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PREFACE

In 1961, I had an occasion to discuss with one of India’s leading fishery technocrat and policy planner
“my researches on Indian tung and tuna-like fishes. I'was shocked when he retorted with & question whether we
-really had any tunas in our waters and if so whether they were only zoological curiosities. Such was the
-official astitude and my attempt to explain matters was just brushed aside. In January 1962, I
-convened an International Symposium on Scombroid Fishes at Mandapam Camp under the auspices of the
Marine Biological Association of India and the Proceedings published in 1964 and 1967, combined with the
scientific coniributions sent from India io the FAO sponsored * World Scientific Meeting on the Biology of
“Tungs and Related Species’ held in July 1962 at California amply justifies that we do have sizeable
“tung resources and India is placed in an advantageous position to exploit these from her waters and from the
contiguous high seas. Unfortunately there has been an apathy on the part of our fishery planners to not even
‘Took at tuna fishingseriously, resulting in ourlagging in this area of fisheries as compared to some ofthe smaller
nations who have Limited facilities but are looking at development of tuna fisheries more positively, Indecision
for some reason or other has been rampant and in the past two decades a stream of potential entrepreneurs
from within and outside the couniry have turned up with propositions for entering on collaborative pro-
grammes in tuna fishery, but all these have been futile exercises ending only in conducted tours and dialogues.
“The indigenous production in cur small scale fishery sector through the mechanisation and increasing effort
through gill netting, purse seining, and pole and line fishing have augmented production of the coastal species
of tunas and tuna-like fishes and tunas from the Lakshadweep from herdly 7800 tonnes in 1961 to 26,000
tonnesin 1979. However, we are practically at the same stage asin 1961 as far as exploitation of the resources
of the Exclusive Economic Zone (EEZ) and contiguous high seas, beyond the ingshore continental shelf waters
are concerned. A few exercises of insufficient nature in longlining and purse seining have been carried out,
but inadequacy of the gear and the cursory effort expended have given if at all only negative results. We are
-still deliberating on the pros and cons of entering tuna fisheries of the high seas. The two decades from the
1961 io 1981 have seen major shifts in the pattern of large scale commercial tuna fisheries in the Indian Ocean
which was started by the Japanese longline fishery in 1952. The Republic of China (Taiwan) and the Republic
of Korea have entered the fisheries in the 60’s and early 70’s respectively for longlining and & number of
nations including non-Indian Ocean countries are now planning for longlining and purse seining for tunas
in the Indian Ocean,

The declaration of the Exclusive Economic Zone by India in August, 1976 has given a flip to the efforts
in organizing development programmes for the exploiiation of fishes from beyond the continental shelf waters.
The Government of India had permitted some joint venture programmes to come up, but these have by and
large not helped in the overall development programmes. Recently, the Government of India has pro-
claimed a chartering policy with a view to accelerate the development of deep ses fishing in this country.
Tunas being highly migratory species, any development programme should envisage also the scope of harvest-
ing-the resources not only from our EEZ but also from the contiguous high seas.

The time has come when whatever information is known about Indian Ocean tunas and tuna-like fishes,
their ecology and fisheries including present levels of exploitation should be made available to the public
forum so that it will be easily accessible to the fishing industry and those interested in commercial fisheries re-
sources. Such a compendium would go a long way in educating our technocrats and policy planners to iake
decisions on development sirategies, help in investment decisions and plan to see how India could become an
important partner for sharing the tuna resources of the Indian Ocean. The fishing industry should also benefit

from the same.
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I would like to place on record our indebtness to Dr. S. Jones who initiated the studies on Indian
Tunas and to Late Dr. Wilbert M. Chapman for the great encouragement he gave for the studies on
Indian Tunas in the early sixties. A close associaiion of over three monihs with Dr. Richard S, Shomura.
on board the Research Vessel * Anton Bruun’ during its Vth cruise in the Indian Ocean during the
International Indian Ocean Expedition from January-May, 1964 enabled me to have a desper insight into the
problems of tuna fisheries of the Indian Ocean. Mosi of the photographs published in this report were taken
by me during this cruise which covered areas between 22°N and 48°S, and 55°E and 75°E. My sincere-
thanks are due to Dr. Shomura for the courtesies extended.

In the preparation of this report, help has been received in the form of literature, and the authors have
had the benefii of personal discussions with 2 number of active workers in this field. Thanks are due to
Dr. Shoji Ueyanagi, Far Seas Fisheries Reseach Laboratory, Shimizu, Japan ; Dr. J. A. Gulland and Dr.

‘Francis J. Christy, Resources and Environment Division, FAQ ; Dr. Wayne J. Baldwin, Hawaii Institute-

of Marine Biology, University of Hawaii, Hawaii ; Dr. R. F. Kearney, South Pacific Commission and Dr..
Poter H. Pearse, Commissioner, Department of Fisheries and Oceans, Government of Canada. To Dr.
K. P. P. Nambiar, MPEDA-India, Tokyo, Japan, we are appreciative of the interest he has shown in our
work on tunas, and for the fruitful discussions and the information he has sent us. In order to make this.
work more meaningful, some charts and maps from earlier publications are reproduced here and their
sources are duly acknowledged.

1 hear talks that foreign consultants are being invited to come to India to make a feasibility study of
whether or not we should develop tuna fisheries of our EEZ and high seas. While we shall ceriainly require
expertise in certain specific aspects of tuna fisheries particularly with an emphasis on training our personnel,
it is highly doubtful with the information available with us, whether we should spend lakhs of Rupees on such
wasteful exercises. I hope that this publication will create a greater awareness of the importance of our-
tuna resources and help stimulate investment decisions and-formulate a nationai pollcy and programme for
the development of tuna fisheries in this country.

E. G. SiLas _

Director

Central Marine Fisheries:
-Research Institute
Cochin



INTRODUCTION

With the new ocean regime coming into being, many
of the countries including India have declared an EEZ
{Exclusive Economic Zone¢) which extends national
jurisdiction to 200 miles from the coast. This has
created a greater awareness of our responsibility to-
wards the judicious exploitation of the living and non-
living resources coming under the extended jurisdiction.
‘The problems of survey, assessment, utilization and
management of the resources thus assumes priority.
At the same time, the management of living resources,
‘particularly the fishery resources receive both national
and international importance. This is all the more 80,
as the exploitation of living resources has hitherto been
confined to a narrow belt of the neritic waters. In the
marine fisheries sector, with & decade of stagnation in
world fish production, the declaration of the EEZ has
given high hopes to some nations of substantially sug-
menting their fish production. To countries which had
well established distant water fishing operations covering
the EEZ of other countries, the continuation of such
operations poses serious problems. The new ocean
regime undoubtedly offers some of the developing coun-
tries an opportunity for developing and expanding their
capabilities of harvesting fish from their EEZ through
their own effort or through collaborative ventures.

With the declaration of EEZ in August, 1976 (Act
No. 80 of 1976) Indiz has added about 2 million km?
of sea area under her jurisdiction. ‘This has also placed
tremendous responsibilities on the country to see that
the resources are properly surveyed, assessed and judi-
ciously utilised and protected. Some of the questions
posed are : what are the now fishery resources in the
EEZ ; what are the magnitude of the resources and how
are they to be harvested economically ; what are the
type of fishing vessols to be used for exploiting the diverse
resources ; whether the catch will be marketable at
femunerative prices ; infrastructure and shore facilities
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needed to be provided for such opsration, and so on
These are some of the pressing questions posed by the
development departments who seek information on
data for decision making in investing in the exploitation
of the resources. In some quarters there have been mis-
conceptions among administrators and technocrats that
the fishery resource may be uniformily distributed in
biomas along the entire extent of the EEZ. On the
other extreme we have views expressed that absolutely
nothing is known about the fishery resources that maybe
available in our EEZ outside the traditionally exploited
zone to enable any type of investment decision to be
taken for commercial exploitation. Yetanother variant
in thought is that © no reliable information is available
on our resources from the EEZ.’ While we would
not want to discuss the pros and cons of such views, weo
would like to mention that this work is presented to
dispel some of the ignorance and bias prevailing in the
vital area of development of tuna fishery by India,
Dispassionately looking at our merine fishery resources
in toto, it can be said that for a better utilization and
augmentation of production from the EEZ, the follow-
ing would be necessary :

— augmenting production through more efficient
methods from the traditional small scale fishories
sector through improvement of craft and gear
and diversification of fishing, clogely linked with
marketing ; -

-— utilisation of conventional and non-conventional
resources, both demersal and pelagic, from the
shelf waters lying beyond 30-40 fathoms—
resources such as the threadfin bream and rock
cods ;

— exploitation of larger pelagics such as tunas and
billfishes from the continental shelf waters and
high seas ;



— fishing for the squids and cuttlefishes from the
shelf waters (squids and cuttlefishes) and adja-
cent oceanic waters (squids) ;

— utilisation of non-conventional deep-sea re-
sources, pariicularly mesopelagics, bathypelagic
fishes and crustaceans; and

— coastal aquaculture (mariculture).

All these are priority areas and for the betier uili-
sation and management of the resources strategies have
to be planned and developed and operations carried out
on different scales. In the context of national priorities,
fisheries development in these areas are to be stepped up
almost concurrently for achieving the objectives.

