the productive fishing grounds of
the demersal fisheries resources, detailed investi-
gations on individual fish species/groups that
contributed to major commercial fisheries, chiefly
catfishes, threadfin.breams, silver  bellies,
sciaenids, perches, esels, flatfishes and lizardfishes
have also been made. The estimations on the
fished stocks of the five species of catlish
Tachysurus thalassinus, T. tenuispinis, 1. serratus,
T. dussumieri and Osteogeniosus militaris have
indicated that, except for the last mentioned, all
spacies are at present under heavy fishing
pressure and either the pressure has to be
reduced or the size of fish caught increased, if
the fisheries are to be sustained,

Stock assessment studies carried out on
Nemipterus japonicus off Kakinada revealed that
any increased effort on the presently fished

stocks at the present size of capture would only
result in lesser yield. However, at Madras, the
stack is not fully exploited and greater fishing
effort may be applied to g2t increassd vyield
without adversely affecting the stock.

Investigations on the presently exploited
demersal resources have shown that with the
rapid devslopment of the mechanised trawling
in recent yaars, many of the inshore fisheries
are under heavy pressure and damage to stock
can be avoided only with a decrease in fishing
effort or increasing the mesh size of gear used.
This has great relevance to future development
plans an marine tishery resources.

Crustscean Fisharias

The rapid sxpansion of the export market for
prawns and the consequent introduction of large
number of small mechanised boats for prawn
fishing necessitated a concerted effort by the
Institute {o study the prawn fisheries on an all
India basis, A weslth of information was
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collected on the distribution and the abundance
of the prawn species in space and time, growth,
{eading habits, fecundity, sex ratio, and moave-
ments. Life cycles and juvenile phase of prawns
in brackishwater environment have bsen studied
in detail.

:3The deep sea lobster (Puerufus sewalli) and
the deep sea prawn resources of the southwest
coast of lndia were studied in detail. A total
of 22 species of deep sea prawns have been
observed in the catches, Heterocarpus wood-
masoni forms the mainstay of the fishery.
Relatively high concentration of prawn exists on
the “"Quilon Bank~ at 301-375 m depth zone
and in slightly deeper areas off Ponnani, on the
upper continental slope. The potential resources
of deep-sea prawns that could be commercially
exploited from the <Quilon Bank” have been
estimated to be about 5,300 tonnes from a
productive area of about 5000 sq. km.

Realising the fact there has been some
economic over-fishing for prawns in certain
sectors of our coast, detailed stock assessment
studies of important prawn specias have been
mads. Using the data on -catches and fishing
effort collected over a period of ten years the
magnitude of the prawn resources, the maximum
sustainable yield and corresponding optimum
fishing effort were estimated for nine important
fishing centres, namely Sasoon Dock in Bombay,
Karwar, Mangalore, Calicut, Cochin, Sakthi-
kulangara, Mandapam, Madras and Kakinada:
The estimates showed that increasing the fishing
effort beyond the optimum lavel is not likely to
increase the prawn yield from all these centres,
except Kakinada. In Kakinada there is a possibi-
lity of increasing the yield by putting in more
fishing effort,

Based on the abundance and distribution of
prawn seed in the estuaries and backwaters,
attempts are being made to forecast the prawn
fishery at sea.

Intensive tagging programmse coupled with
drift bottle studies showed that the tagged white
prawns Penasus indicus migrated from Cochip
on the southwest coast to Tuticorin on the east
coast following the coastal currénts. They
completed this 383 km journey in 68 days at an
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average speed of 658 km per day., This study
also showsd that the prawns grew from a size
of 110 mm to 148 mm during this period

Apart from the intensive studies
prawn resources of the country the other
crustacean resources such as rosk lobsters,
crabs and stomatopods have also been the
subject of study,

on the

Molluscan Fisheries

An inventory of the molluscan resources
such as clams, oysters and mussels has been
made covering the entire mainland coast as well
as the Andaman and Nicobar Island.

The clam resources of the estuaries in
Karnataka and Kerala have been investigated in
detail in the context of recent spurt in the export
of clams including baby clams, The commercially
important species identified are Maretrix meretrix,
M. casta, Katelysia opima, Faphis, spp. and
Villorita eyprinoides. Such resource survey have
also been carried out on green mussel Perna
viridis and brown mussel P. indica, along the
west coast. The standing stock of P. indice
was estimated at1610 tonnes {1933-84;, while
the landings were only 556 tonnes alang the
southwest coast,

The moliuscan resources of Kakinada Bay,
along the east coast, particularly those of the
blood clam Anedara granosa and windowpane
oyster Placenta placenta, were surveyed in detail
and the potential for further development
indicated. Underwater surveys of the paarl banks
of the Gulf of Mannar using SCUBA equipmants
and assessment of the population of pearl oysters
{Pinctada fucata) and chanks (Xancus pyrum)
in the natural beds were made. These surveys
heiped in predicting the pearl and chank fisheries
in the region.