In the scheme of our fisheries development thus there
are many priority arcas. However, in the context of
our policy for the EEZ, the development of tuna fishery
has the highest priority, though until now it has not
received the attention it deserves. There has been an
appreciable increase in our landings of coasial species
of tunas during the last 15 years. A similar trend is
also seen in the landings of skipjack and young yellows
fin tuna in the pole and line fishery in the Lakshadweep
Jslands, with the introduction of small mechanised
crafts. A well established tuna longline fishery exists
in the Indian Ocean, which was started in 1952 by the
Japanese, The late 1960°s and the early 1970°s saw
.the entry of the flects of Taiwan and Republic of Korea
into the Indian Ocean tuna longline fishery, In 1968
-about 169,300 MT of yellowfin, bigeye, albacore and
southern bluefin tunns were caught from the Indian
‘Ocean by longlining. The catch of these four species
now stands at 122,600 MT (1979).

~ In January, 1962, one of us (E.G.S.) convened a
symposium on scombroid fishes at Mandapam Camp,

the Proceedings (1964 ; 1967) of which documented the
state of art prevailing at that time and was indicative
of the possibilities of the development of the tuna
fisheries in the Indian Ocean. During the last two
decades, while the tuna fisheries of the Indian Ocean has.
developed on certain lines and seen major shifts and new
foreign entries into this sector, we have been discussing.
and debating on the possibilities of embarking on funa
fishing in the offshore waiers and ihe high seas. At the
Institute, even in the early sixties atiention was focussed
on this important resource and the need for develop-
ment programmes to be taken up.

Ofien the lack of cent per cent resources data has been
a cover for indecisions in policy planning at our end,
while commercial scale operation of ceriain types of
tuna fishing have been in full vogue in the Indian Ocean
infringing also on our EEZ and results are well docu-
mented. Nowhere has tuna fisheries developed afier a.
compleie resources survey has been conducted. How-
ever, monitoring of ihe stocks is a musi chiefly based.
on commercial caiches supplemented by information
from recruiimeni siudics, tagging and so on. Tuna
fishery is capiial iniensive with elemenisof risk, especially
.on account of {he highly migraiory habiis of the species.
A oohereni naiional policy combined with initiative:
from the fishing indusiry is the need of the hour. Are
we prepared io take the plunge ?

In view of the wrgeni need to have a proper infor--
mation base to help vndersiand the posiiion, we have
taken the task of preparing ihis repori. Information
from other ocean areas which are relevani to the present.
work is also included here, {0 help the reader under-
stand the problem betier. I is hoped that this over
view of the situation on the resources of tumas and
related fishes and their fishery in the Indian Ocean wilk
be of help to our planners, decision makers and the
fishing indusiry.

TUNA RESOURCHR



I

TAXONOMY AND DISTRIBUTION OF TUNAS, TUNA-LIKE FISHES AND
BILLFISHES IN THE INDIAN OCEAN

The published accounts since 1960 on the tunas and
relzicd fishes have already provided valuable infor-
mation on the species of these scombroids occurring
in the Indian Ocean, and also on the populations of
certain species taken by the commercial and research
operations (Collette, 1978 ; Collette and Gibbs, 1963 ;
Collette and Chao, 1975 : Gibbs and Collette, 1967 ;
Iwai et al., 1965 ; Jones, 1963a, 1963b ; Jones and Silas,
1960, 1963a, 1963b, 1964 ; Klawe, 1980b ; Mimura,
19633, 1963b; Nair et al., 1970; Nakamura, 1965 ;
Silas, 1963a, 1963b, 1963c, 1964 ; Silas et al, 1981;
Williams, 1963a, 1963b; Yoshida and Otsu, 1963).
More information is waunting on the underexploited

groups of tuna-like fishes such as bonitos in the

coastal and oceanic realms of the Indian Ocean(Uchida,
1981 ; Yoshida, 1979). Despite the fact that billfishes
form part of the marine fishery resources and are com-
mercially exploited by different countries of the Indo.
Pacific, very litile attention has been paid to study these
fishes from the Indian Ocean (Beardsly et al., 1975; Jones
and Silas, 1964 ; Kikawa, 1975; Momow, 1964;
Nakamura, 1975 ; Nakamura ez al., 1968 ; Rivas, 1975 ;
Ueyanagi and Wares, 1975; Palco-ez al,, 1981). Since
billfishes are also taken along with tunas especially in the
longline and surface trotling, information on tunas and
related fishes and billfishes are included in this report.

The present state of the scheme of classification i as
follows :

The family Scombridae can be divided into two sub-,
families, the QGasterochrismatinae and Scombrinae,
Gasterochrismatinae contains the aberrant species
Gasterochrisma melampus Richardson. In the sub-
family Scombrinae, the bonitos comprise & tribe Sardini,
with five genera (Orcynopsis Gill, Cybiosarda Whitley,
Sarda Cuvier, Gymmosarda Gill and Allothunnus
Serventy) of which the genus Orcynopsis Gill is endemic
to the eastern Atlantic. Higher tunas (duxis Cuvier,
Euthynnus Lutken, Katsuwonus Kishinouye and Thumms
South) belong to the tribe Thunnini.

The ‘more premitive mackerels (Tribe ! Scombrini,
Genera Scomber Linnaeus and Rastrelliger Jordan and
Dickerson) and spasish mackerels (Tribe : Scombero-
morini, Genera Grammatorcynus Gill, Scomberomorus
Lacépide and deanthocybium Gill) are not dealt 'mth in
this report.

Different species of tunas and tuna-like fishes belong-
ing to the tribes Thunnini and Sardini, and billfishes
belonging to the families Istiophoridae and Xiphiidae
having distribution in the Indian Ocean are tabulated
below elong with their English and Japanese na-melami
abbreviations used by FAO;

T

FAMILY SCOMBRIDAE

TRUE TUNAS
English Japanese Fd0
_ abbreviation
Tribe THUNNINI
Thunnus alalunga (Bonnaterre, 1788) ¢ Albacore Binnaga ALB
T. albacares (Bonnaterre, 1788) : Yellowfin tuna Kibada YFT
: s Sotithern bluefin tuna Minami maguro SBEF - -

T. maccoyii (Castelnau, 1872)




English Japanese F40

Abbreviation
T. thynnus (Linnaeus, 1758) : Northern bluefin tuna BFT
T, obesus (Lowe, 1839) : Bigeye tuna Mebachi BET
T. tonggol (Bleeker, 1851) : Longtail tuna Koshinaga LoY
TUNA-LIKE FISHES
Euthynnus affinis (Cantor, 1850) : Little tunny Yaito KAW
Katsuwonus pelamis (Linnaeus, 1758) : Skipjack tuna Katsuo SKJ
prox Euthynnus Silas, Pillai and
Mouthiah, 1981 :
Auxis thazard (Lacépéde, 1803) :  Frigate tuna Hirasado FRI
A. rochei (Risso, 1810) : Bullet tuna Marusado BLT
Tribe SARDINI
Allothunnus fallai Serventy, 1948 : Slender tuna SLT
Cybiosarda elegans (Whitley, 1935) : Leaping bonito LEB
Sarda orientalis (Temminck and : Oriental bonito/ Hagatsuo BIP
Schlegel, 1844) Indo-Pacific bonito
Gymnosarda unicolor (Rtppel, 1838) ¢ Dogtooth tuna Isomaguro DOT
FAMILY ISTIOPHORIDAE
BILLFISHES
Sub-family Tetrapturinae
Istiophorus platypterus : Sailfish Bashokajiki SAI
(Shaw and Nodder, 1792)
Tetrapturus angustirostris Tanaka, 1914 : Shortbill spearfish Fuwarai kajiki SSP
T. audax (Philippi, 1887) : Stripsd marlin Makajiki MLS
Sub-family Makairinae
Makaira indica (Cuvier, 1831) : Black marlin Shirokajiki BLM
M, nigricans Lacépéde, 1802 : Blue marlin Kurokajiki BUM
M. tenuirostratus (Dersniagala, 1951)
FAMILY XIPHIIDAE
SWORDFISH
Xiphias gladius Linnaeus, 1758 ! Broadbill swordfish . Mekajiki SwWo

 ~ TUNA RESOURCES



Tunas and Tuna-like Fishes : Distinctive
Characteristics of the Species

Li Tongue without dorsally projecting ridges

Lii Tongue witha pair of projecting cartilagenous-
ridges

ILi Gill rakers slender, 70-80 on first gill arch ;
teeth on jaws minute, 40-45 on each side

........ Allpthomnus  fallai  Servent y.

ILii Gill rakers relatively large, 8-21 on first gill
arch ; teeth on jaws large, 10-30 on each side

ILi First dorsal with 12-14 spines ; body without
spots or stripes; total second dorsal rays
including dorsal finlets 19-21 ; cavdal vertebrae
19 and total vertebral count 38

........ Gymmosarda unicolor (Riippel)

ILii First dorsal with 16-19 spines ; upper part of
body with dark spots or dark horizontal stripes
and the lower part with a few horizontal
stripes ; total second dorsal rays including
finlets 22-27; caudal vertebrae range from
20.26 and total vertebrae 44-48

IV.i Tongue edentulous; 6-9 narrow dark hori-
zonial bands on upper part of body and lower
half of body silvery ; caudal vertebrge range
from 20-22 and total vertebras 44-45

....Sarda orientalis (Temminck and Schlegel)

IV.ii Tongue with two patches of teeth ; upper part
of body with conspicuous dark spots, linearly
arranged ; few longitudinal stripes on lower
half of body; caudal vertebrae range from
23-26 and total vertebrae 47-48

........ Cybiosarda elegans  (Whitley)

V.i First and second dorsal fins widely separated
by distance exceeding length of base of first
dorsal fin

V.i First and second dorsal fins contiguous or
separated only by a narrow space not exceed-

.ing diameter of orbit
. ...;.a..VI[
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VLi Corselet of scales short, tapering abruptly
along the lateral line behind the first dorsal ;
it is not more than 4-5 rows of scales wide in
a line below second dorsal ; gill rakers 39-42 ;
pectoral fin extending posteriorly to a vertical
line from anterior margin of dorsal scaleless
ares ; oblique to nearly horizontal dark wavy
lines in the dorsal part of body

........ Auxis thazard (Lacépéde)

VLii Corselet of scales long, continving as & wide
band along lateral line behind first doreal; it
is more than 6 rows of scales wide in a line
below second dorsal; gill rakers 40-47;
pectoral fin not extending to the vertical line
from anterior margin of dorsal scaleless area ;
dark wavy lines in the dorsal part of body

nearly vertical
e eeeeas Auxis rochei (Risso)

VILi Four to five dark oonspicilous longitudinal
stripes on lower half of body; 13-16 spines
in first dorsal fin ; gill rakers 53-63 on first arch

........ Katsuwonus pelamis (Linnaeus)

VILii Dark longitudinal lines absent on belly ; 11-14
spines in first dorsal fin ; gill rakers 29-43 on
first gill arch

VIILi Scales on body are confined to corselet and
lateral line ; few conspicuous black spots on
sides of body below pectoral base and behind
corselet ; pectoral fin rays 26-27

...... . . Euthynnus affinis (Cantor)

VIILii Body completely covered with scales; con-
spicuous black spots or stripes absent on sides
of body ; pectoral fin rays usually 30-36

IX.i Pectoral fin very long; about one and half
times head lengih, its tip reaching beyond the
end of second dorsal fin base ; body deepest
at or slightly before level of dorsal fin ; caudal
fin with a narrow whiie posierior margin

........ Thunnus alalunga (Bonnaterre)

IX.ii Pectoral fins short to moderately long, not
reaching end of second dorsal fin base ; body
deepest near middle of first dorsal fin ; caudal
fin without white posterior margin



X.i Gill rakers 19-26 of which 13-19 are on lowet
limb ; lower part of belly with pale streaks
or spots, mostly horizontally oriented or
without specific orientation ; finlets dusky and
faintly tinged with yellow colour

........ Thunnus tonggol (Bleeker)

X.ii Gill rakers on first arch 23 or more; lower
part of belly either lacking in pale streaks or
spots or when present they are vertically
oriented ; finlets black coloured or yellowish

XI.i Pectoral fin long, more than 80%; of head
length ; gill rakers on first arch 23-34

XLii Pectoral fin short, less than 80%; of head
length ; gill rakers on first arch 31-43

XILi Second dorsal and anal fins of large specimens

clongated, length greater than 209, of fork

- length ; liver without striations on ventral
surface

«ovv oo Thunnus albacares (Bonnaterre)

XILii Second dorsal and anal fing not elongated,
length equal to 20%; of fork lengih or less in
all sizes: liver straited on ventral surface

esesoo. Thunnus obesus (Lowe)

XIILi Number of gill rakers 34-43 (mean 38.4);
caudal keels are dark; first ventrally directed
parapophysis on 8th vertebra

veevvosThunnus thynnus (Linngevs)

XIILii Number of gill rakers 31-40 (mean 33.7):

caudal keel vellowish ; first ventrally directed
parapophysis on Sth veriebra

........ Thunnus maccoyii (Castelnau)

The following species synopses has been prepared
to facilitate field ideniification, based primarily on the
literature and on the original information collected by
the authors.

Symopses of Species
Thurnus alalunga (Bonnaterre, 1788) ¢ Albacore
(Figs. 1, 2 ; PL II)

Body moderately robust and fusiform ; depth of body
greatost near dorsal and anal fin origin ; eyes relatively
large ; first gill arch with 25-32 gill rakers; a narrow inter-

6

space separates the two dorsal fins ; second dorsal fin
lower than first ; 7-9 dorsal finlets ; pectoral fin very
long, ususlly 31% of fork length or longer, posteriorly
extending to base of second dorsal fin or even up to

Fig. 1. Albacore,' Thunnus alalunga (Bonnaterre) {From Fischet
and Whitehead, 1974).

second dorsal finlet ; anal finlet 7-8 ; interpelvic process
paired ; scales small ; caudal peduncle slender, bearing
u strong keel laterally between two smaller keels ; ventral
surface of liver striated ; other distinctive characters of
this species are : (i) narrow white caudal fin margin,
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. Fig. 2. Distribution of albacore in the Indian Ocean.
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(ii) dark anal finlets, and (iii) relatively long pectoral
fin.

Upper part of the body of metalic blue colour ; lower
sides and belly silvery ; second dorsal fin and anal fin
lightly yellow, former black tipped.

Cosmopolitan in tropical, subiropical and temperate
waters of the Indo-Pacific (West and Central) and
Atlantic oceans ; its distribution in the Indian ocean is
between 5°N and about 35°S.

Common size : 40-100 cm

Thunnus albacares (Bonnaterre, 1788):
Yellowfin tuna

(Figs. 3, 4; PL I)

Body elongate and fusiform ; body depth less than
25% of fork length ; caudal portion elongated ; first

gill arch with 26-34 gill rakers; a narrow inierspace’

separates the two dorsal fins ; interpelvic process paired ;
dorsal and anal fins very long in large specimens (over
209, of the fork length) ; pectoral fins moderately long,
usually reaching beyond second dorsal fin origin but
not beyond the end of iis base ; body with very small
scales, but area of the corselet distinct with large =cales ;
caudal peduncle slender with a strong lateral keel bet-
ween two smaller keels; ventral surface of the liver
plain without any striations.

Fig. 3.
{From Fischer and Whitehead, 1974).

Yellowfin tuna, Thunnus albacares (Bonnaterre)

Metalic blue or blue-black above the belly ; belly
with about 20 broken nearly vertical pale lines ; dorsal
and anal fins and dorsal and anal finlets with a narrow
black border.

Cosmopolitan in the tropical and subtropical areas of
the Indo-Pacific and Atlantic oceans ; in the Indian
Ocean, msinly distributed north of 30°S.
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Fig, 4. Distribution of yellowfin tuna in the Indian Ocean.
Common size : 50-150 cm

Thunnus maccoyii (Castelnau, 1872)
Southern bluefin tuna '

(Figs. 5,6 ; P1. I)

Body large, fusiform and robust in front ; first gill
arch with 31-40 gill rakers; & narrow interspace
the two dorsal fins ; second dorsal fin higher
than the first ; 9-10 dorsal finlets ; pectoral fin very short,
less than 80 of head length, scarcely reaching the inter-
space between the dorsal fins; interpelvic process
paired ; anal finlets 8-9; scales very small; caudal
peduncle with very strong lateral keel between two
smaller keels ; swimbladder present ; liver with stria-
tions on the ventral surface.
Dorsal side bluish black, lower side and belly silvery
white ; pale trangverse lines alternating with dots on

the sides of the body ; first dorsal fin with bluish yellow
colour, second reddish brown ; anal fin and finlets dusky
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yellow, edged with black colour ; caudal keels yellow in
aduls.

Fig. 5. Southzrn bluefin tuna, Thunmus maccoyii (Castelnau)
(From Fischer and Whitehead, 1974),

Distributed in the sub-tropical and temperate waters
of the southern regions of the Indo-Pacific and !Atlantic
Oceans. In the Indian Ocean this species has been
recorded from South Africa, eastern Indian Ocean, south
of Java (Indonesia) and western Auvstralia,

Comnion size : 160-200 ¢m
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Fig. 6. - Distribution of southern bluefin tuna in the Indian
Ocean. The area of surface fishery along south west Australian
coast and the Great Australian Bight is also indicated.
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Thunnus thynnus (Linnaeus, 1758) :
Northern bluefin tuna

(Figs. 7, 8)

Body streamlined, robust and slightly compressed in
cross section ; pectoral fin very short, not reaching the
origin of second dorsal fin and hardly 17-207; of fork

Fig. 7. Northern bluefin tuna, Thummus thynmnus (Linnaeus)
{From Iwaii ef al, 1965). .

length ; 8-9 dorsal finlets and 7-8 anal finleis ; first
gill arch with 34-43 gill rakers ; first ventrally directed
parapophysis situaied on ihe eighih vertebra ; cutaneous
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Fig. 8. Distribution of northern bluefin tunain the Indian
Ocean (From Iwaii et al., 1965).
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blood vessels pass between 3rd and 4th ribs.
liver densely sirizied, and with veins ventrally ;
most part of the head naked; cheek scales rela-
tively large, rest of the body fully covered with fine
scales ; corselet of large scales present behind the head.