The vast potential resources of oceanic sguid
Symplactoteuthis ouafaniensis in EEZ of India
have been indicated based on the exploratory
survey results of FORV Sagar Sampada. Resource
characteristics and stock assessment of most of
the commercially important species of Lofigo
and Sepia have been made,
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Fishery Environment Meanagement

The study of fishery related environmental
factors which received considerable attention
were initially confined to the coastal belt,
Since lats fifties, facilities of the Indo-Norwegian
Project’s vessels have been availed to study the
oceanographic features of the entire shelf and
the Lakshadweep. Better understanding of the
seasonal phenomenon such as upwelling and

dynamics of the mud bank formation resulted
from these studies.

Estimates of the potential fish resources
were made for the first time in the country on

the basis of primary productivity studies using
C's technique.

Studies on marine mammals and turtles were
taken up from a conservation angle with repeaied
seasonal observations on the ‘Aribada’, the mass
nesting of turtles at Gahirmatha beach in Orissa.
Survays and ecological studies in connection
with establishment of a marine national park in
the Gulf of Mannar were completed. Studies
on ancillary resources like corals, sponges,
echinoderms and seaweeds contributed to
development of resource data on these, Studies
on marine pollution and bicactive agents in
matine organisms received attention in the
programmes of the Division,

In recent vears the Institute collaborated
with Space Application Centre, Ahamadabad and
National Remote Sensing Agency, Hyderabad,
in Joint Experiments for the utilization of
satellite data to locate areas of high productivity
in the EEZ. The studies using an Ocean Colour
Radiometer indicated that chlorophyll densities,
an index of the bioproductivity, could be mapped
and used as indices of fisherias potential.

Other studies include secondary production
and its relationship to the distribution of fishes;
qualitative and quantitative abundance of fish
egys and larvas; distribution of the Antarctic
Kritl; isolation and mass culture of uni-cellular
algae for hatchery development of differeng
larvae; ecology of mangrove areas and their
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influence on the fishery resources; coral resour-
ces and behaviour of reef fishes; formation and
environmental characteristics of the mud banks
of Kerala,

In addition to the national programme of
tagging prawns and fishes to study their
migration and growth, drift bottle experiments
were under taken to understand the coastal drifts
that aid the migration of these groups. A
systomatic programme of release of drift bottles
from different centres along the east and west
coast have resulted in recoveries which indicate
a general southward drift of coastal current
during the summer months, February to March.
The racovery of drift bottles from the Sri Lanka
coast and Somali coast is worth mentioning.

Fishery Economics and Extension

With increasing emphasis on the utilization
of the resources of Exclusive Economic Zone and
the formulation of integrated rural developmant
programmss in mariculture, a whole range of
economics of operations of both capture and
culture fisheries and also socio-economics of
fisherfolk has gained considerabls importance.

Investigations carried out to assess the
impact ol large scale introduction of commercial
purse-seining in Karnataka coasial waters
showed that aven though the total catches
increased through purse-ssining, the traditional
Rampani operators suffered a savere economic
sot-back The [nstitute recommended several
remedial measures like providing Rampani
owners with purse-saines through liberal
Government loans and giving priority for

Rampani operators as crew-membaers of purse-
seiners.

Through a number of case studies, the
socio-economic aspects of fisherman families
in Kerala, Maharashtra angd Gujarat have besn
investigated and the attention of institutional
agencies was drawn to play a more dynamic
role as credit agencies to the fishermen, so as
to save them from the harassment of middiemen.
The Institute has alsc conducted studies on the
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ecnnomics of different types of fishing units,
especially the traditional crafts fitted with
outboard motor, marketing aspacts such as
price spread at various levels and also the role
of women in small-scale fisharies activities,
Projects aimed at evaluation of economic
returns in mariculture opserations have also
been undertaken in recent years.

Physiology, Nutrition and Pathology

Since 1982, the Institute took up appro-
priate multi-disciplinary  programmes  on
physiology, nutrition and Pathology of fish and
shellfish, which formed sither complementary
or supplementary effort to the major ongaing
résearch programmes in  mariculture. The
current programmes concentrate on  problem
oriented research such as, ecophysiclogy and
respiratory physiology of fishes and shslifishss,
protein variation and nutritional requiremants
of prawns; reproductive physiology of grey
mullets; nutritional needs of milkfish and survey
of finfish and shellfish diseasss and pathology
of soft prawns. Studies indicate that kesping
the pond environment healthy by proper
managemeant practices is the best way to
prevent the occurrence of the soft prawn
disease.