Dorsal side bluish black ; lower side and belly silvery
white ; caudal keels dark.

Distributed in the subtropical and temperate waters
of the Pacific and Atlantic Oceans, Mediterranean Seoa
and Black Sea. Klawe (1980) remarks that its occur-
rence is * sporadic in the Eastem Indian Oceml

Common size : 200-300 em.

Thunmus obesus (Lowe, 1839) : Bigeye tuna
(Figs. 9, 10 ; PL. II)

Body very broad, slightly compressed laterally ;
ventral margin of the body curved ! caudal portion short;
head and eye farily large ; first gill arch with 23-31 gill
rakers ; two dorsal fins, separated by a narrow inter-
space ; 8-10 dorsal finlets; pectoral fin moderately
long in larger specimens, gradually tapering towards
distal end and scarcely pass beyond the origin of second
dorsal ; in smaller specimens (zbout 1 m long) they reach
the first dorsal finlet and the vertical through the middle
of the anal fin ; second dorsal and anal only a little

Fig. 9. Bigeve tuna, Thunmus obesus (Lows) (From Fischer and
Whitchead, 1974),

higher than the first dorsal, and they are comparatively
narrow and falciform ; caudal fin widely expanded,
wider than the height of the body ; interpelvic process
paired ; 7-10 anal finlets ; scales in the corselet relatively
large ; caudal peduncle slender with a strong lateral
keel between two smaller keels ; air bladder well deve-
loped and divided at anterior end ; ventral surface of
the liver striated.

Back black to greénish blue, sides and belly silvery
white ; first dorsal fin deep yellow, second dorsal and
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anal fin slight yvellow ; ﬁnlets bnght yellovnsh edsed.
with black colour.
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Fig. i0, Distribution of bigeyetuna in the Indian Ocean,

Cosmopolitan in the tropical and sub-tropical waters
of the Pacific, Atlantic and Indian QOceans. In the
Indian ocean, this species is found mainly north of 30°S,

Common size_‘ : 60-180 om

_ T}ummu tonggol (Bleeker, 1851) { Longtail tuna
o (Figs. 11,12 ; PL.I)

Body fusiform and rounded ; caudal region com-
paratively long, longest in large specimens ; 19-26 gilt
rakers in the first gill arch; a narrow interspace separates
the two dorsel fins ; second dorsal fin higher than the
first dorsal ; 9 dorsal finlets ; pectoral fin moderately
long, 22-31%, of the body length in smaller speci-
mens and 16-229] in larger specimens; interpelvic
process paired i anal fin followed by 8 finlets ; scales
very small ; a strong keol present in the caudal peduncle
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between two smaller keels ; caudal keels very large; Auxis rochei (Risso, 1810) ; Builet tuna
caudal lobes expanded ; swimbladder absent or rudi- : o 13 14 ¢ :
mentary ; liver without siriations on the ventral side. (Figs. 13, 14; PLT)

Body elongated and rounded; dorsal ouiline
moderately curved ; two dorsal fins, separated by a large

Fig- 11. Longtail tuna, Thunnus tonggol (Bleeker) (From Fischer
“and Whitehead, 1974).
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 Fig. 13. Bullet tuna, Auxis rochei (Risso). Inter-pelvic process
and extension of corselet are also indicated (From Fischer and

i IR

. €19 Whitchead, 1974),
" N\ :
20 L Se' e, Tow  welt  0%E _1met  LwE_ 120% Vi
% L 1 B S
k B \) fJ. Auxis roche/ .
: Fio A T J o
= 17 N — —— Presumed southern limit
’ / ? “((2 71
A1) Q o ‘?‘- - g
5 1 -
o) b
EY ]—7} u "u \‘ W
5 / TrT /
* 20 / /0
5 /f !’Jr’__:.\ ] \‘7 -
£ 19*
N l 1% 4
,% - 19 N
3 k o —"‘l
2 J._
;"'C_ EX i e Ty A T ] S E 0t Vest L o€ 130 | .../
I JQ'PF "‘_'_“_" Lk o “"P....,__ e s T P T
Fig. 12, Digtribution of longtail tuna in the Indian Ocean. o - : :
3
Dark blue or bluish black on the back ; lower sides "
and belly silvery white with pale spois and sireaks ¢
oriented horizontally ; tips of second dorsal fin and anal | - ; —+
fin tinged with yellow colour ; dorsal and anal finleis I ' | ] I L ‘ .
yellowish with greyish margin. ) !W-_ﬁ?ﬁ':;? O ‘ao': TE veoC Ti0E PR0E 190
Common size : 40-70 cm Fig. 14." Distribution of bullet tuna in the Indian Ocean.
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interspace, the length of which is slightly shorter than
head length ; 8 dorsal finleis ; pectoral fin short, not
reaching the vertical line bengath the anterior margin of
scaleless area above the corselei ; body naked except
for the corselet of scales which taper gradually to 9-10
irregular scale rows at veriical through second dorsal ;
candal peduncle with small lateral keels ; interpelvic
process single.

Upper pal.:t of the body bluish ; lower part silvery ;
head with purple colour ; about 15 fairly broad, nearly
vertical dark bars in the scaleless area.

Widely distributed in the iropical and snbtropical parts
of the Indian and Pacific oceans ; In the Indian Ocean,
this species has been recorded from north of 40°S in
the inshore waters and around oceanic islands.

Common size : 15-25 cm

Auxis thazard (Lacépéde, 1803} : Frigate tuna
(Figs. 15,16 ; PL.I)

Body robust, slightly compressed laterally ; head
large, tapering to a pointed snout ; first dorsal fin with
10-12 spines, separated from the second by a large inter-
space which is atleast equal in length to the base of the
first dorsal fin; 8 dorsal finlets ; pectoral fin short,
reaching past vertical line from anterior margin of
scaleless grea above the corselet ; interpelvic process
gingle ; 7 anal finlets ; small pointed teeth present on
boih the jaws; lateral line without a distinet arch, slightly

R
-+

Fig. 15, Frigate tuna, Auxis thozard (Lacépéde). Interpelvic
process and extension of corselet are also indicated, .
(From Fischer and Whitchead, 1574).
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curved and with small undulations ; body naked except
for corselet ; corselet well developed, with a posterior
prolongation of scales (not more than five scales under
the second dorsal fin origin) ; central keel on each side
of caudal fin base between two small lateral keels ; gill
rakers close set, long and slender numbering 39-42,

Back bluish ; head dark, light brown below ; about 15
or more narrow, oblique to nearly horizontal black bars
in the scaloless area above Iateral Line.

Auxis thazard

=~ — Presumed southern limit
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Fig. 16. Distribution of frigate tuna in the Indian Ocean. .

Distributed in the tropical and sub-tropical waters
of the Indian and Pacific oceans ; often occurs in large
achools in the inshore areas. From the Indian Ocean
this species has been recorded in the arca between west
coast of Australia and east and south Africa.

Common size : 25-40 cm

Euthynnus affinis (Cantor, 1850) : Liitle tunny
(Figs. 17, 18 ; PL. )

Body elongate, fusiform and robust ; first and second
dorsal fins are separated by only a narrow interspace ;
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anterior spines of first dorsal fin much higher than those
in the middle, thus giving the fin a concave outline ;
second dorsal fin lower than the first; 8-10 dorsal
finlets ; pectoral fin short, iis tips not extending up to

Fig. 17. Little tunny, Euthynnus affinis (Cantot) (From Fischer
and Whitehead 1974).

the interspace between the dorsal fins ; interpelvic pro-
cess paired ; anal fin followed by 6-8 finleis ; body
naked excepi for corselet and lateral line; caudal
peduncle slender, with & prominant caudal keel laterally
in between the two small keels at the base of caudal fin,
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Fig. 18. Distribution of little tunny in the Indian Ocean.
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Upper pari of the body bluish black and lower part
silvery whiie; characierisiic black spots beiween
pectoral and pelvic fins ; dorsal Lo the lateral line, behind
the corselet {here are & number of blue-black broken
wavy lines directed backwards and upwards.

Disiributed in the warm and yropical waters of the
Indo-Pacific, sporadicin the easiern Pacific Ocean. In
the Indian Ocean it is widespread from the east coast of
Africa 10 wesiern Australia and from around the oceanic
islands.

Common size ;: 40-60 cm

prox Euthynnus sp. nov, ? Silas, Pillai and Muthiah, 1981
(Fig. 19a, 19b)

Body fusiform and elongaie ; laieral line single with a
downward curve below second dorsal fin and steep rise
above pectoral fin ; corselet well developed and with a
bluni bulge adjaceni to tip of pecioral fin ; dorsal fins
more or less contiguous, a shori gap separating the iwo ;
first two spines of ihe first dorsal fin nearly equal in
length and succeeding spines progressively shorier,
thereby giving dorsal outline of the fin a concave shape ;
second dorsal and anal lobes shorier, followed by 8
dorsal and 7 anal finleis ; peciorals short, more than
half of the head length ; shape of the pectorals is very
peculiar in thai it iapers io posterior tip abrupily and
the rays present a iriangular siructure ; tip of pectorals
reaches to below base of the 11th spine of firsi dorsal
fin in the vertical plane. Inter-pelvic process long,

Fig. 194 Euthynnus spnov.? Silas, Pillai and Muthia (From
Silas er. o, 198]),

divided asymmetrically ; posterior margin of operculum
relatively straight; pre-operculum smoothly rounded
in posterior outline ; gill rakers well developed on first
arch with 13 numbers in the upper limb, 1 in angle and
29 in lower limb thus totalling to 43 ; ventral view of
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viscera follows the pattern of genus Euthynnus ; total
number of vertebrae is 40 (20 caudal and 20 pre-caudal) ;
seventh vertebra from last caudal veriebra is squarish
or ‘ box-like .

Pattern of dorsal markings and those in the belly
distinctive from any described species of tuna ; four
horizontal black stripes present on the dorsum on each
side ; these stripes starts from the corselet and extend
towards the caudal region; background colouration of
the dorsal side bluish black with grey and silvery shades ;
belly silvery, marked with seven dark, thick, interrupted
stripes extending from below the pectoral fin to the
caudal region ; some of these stripes unite posteriorly
above the posterior tip of anal base.
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Fig, 195, Occurrence of Euthynnus sp.nov.? in the Indian Ocean.

This specimen was described by Silas et al., (1981). It
appears to be an intergrade between what is observed
in the genera Euthynnus and Katsuwonus for the follow-
ing reasons :

(i) Presence of continuous horizontal stripes on
the dorsal side and black stripes on the belly ;
(ii) shape of the pectoral fin ;
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(iii) configuration of the posterior margin of the
scaly area ;
{iv) number of gill rakers (43), and
(v) vertebral number and the “ box-like’ seventh
precaudal vertebra which is very unlike the
condition seen in Euthynnus and more akin to
Katsuwonus,

One specimen (56.2 cm), collected from off Man'galore
in the depth between 5-11 m on 19-5-1980.

Katsuwonus pelamis (Linnaeus, 1758).: Skipjack tuna
(Figs. 20, 21 ; PL. )

Body robust;. rounded and eclongate; maxillary
reaching nearly or quite opposite to middle of eye; a
short interspace separates the two dorsal fins ; margin
of first dorsal fin concave ; first dorsal spines 14-16 and
the fin originates a little behmd the insertion of pectoral ;

7-9 dorsal finlets ; pectoral fin ghori ; 1nterpelv1¢ process
paired ; anal ﬁn.lets 7-8 ; body scaleless except for cor-
selet and lateral line ; corselet well defined ; lateral line
with a downward curve below second dorsal ; a strong
keel present on each side of the base of caudal fin bet-
ween two smaller keels ; margin of first dorsal fin con-
cave ; no teeth on palatine, vomer or tongue.

Fig. 20. Skipjack tuna, Karsuwonus pelamis (Lmnacus) (From
Jones and Silas, 19634).

Backside with metalic blue colour tinged with violet ;
belly silvery ; three to five longitudinal, dusky to black
stripes below lateral line on each side of the body::

Cosmopolitan in the tropical and sub-tropical waters
of the Indo-Pacific and Atlantic oceans, In the Tndian
Ocean this species has been recorded from off south
and east coasts of Africa, Gulf of Aden, Red Sea,
Lakshadweep Sca, Maldives, Guif of Mannar,
Secychelles, Mauritivs, Reunion, Madagascar, seas

13


file:///Nsv_-_

around Sunda Archipelago, western Australia and in the numbering 72-80, whick is more than in any scombroid
oceanic waters, fishes ; swim bladder absent.

Upper half of the body covered with scales ; body
bluish without distinct markings.

0L pa0'E  130°E 4E0TE L AME

Kotsuwonus pelamis
1 A Known occurrence of Pacific and Atlantic oceans. It is sporadic in the

Distributed in the southern regions of the Indo-

larvae and aduits eastern Pacific Ocean,

2 <ﬁ§ Common size¢ ¢ 60-80 ¢m

o2 ’/ 3 4 ) G-;"/: Cybiosarda elegans (Whitley, 1935) : Leaping bonito
,a. WV i Mo~ )| R . (Figs. 23,27)
.- i . 5 =
. ' ‘ ey This species shows similarity to those of the genus
/ YATA / 778 =TV T3  Sarda in body proportions, but it has the tongue with

k1 VYNNI S | teeth, first dorsal fin much higher than the second and
" ; %y J 171171/ A spots above the laterat line ; jaws with curved conical
t 3 A ANAALL AN NG tecth arranged in a single series ; villiform tecth on
. / vomer ; dorsal spines 16-18 ; gill rakers 12-15; a pair
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Fig. 21. Distribution of larvae and adults of skipjack tuna
in the Indian Ocean, with areas of common occurrence stippled,

Common size : 40-80 ¢cm
Fig. 23. Xeaping bonito, Cybiosarda elegans (Whitley) (From
Collette and Chao, 1975).
Allothunnus fallai Serventy, 1948 : Slender tuna . )
(Figs. 22, 27) Dark spois above the lateral line and dark longi-
88 L tudina! stripes below.
Body clongate, with corselet of scales well developed ; Disiributed in the coasts of eastern and western
jaw teeth very small, 40-45 on each side, very minute and Australia between about 20°-35°S
compressed ; tongue, vomer and palatine are edentu- '
lous ; gill rakers fine and numerous on the first arch, Common size : 3545 cm

Sarda orientalis (Temminck and Schiegel, 1844):
' Orienial bonito

(Figs. 24, 25; PL T)

Body small and tender ; mouth wide, upper jaw reach-
" Fig. 22. Slender tuna, Allothunnus fallai Serventy (From Col- ing to hind margin of the orbit or beyond; upper jaw
lette and Chao, 1975). with 12-20 teeth on each side and lower jaw with 10-17
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tecth ; vomer and tongue devoid of teeth ; gill rakers
8-13 on the first arch ; corselet narrow, extending up
to the tip of the pectoral ; two dorsal fins, which are
more or less contiguous ; first dorsal fin with 17-19
spines ; dorsal finlets 7-9 and anal finlets 6-7 ; pectoral

Fig. 24, Oiental bonito, Sarda orientalis (Temminck and
~ Schiegel) (From Coliette and Chao , 1975).

fin short with 23-25 sofi rays ; interpelvic process paired ;
body covered with minute scales: anterior corselet
with modified scales ; keel on each side of the caudal
peduncle between two smaller keels ; gill rakers fewer,
numbering 8-14 ; swim bladder absent.
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Fig. 25. Distribution of oriental bonito in the Indian Ocean
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Back and upper sides of the body metalic blue ; lower
side and belly silvery ; upper half of the body with about
8 biuish lines passing upwards ; juveniles and young
have varying number of dark, transverse bands, which
in the older specimens get divided into narrow longi-
tudinal stripes joining together in the upper pant of
the body.

Distributed in the coastal regions of the Indian Ocean
and western Pacific ocean. In the Indian Ocean, pre-
vious distributional records of this species are from the
east coast of Africa, Seychelles, Somalia Coast, Gulf of
Aden, Red Sea, Arabian Sez and western Australia.

Common size : 30-50 ém

Gymnosarda unicolor (Riippel, 1838) : Dogtooth tuna
(Figs. 26, 27)

Body elongate, fusiform and slender posteriorly ;

. head elongated, longer than the depth of the body;

snout pointed ; conical teeth well developed, large and
conspicuous in both the jaws ; two distinct patches of
villiform teeth on tongue; vomerine ieeth absent ;
corselet small ; body naked; lateral line prominent,
arched over pectoral fin ; first dorsal fin with gradually
sloping margin ; pectoral fin with 25-28 rays, and
shorter than head ; second dorsal and anal fin concave
posteriorily ; 11-14 gill rakers; interpelvic process
single ; caudal peduncle with well developed median
keel and two lower lateral keels.

Fig. 26, Dogtooth tuma,
(From Silas, 1963¢).

Gymnosrada unicolor (Rilppel)

Dark blue along dorsal side above pectoral ; lower
half of body silvery white ; first dorsal fin bluish green ;
other fing and finlets dusky blue except distal portions
of second dorsal and anal fins which are whitish.

Distributed in the Indian and Pacific oceans and Red
Sea. Inthe Indian Ocean this species has been recorded
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from the Lakshadweep Sea, around Maldives, south-
east coast of Sri Lanka, Andamans, Reunion,
Madagascar, Seyshelles and from around nearby ocsanic
islands.
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Fig. 27. Distribution of slender tuna, leaping bonito and
dogtooth tuna in the Indian Ocean.