Mariculture
Prawn culture

The Institute took up experimental studies
on various aspects of prawn culture since 1975
and all the commercially important spacies of
penaeid prawns such as Penasus Indicus, P,
monodon, P. seamisulcatus, Metapanaaus dobsoni,
M. monoceros, M. affinis, M. moyebi and
Parapenasopsis stylifara have been made to
spawn in the laboratory and their larvae reared
up to the posi larval stags under controlled
conditions. Recently, similar success has besn
achieved in the case of P, jeponicus, and P.
Istisulcatus. To feed the prawn larvae, indigencus
methods for culturing live feed organisms such
as diatoms, rotifers and cladocerans on a large
scale wers developed. The larval rearing
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technique was impioved and simplified. The
Institute has by now evolved a totally indige-
nous, low cost technology for the hatchery
production of penaeid prawn seed, spscially
suited to the Indian conditions.

To enable the interested entrepreneurs in
setting up prawn hatcheries to supply seed to
the rapidly expanding prawn culture industry in
the country a manuai eéntitled "‘Hatchery produc-
tion of penaeid prawn ssed‘  has been published
by the Institute. Under the transfer of technology
programmes the Institute recently initisted
providing technical assistance to State Govern.
ments for establishment of hatcheries for
production of prawn sesd The Institute also
provides technical assistance to prawn farmers
and development agencies for accelerating the
programmes in prawn culture, Recently at
Tuticorin, the scientists helpad a private prawn
farmer to culture prawns in sait pan areas and a
record production of 1203-1600 kg/ha was
obtainad in a pericd of 4} to 6 months.

A technique of artificial insemination of
Pangeus indicus and P. monodon has been
developed. This is & significant achievement
that is basic to all future work on selective
breeding of prawns for improving production in
culture systems,

A searanching programmsa for P. semisulcatus
in the Palk Bay to augmant ths natural stock
of this spacies in the Bay has been initiated,

Employing scientific methods in the field
culture of prawns, using laboratory reared post-
larvae for stocking, a production rate upto
600 kg/ha/b4 days has been obtained. A
polletised fead, compoundad from locatly
available raw materials has bsen dsvsiopad.

Culture of other shell fishes

Progress has been mads in rearing the larvae
of the crabs, Scylia serrats and Portunus
pelagicus to the crab stage in the laboratory.
Rapid increase in growth rate of cultured
lobsters has been achieved by eye stalk ablation.

293



Indigenous technology for oyster and mussel
cultura :

A significant breakthrough was achieved in
developing indigenously the techniquas of pearl
culture, which led to the establishment of a
commercial pearl culture project in india for the
first time. Cultured pearls are produced through
raft culture with a production rate of 60-70%
in nuleus implanted oysters in 3 to 24 months,
In order to repopulate the pearl banks of Gulf
of Mannar, a séa ranching programme of pearl
oyster seed produced in the laboratory has
recontly been initiated at Tuticorin.

Another major achievement has been the
development of techniques for oyster seed
production in hatcheries. Following the initial
breakthrough of technology for pearl oyster seed
production, the edibls oyster seed is also
produced on large scale in experimental hatchery,
Similarly mussel has been brought under the
hatchery technology development programmes.
The problem of paucity of seed for large scale

culture operations of economically important
bivalve molluscs has been solved.
‘Open-sea  mussel farming techaiques

developed &t the Institute have given high
production rates (10-15 kg of musse! per metre
length of rope, equal to 60-70 tonnesiha).
Edible oyster farming technology has been
established to produce 150 tonnes;/ha/annum.

Fin fish culture

Experimental finfish culture had been part
of the Institute’s programme from the early years,
at Mandapam. The culture programme was
intensified and extended to other centres like
Tuticorin, Madras, Calicut and WNarakkal by
mono- and poly.culture-techniques, in ponds,
cages and pens. Milkfish and mullets have
been reared successfully in ponds and pens.
Preliminary studies with species of Lethrinus,
Epinephslus and Lates at  Mandapam and
Tuticorin yielded promising results. Induced
breeding experiments conducted on Mugil
caphgius with H, C. G harmone along with
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pituitary-gtand extract have yielded encouraging
results,

Seaweed culturs

Experimental field cultivation of the agaro-
phytes Gracilaria edulis and (Gelidiella acerosa
in the Gulf of Mannar showed that Gracilaria
edulis grew 1o harvestable size within 60 days
yielding 3 kg/Sq m Gelidiella acerosa attained
the same rate of production in 75 days. This
yield is about 3 times the natural
production.