BILLFISHES
Distinctive Characteristics of the Species

{I) (i) Pelvic fin absent; one pair of caudal keel;
snout long and sword-like, depressed in cross
sectional view ; scales and tecth absent ; first
dorsal fin base short; second dorsal fin
considerably separated from the first dorsal
fin

v+« Xiphias gladius Linnaeus (Monotypic)

(D) (ii) Pelvic fin pfesent'; two pairs of caudal keels ;
snout (bill) relatively short, and nearly round in

cross sectional view ; body covered with long

16

bony scales ; teeth small and numerous ; base
of first dorsal fin fong, and ending close to
second dorsal

(ID (i) First dorsal fin considerably higher than body
depth at level of mid body and it forms the
shape of a sail, coloured bluish black with
small scattered dots; pelvic fin rays long,
with well developed membrane

... .Istiophorus platypterus (Shaw and Nodder)
{Monotypic)

(ID) (i)} First dorsal fin slightly higher than or equal
to body dopth at Jevel of mid body ; pelvic
fin rays short with well developed or mode-
rately developed membrane

(IID) (i) First dorsal fin slightly higher than body depth
at level of mid body; body laterally com-
pressed ; external margin of head between
pre-orbital and origin of first doral fin slightly
elevated ; cranium slender and narrow ; pelvic
fin rays short

(IID) (ii) Height of the anterior part of the first dorsal
fin lower than body depth ; body only slightly
compressed laterally ; external margin of the
head between pre-orbital and origin of first
dorsal fin highly elevated ; pelvic fin rays not
as long, with moderately developed membrane

(IV) () Antedor fin rays of first dorsal fin slightly
higher than remainder and latter nearly equal
in height {0 posterior end of fin ; vent situated
far in front of origin of first anal fin ; origin
of second anal fin ahead of that of second
dorsal fin

...... Tetrapturus angustirostris
Tanaka

(IV) (ii) Anterior fin rays of first dorsal fin somewhat
higher than remainder of fin with height
decreasing gradually posteriorly ; vent situated
close to origin of first anal fin; origin of
second ana! fin vertically below that of second
dorsal fin

...... Tetrapturus audax
(Philippi)
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(V) (i) Pectoral fin rigid and cannot be folded against
side of body )

...... Makaira indica (Cuvier)

(V) (ii) Pectoral fin can be folded back against side
of body

(VD (i) Lateral line system simple without loops or
reticnlations ; distance between firsi anal
origin and lateral caudal keel is less than
distance between origin of pelvic fin and origin
of first anal fin ; chambers of swim bladder
arranged in several tiers

...... Muakaira tenuirostratus (Deraniagala)

(VD (ii) Lateral line system with loops or reticulations ;
distance between first anal origin and lateral
caudal keel is same as distance between origin
or pelvic fin and origin of first anal fin;
chambers of swim bladder arranged in a
single layer

...... Makaira nigricans (Lacépide)

SYNOPSES OF SPECIES

Istiophorus platypterns (Shaw and Nodder, 1792) ;
Sailfish

(Figs. 28, 29 ; PL. ITID)

Body elongate and laterally compressed; snout
long, Tound in cross sectional view ; scales with blunt
single point ; Iateral line curves above pectoral fin and

Fig. 28. Sailfish, Istiophorus platypterus (Shaw and Nodder)
{From Nakamura er al., 1968).
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Fig. 29, Distribution of sailfish in (he Tndian Ocena.

then continues as a traight line towards tail region ;
dorsal fin sail-like, with anterior rays markedly shorter
than middle rays ; it is bluish black in colour and with
scattered dots ; ventral fin rays long, almost reaching
vent ; fin membrane well developed.

Sides of the body with 10-11 rows of striped crest
patterns consisting of many light blue dots.

Distributed in the tropical waters of the Pacific and
Indian oceans. In the Indian Ocean the southern
latitudinal limit of this species is 40°s.

Common size ; 100-240 cm
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Makaira indica (Cuvier, 1831) : Black marlin

{Figs. 30, 31 ; PL III)

Body elongate, slightly compressed laierally ; bill
long, circular in cross sectional view ; tip of scales
long and pointed ; lateral line simple, obscure and

consists of a single, unbranched line ; the most out-’

standing character of this species is that the pectoral

Fig. 30. Black matlin, Makaira indica (Cuvier) (From Naka~
mura ef al., 1968).

fins are rigid and cannot be folded flat against the side
without breaking the joints ; second dorsal fin situated
a little forward to insertion of second anal fin ; chambers
of swim bladder in several tiers,

Dorsal part of the body blackish or dark blue; ventral
side silvery white ; no marks or blotches on the body.

Distributed in the tropical and temperate waters of
the Indian and Pacific oceans; few doubtful records
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Fig. 31. Distribution of black marlin in the Indian Ocean.

from the Atlantic Ocean. Southern distributional limit
of this species in the Indian Ocean is lat. 45°S.

Common size ; 120-350 cm
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Makaira migricans Lacépéde, 1802 ; Blue marlia

(Figs. 32, 33)

Body olongate ; pectoral fin depressible, folds back
against the sides of the body; anterior height of the
first dorsal fin about equal to or longer than distance
between origin of first dorsal fin and insertion of
pectoral fin ; lateral line system loop-shaped ; chambers
of swim bladder arranged in a single layer.

Dorsal side dark blue, ventral side silvery white;

first dorsal fin dark biue: other fing blackish brown
to dark blue,

Primarily distributed in the equatorial areas of the
Indo-Pacific. In the Indian Ocean the southern limits
of distribution of this species are about 40°S in the
western south Indian Ocean and about 35°S in the
castern south Indian QOcean.

Commen size : 120-300 ¢m
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Makaira tenuirostratus (Deraniagala, 1951)

(Figs. 34, 35)

Fig. 34. Makaira teauirostratus (Deraniagala) (From Deraniagala, 1952).
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Fig. 35. Distribution of M. temufrostrarus in the Indian Ocean
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Body elongate; pectoral fin flexible against the
body ; lateral line not visible externally ; chambers of
swim bladder in several tiers; sides of body much
flattened ; anterior part of body before the anal fin
very much compressed laterally.

Dorsal side blackish blue, body sides slightly brownish
with silvery white.

The validity of this species is yet to be established.
In this context reference is invited to the following
works : Jones and Silas, 1964 ; Devaraj, 1976,

Reported from around Sri Lanka, Gulf of Mannar
and the south west coast of India.

Common size : 264 ¢m
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Tetrapturns angustiroséris Tanaka, 1914 : Shortbill Spearfish

(Figs. 36, 37 ; P1. IIT)

Snout very short and round in cross seclional view ;
body laterally compressed and covered with slender
bony scales with 3-5 cusps at tip ; first dorsal fin at
anterior lobe is nearly same as body depik, then being
evel ly high postcriorly ; second anal fin situated anterior
to the second dorsal fin ; pectoral fin shori and narrow ;
vent situated far anterior to the origin of the first anal
fin.

Dorsal side bluish gray, ventral side white io gray.

Widely distributed in the iropical and temperate
oceanic waters of the Pacific and Indian oceans. The
southern limit of the distribution of this species in
the Indian Qcean is aboui 35°8 latitude,

Common size ; 100-180 cm
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Tetrapturus andax (Philippi, 1887) : Striped Marlin

(Figs. 38, 39 ; PL III)

Fig. 38. Striped marlin, Tetrapturus audax (Philippi) (From Nakamura et al., 1968).
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Fig.39. Distribution of striped marlin i the Indian Ocean,
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Snout long, almost round in cross sectional view ;
height of the amierior portion of the first dorsal fin
about the same as the body depth, but gradually
decreasing in height posteriorly ; second anal fin and
second dorsal fin in parallel position; pectoral fin
narrow, with pointed tip ; tips of first dorsal fin and
first anal fin pointed ; vent situated direcily anterior
to the origin of the first anal fin ; body densely covered
with scales, the tips of which are pointed ; lateral lines
on the sides curve over the pectoral fin and then
continue as a straighi line to the area of the caudal fin.

Fin membrane of the first dorsal fin dark blue;
back of body bluish dark ; about 10 or more cobalt
coloured siripes present at the lateral side of the body.

Widely distributed in the tropical and temperate
waters of the Indian and Pacific oceans. In the Indian
Ocean gouthern latitudinal limits of this species are
about 45°S in the western south Indian Ocean and
about 35°8 in the eastern seuth Indian Ocean.

Common size : 80-210 cm
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PrLaTe 1.

b. Top: E. affinis (Cantor), Bottom :

Coastal (unas and tuna-like fishes. a. Ewthynnus effinis (Cantor).
Etthynnus sp. nov T c. Thimus torggol (Bleeker). d. Top : Auxis thazard (Lacépéde), Bottom ; A.rochei (Risso)

e. Sarda oriemtalis (Temminck and Schlegel). f. Kwsuwonus pelamis {Linnaeus). (Photos a, ¢ and e by

E.G.Silas; & by C. Muthiah; 4 and f by P. P, Piliai).



PLaTe II. Tuna longlining on board R/Y. ANTON BRUUN in the Indian Ocean. o Weighing of bigeye tuna
Thirms obesus (Lowe),  b. Weighing of yellowfin tuna Fusnms albacares (Bonnateree). ¢, Catch of bigeye
iuna 7. obesus (Lowe). . Yellowfin tuna T. albacares (Bonnaterre). e. Albajcore T. afulinga (Bonnateire),
F. Top: Young bigeye tuna T. ebesus (Lowe), Bottom : Young yellowfin tuna T, albacares ( Ronnatetre).
g and A Shark eaten vellowfin and bigeye iunas respectively. (Photos ato/ by E. G, Silas).



Prate 111, Bilifishes in the longline catch. a. Young swordfish Xiphias gladius Linnagus. b, Young sailfish Istiophorus
platvpterus (Shaw and Nodder). ¢. Shortbill spearfish Terrapturus angustivostris Tanaka. d. Black marlin
Makaira indica (Cuvier). e. Striped marlin Tetrapturus audax (Philippi). (Photos a by P. P. Piltai on board
M/V. PRASHIKSHANI; 5 to ¢ by E. G. Silas on board R/V. ANTON BRUUN).



¢. Barracuda Sphyraena

PeaTe TV. Tuna longlining. . Lancet fish Alepisaurus ferox. b. Alepisaurus brevivostris.

barractda. o, Trystis atun, e, Dolphin fish Coryphaena hippurus, female. f. same, male. g. Coryphaena
equalis, h. Frozen Japanese saury Colofabis saira used as bait in tuna longlining. (Photos « to / by

E. G. Silas on board R/V. ANTON BRUUN})



Xiphias gladius Linnaeus, 1758 : Broadbill Swordfish

(Figs. 40, 41 ; P1. IIY)

Fig.40. Broadbill swordfish, Xiphias gladius Linnacus (From Nakamura er al., 1968),

In this species upper jaw is conspicuously elongated
and is in the form of a sword; it is depressed in
cross sectional view ; base of first dorsal fin short and
well separated from the base of second dorsal fin; pelvic
fin absent ; caudal peduncle with a single large keel
on each side ; scale and teeth absent.

Dorsal side brownish black ; ventral side light brown ;
first dorsal fin dark brown ; other fins from brown to
dark brown.

A cosmopolitan species ; abundant in the tropical
open sea area ; the southern limit of the distribution
of this species in the Indian Ocean is about latitude 45°S.

Common size : 100-220 cm
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FISHING METHODS

Commercial fishing methods for tunas, tuna-like
fishes and billfishes are of three major kinds, namely
surface hooking, surface netting and sub-surface
hooking. At preseni, surface fishery for tunmas and
billfishes is carried out by pole and line (live-bait)
fishing, purse seining, surface trolling, drift gili-
netting ; and deep sea fishing by longlining. Most of
the inshore fishing is done by a variety of gears such
as drift gillnets, shore seines and set nets. Billfishes
occur as incidental catches in the tuna longline and
they are also taken by harpooning in some parts of
the world. In Raly, Japan and Spain ‘tuna traps’
were employed, but they are being replaced by set
nets. Anchored floating bamboo rafts (Payaos) have
been used for many years off certain islands off the
Philippines as a tool for concenirating tunas and other
fishes which are fished by traditional hook and line
or by purse seining. Two imporiant and commercially
vigble methods of surface fishery for tunas in the
tropical waters are the purse seining, and pole and line
fishery using live-baits.

Surface Fishery

Knowledge of the bebavior paitern of iunas and
billfishes, especially on their schooling behavior is of
basic importance in the success of the surface fishery
for these fishes. Information on different types of
tunas schools, their association witt other organisms
and objects and on tuna hydrography have been accu-
mulated in the past which assist in determining the areas
of good fishing (Laevastu and Rosa, 1963 ; Blackburn,
1965 ; Green, 1967 ; Nakamura, 1969 ; Sharp, 1979;
Evans et al., 1981).

It has previously been reported that generally species
of tunas move in mixed schools of two or more species
often in association with dolphins, which may be due
10 the stimuli common to them such as food. Usually,
tuna schools consist of fishes of the same size and as
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the number of the fishes in the school decrease the
larger they become. Further, some tunas school at
night, the visual fixation point for schooling apparently
being aided by the moon light or bioluminescence.
Japanese fishermen distinguisb tuna schools as
‘mizumochi * and ¢ toromi ’ (densely packed underwater
schools} and *haragaeshi’ (slow moving schools in
which some tunas swim upside down).

York (1977) reported on the school identification of
different species of tunas in the New Zealand waters,
and according to him skipjack shoals first appear as
¢ flashers * or * shiners * due to the sun reflecting on the
sitvery ventral and part lateral surfaces and this stage
is often followed by the recognisable pattern of
‘ boiling * or * foaming school *. When a skipjack school
swims on the surface without actively feeding it appears
as a flat spot or * breezers’ and the solid mass of fish
underwater may appear as a ‘black ball’. York (1977)
stated that the schools of albacores are difficult to
distinguish from the surrounding waters unless they
are close inshore when the school will appear as a
*black ball’. In aerial school identification at low
altitude, occasional ® finners® can be observed and at
certain times they also appear as ‘shiners’ in the
oceanic area. Yellowfin tuna schools with other tunas,
mainly skipjack and occasional ‘ jumpers’ exhibiting
fins and finlets as yellow flashes can be observed during
aerial surveys.

The pattern of * boiling® and * breezing® skipjack
schools observed earlier by one of us (E.G.8.) in the
Lakshadweep Sea is given in Pl. VIL

In order to locate the tuna schools, the knowledge
of their association with other organisms are made use
of. Tunas are frequently found in association with
fishes such as sharks (‘ whaleshark school *) small prey
fishes (* proy fish schoo! *), live and dead whales (‘whale
associated school’), porpoises (‘ porpoise associated
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school®) and birds (*sea bird school’). Tunas asso-
ciated with the preyfish sometimes skip at the susface
of the sea in its pursuit of prey. Tunas such as yellow-
fin in the Pacific are often found in associalion with
dolphins and porpoises such as the common dolphin
(Delphinus delphis), spotted porpoise (Stenella attenuata),
spinner porpoise (S, Jongirostris) and striped porpoise
(S. coeruleoalba), and it has been reported that tunas
swim below the porpoises. The causative factor for
such an association has been attributed 1o be food
based. As a conservation msasure to protect the por-
poises during purse seining pew purse seing systems
called °Bold contender’ and °‘Super apron’ and
* backing down technique * have been introduced in the
Pacific fishery recently,

Pole and line fichermen considerably depend on
sighting bird flocks to locate tuna shoals. The behaviour
of the birds are relied upon o determine the charac-
teristica of the tuna schools such as the species, its gize,
state of feeding and depth and size of school.

Natural and artificial objects which drift in the sea
often serve as attractants for tunas. They frequently
congregate below objects such as logs, drift woods and
floating vessels. Tuna schools sometimes wander as
far as 16 km from such floating objects and then return

to them (Nakamura, 1969). It has been postulated
that the property of drifiing objects as refuge for pre-

dators or as visual fixation point for schooling is the
causative factor for such behaviour. Recently, it has
been reported that tunas are fished in large numbers
from around certain islands of the Philippines using
‘ Payaos’, a floating raft made up of two layers of
bamboo laced together in 2 ‘v’ shape (Murdy, 1980).
‘The vegetative growth on the coconut leaves hung from
the * Payaos’ attracts small pelagic fishes which in
turn aftracts free swimming schools of tunas. Matsu-
moto ¢¢ al., (1981) reported on the ° Fish Aggregating
Devices’® (FAD) moored in Hawaiin waters during
1977-79 and stated that these buoys successfully
attracted numerous pelagic fishes including large schools
of skipjack and ¢mall yellowfin tunas which were taken
by commercial pole and line fishing.

Pole und line (live-bait) fishery

Pole and ling live-bait fishery is mainly employed by
the Japanese and American fishermen in the Pacific
Oceazn. Tuna clippers of the U.S.A. (East Pacific),
the combination vessels of Japan and the pole and line
fishing boats of Hawaii and Franos chiefly employ this
technique to caich the younger ones of large tunas and
other species such as skipjack, albacore, bonito and
little tunny, This method has also become important
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in the ecastern tropical Atlantic and Bay of Biscay:
In the Indian Ocean, pole and line fishing is being
carried out in the Maldives, Lakshadweep Islands,
Sri Lanka, northern Madagascar waters and south-east
coast of Australia, ‘

The fishing gear is a bamboo pole/fibre glass pole,
4.5 to 6.0 m in length, fitted with a line bearing a
barbless hook. The line is made of hemp/cotton/
nylon/vinylon and is about 35-40 cm shorter than the
length of the pole. Barbless hooks are commonly
used, but artificial “ squid hooks * or baited hooks are
more officient when barbless hooks are used (Fig. 42).

Baiting babit of the tunas are relatively good in the
morning and hence the time of sumrise is ideal for
locating tuna schools. On reaching the fishing ground
shoals are dotecied visvally or by trolling tests, observ-
ing the colour of the water or localing the presence of
flocks of sea birds diving. Tuna shoals are also located
visually by searching for surface activities such as
breszing, flashing or fining schools. 'When a promising
shoal has been detected, it is attracted towards the
slowly forward moving vessel by ¢ chumming’ (action
of throwing live-bait overboard). When the school
rises to the bait, the vessel iz stopped and fishing
commences. The fishermen carryout the fishing from
the plstforms speciaily constructed along the bulwark
below the deck level. When the baiting slackens, the
live bait is attached to tho barbless hooks. For larger
fishes of more than 10 kg, two anglers work together
by joining two poles 10 & single hook to bring in the
fish.