1ate  of

Special Survays of Lakshadweep group of
Isiands

In recent times, the Lakshadweep islands
have been in the limelight owing to the special
considerations shown by the Government of
India towards its all-round development. The
institute had already contributed to the manage-
ment of marine fisheries resources of the area
and steps are now being teken to expand and
intensify its research activities in the relevant
fields. '

A series of special surveys were conducted
since January 1987, aimed at an overall assess.
ment of various types of fishery and ancillary
living resources and their potentials. Three
teams covered 10 istands, from January to March
‘87 (Agatti, Amini, Androth, Bitra, Chetlet,
Kadamat, Kalpeni, Kavaratti, Kittan and Minicoy)
and collected valuable information on the
resource potentials, status of the coral reefs and
the traditional fisheries.

During the surveys, it was found that con-
siderable damage had taken place to the coral
reefs around Minicoy and certain other islands
due to dredging, silting and sand mining.

Skipjack rKaetsuwonus pelamis) and young
vallowfin tunas (Thunnus albacares) constituted
the major tuna resources exploited by the
islanders by live-bait pole and line fishery. Tuna
formed 85%, of the total fish ‘landings in the
islands and Agatti and Bitra alone accounted
for more than 609, of the total tuna catches,
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There seemed to be no scarcity for live baits

in the islands surveyed except in Amini and .

Kiltan. Over 15 speciss of live baits were
observed during the survey. Spatelloides
delicaiulus and S. japonicus dominated among
them.

The common food fishes other than tuna in
the islands were sharks and rays, goat fishes,
carangids, perches, barracudas, half beaks and
filefish. '

The survey resuits also indicated that over
70 species of ornamental fishes occur in these
islands, of which 30 are exportable. The survey
teams collected information on seawesds,
sponges, echingderms, Crustacean resources
and other invertebrates snd gathered interesting
data on marine mammels and seabirds and
locations which could be developed as marine
parks.

Suitable recommendations have been made
for the protection of the ecosystem and deve-
lopment of figheries,

Extended roesearch programmes in the FEZ

CMFRI is the nodal organisation for the
planning and execution of the research pro-
grammes of FORV Sagar Sampads of the
Department of Ocean Development.

The vesse! commenced its regular cruises
from January 1985 and completed 33 cruises
upto August 1987 spending 589 days at sea. A
great deal of information on various fighery
. resources and related environmental parameters
of the EEZ have been collected by the vessel.

The highlights of the
location of:

-— The large deep sea prawn Plesiopenaeus
edwardsianus at 870 m depth off Trivan-
drum.

— Spawning grounds of several species
of tishes over the Angria Bank.
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results are the

— Spawning/nursery grounds of ribbon
fish off Veraval around 50m depth.

— Mursery ground of Lactarius at 100 m
depth off Okha.

— Extensive swarms of oceanic crabs
along the south-west during the south-
west monsoon season.

— Large tuna shoals during post-monsoon
time off Central west coast.

- Abundance of 1lobster Jarvae in the
offshore waters (75 mt along Kerala-
Karnataka coast in November.

~— A variety of juvenile fishes, especially
tunas in the Lakshadweep area in
December- January and  July-August
petiods, and dominant oceanic squid
component ia July-August,

— Large quantities of lantern fishes in the
lower Bay of Bengal and equatorial
region during Jan-February period.

— Caoanfirmation of the phenomenon of the
seasonal concentration of‘whitabaits in
the Gulf of Mannar during the southwest
Monsoon season.

— Large concentration of threadfin bream,
cuttlefish and squids in the Wadge Bank
in August-September period,

These results are highly relevant for planning
our future dsvelopmental programmes for
exploiting the underexpioited resources of the
EEZ.

in conclusion it may be stated that the
Central Marine Fisheries Research Institute by
its planned activities during the past 49 years
built up a firm foundation for marine fisheries
development in the country and generated all
base line information for the management of the
rasources,
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It is by now fairly clear that the traditional
fisheries can contribute only marginally to the
augmentation of marine fish catches in the
country. However, exploitation of these
resources has to be carefully monitored and
protected from the changes that may be taking
place in the coastal environment. Conservation
measures, where needed have to be developed
based on sound scientific knowledge. Future
research from vessel based programmes aims at
understanding the fluctuations in abundance of
commercially important species in relation to
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environmental characteristics, development of
forecasts for fisheries and assessment of stocks
of uuder exploited or unexploited resources
including the deep shelf resources and the
virtually untapped resources like the oceanic
tunas, squids and mesopslagic fishes should be
our targets for exploitation for epnhancing fish
production. The CMFER! has gat ite direction
in this regard by extending its research progra-
mmes to the boundaries of the EEZ for assess-
ment of the potentials of these resources
for their eventual commercial exploitation.
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