Operational detzils of the pole and line fishery varies
in different areas. Japanese fishermen purchase the
live-bait from the dealers and carry them in the bait
wells in the well deck basin in the forward of the vessel-
Water circulation in the wells are maintained through
the holes at the boitom of the tanks. ©Bait carrier
vessels’ also supply bait to the pole and line fishing
vessels at the fishing ground. Fighing is cartied out
at the stern and sides of the vessel. Japanese fisher-
men use the sea water spray system during fishing which
ruffies the surface, presumably presenting the impression
of a shoal of small fishes to the tunas. This system
also helps to conceal the shadows of the vessel and the
fishermen. Unifed Siates tunz fishermen catch bait-
figshes prior to leaving for fishing operations, Live-bait
are caught by lampara nei during day and by lift nets
during night, and are kept ir raized tanks at the quartet
deck, Water circulation is maintained in the tanks by
a powered pump. Fishing is carried out from the
bulwark on the port side and around the stern. Water
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$pray system is not practised by the U.S. tuna fishermen.
Recently, automation of the pole and line in the
Japainese vessels and U. S. tuna clippers have been
adopted which help in reducing the number of the crew,

In Japan, distant water pole and line fishery employ
wooden or steel vessels of 200 and 250 GT (35 m OAL)
fitted with diesel engine of 1,000-3,000 hp. (Ben-Yami,

at -45° to -60°C.). Medium sized tuna pole and line
vessels are generally of 30-100 GT fitted with 400-300 hp
engine and with & speed of 10-11 knots. These vessels
operate in the eastern Pacific, 1,000-2,000 km offshore.
They are fiited with 5-6 live-bait tanks and are with
a crew compliment of 20-25. Other medium type
Japanese vessels consist of 39 GT type (OAL 19.5 m)

Fig. 42, Pole and line (live-bait) fishing gear. Different types of hooks and jiggs in use in the Indo-Pacific
{part [rom Ben-Yami, 1980),

1980). Normally, 10-12 live-bait tanks each with a total
holding capacity of 240-600 kg bait are arranged on
the deck. Refrigeration facility includes 2-4 brine-
freezer tanks (capacity 20-60 t per day at -18°C) and
semi-airblast * sharp freezer” (capacity 2-5 t per day
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with a cruising range of 3,200 km and with a cruising
speed of 8 knots, They are fitted with 250 hp engine
and are provided with 3 bait wells. Uniied States
tuna clippers consist of small 20-40 m boats for opera-
tion in the coastal waters and larger 27-51 m boats
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{60-300 t) for fishing in ihe oceanic waters. Usually,
they are fitied with 200-1,200 hp engine with 9-12 knots
cruising spead

Other vessels mclude Hawaiin sklp;ack pole and line
fishing vessel (1225 m OAL), those used in the
European countries (12-20 m OAL), the vessels employed
in the small scale Japaness pole and line boats
(s 25 GT), Sri Lanka pole and line boais (4.5 m OAL),
Lakshadweep non-mechanised ° odis’ (9.75-122 m
OAL), mechanised boais used in Minicoy and Laksha-

dwoep Islands (7.93-9.14 m OAL), Maldive ‘ dhoni®

(4.90-6.10 m OAL) and the small boats used for pole
and line fishery gt Tahiii (10-11 m QAL). In Ausiralia,
the combination vessel * pole-stern trawler’ is being
fabricated and put o use in the {una pole and line
fishery. -

The major factors involved in the pole and line fishery
are: (/) the supply of live-baits, their handling, main-
tenance and utilisation, and (i) use of barbless hooks
which facilitate baiiing and unhooking in limited time.
According to Sharp (1979) in some fisheries, where bait
is collected in cooler waters (<(26°C) they can be held
in bait tanks for more than one monih and in other
fisheries, which are based on shorter trips and where
the baii fishes are {aken from tropical waters, the
expeciaiion ranges from less than one day to one week.
Japanese pole and line fishermen commonly use
Engraulis japonicus and Sardinopsis melanocera as live-
baits whereas in the East Pacific pole and line fishery
Cetengraulis mysticetus, Sardinops saga, Engraulis
mordax and Sardinops caerulea are being commonly
usod by ihe U.S. tuna fishermen. Bait fishes generally
used by Hawaiin fishermen are Stolephorus parpurensis
and Paranesus insularum. The main problem facing the
pole and line fishery is that large quantiiies of bait
fishes must be readily available, and these should be
collected from the coasial waters. It has been estimated
thai for caiching one tonne of tuna, ihe baiifish require-
ment is about 50-150 kg depending on the quaniities

wed for chumming and density of iuna shoals .

(Johnson, 1966). The problems involved in the fishery,
transporiation and maintenance of iuna live-baiis have
recentdy been discussed (Shomura, 1977; Ben-Yami,
1980) and is included in Chapier VI of this bulletin,
I is noteworchy. that one of the problems associated
with the expansion of the exisiing pole and line fishing
in the ceniral and western tropical Pacific is the lack
of adequate bait fish supply.

The small scale polé a.ild line fishing for iuras in
Minicoy. and nearby islands has earlier been reported
by Hornell (1910), Ellis (1924), Mathew and Ramsz-
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chandean (1956), Jones (1958), Jones and Kumaran

(1959), Verghess (1971), Puthran and Pillai (1972) and

recenily by Ben-Yami (1980). Christy ef al., (1981) has

reported on this fishery in Maldives. The special type

of boais employed in this fishery in the Lakshadweep

are generally of two sizes, viz, 7.93 m and 9.14m QAL.

These are open, square siern, wooden boats fiited with

engines of 10-40 hp. A mast of about 10 em diameier

and 34 m in length is also provided behind the fore-

castle deck for seiting sail if the engine fails. A water

tight wooden baii iank of about 1.0 x0.8 X 0.8 m average
dimension is fited in front of the engine room, The

live-bait is kept in the bait tank by circulating sea waler .
through ihe tank with the help of inlets and outleis.

The space beiwsen the wooden pariitions and the hull

1s covered on the top by wooden planks both on the port

sids and starboard side thereby forming & narrow deck
of 30-40 ¢cm wide on both the sides. 'The space between

the engine and the quarier deck is used as the ﬁsh

hold. .

For pole and line fishing in the Lakshadweep, poles
of sirong and flexible bamboo siicks of 3-4 m in Iength
and with 35-40 mm diameter ai the buit and 20-35 mm
diameter at the tip are used. Polythene or nylon twine
line is aitached at the tip of the pole. The hook is
aitached io this lire by a nylon, continuous mono-
filameni of about 1/3 length of the pole. Barbless,
fead coated hooks of two sizes are uscd in ihe tuna
fishery. One end of the hook is flaitened o avoid it
from slipping from the knot due to the weight of the
fish. The other end is poinied wichout a barb. - The
toial lengih of the line along with the hook from the
pale ead is equol to that of the pole. A water splasher,
mads of wooden pole (about 1.2 m long) and coconut
spathe (40 cm long) is also used during operaiion.
The bait baskets used 1o scoop ihe fish from ihe bait
tanks and throw it in to the sea during chumming
consists of a circular cane frame of about 20 cm
diameier and 10 em in height to which is aitached a
circnlar net piece on one side (6 mm mesh). A circular
plate of about 50 mm is attached io the centre of this
scoop.

Prior io pole and line fishing, baii-fishes are collected
by a ¢ bait net* of size 4.6 x5.5 m and made of cotton
twine. ‘The mesh size at the centre of the net is about
6 mm and around the border aboui 8 mm. - Usually,
the bait fishes are collected in the early morning or on
the previous evening. In order to atiract the bait-
fishes, fish meat paste is generally used. By this method -
of bait fishing it would normally takes about 1} to
2 Hrs to collect about one.thousand bait specimens.
After collecting enough bait-fishes, the fishing vessels
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proceed from the lagoon to the fishing ground. When
a shoal is detecied the vessel is steered in that direciion
and the speed is maintained at 1.5 to 3.0 knots. During
fishing operation the waier splasher is used to splash
water over the hooks in order to conceal them. Tunas
are chummed near the boai by the live-bait which are
thrown overboard. During biting, tunas take the
live-bait and the hooks and are taken on board. At
times tunas take live-bait without touching the hooks.
On such occasions the bait is used on the hooks.
Usually when the fast biting shoals are nearby, the
vessels will be loaded within about 30 minutes. In the
case of slow biting, it may take 3 to 4 Hrs to load the
vessel. Under normal conditions the fishing is con-
tinued uniil dusk,

Purse seine fishery

Large scale purse seining for tunas is employed by
the United States in ihe easiern Pacific Ocean. Japan
employs this fishing method in the area off the east
coast of Japan, off west Africa (two-boat seining) and
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of a tuna purse seine net. Besides this a knowiedge
of the environmental parameters, especially the depth
of the thermocline and surface wind speed are vitally
necessary for the successful operaiion of tuna purse
seine in open oceanic waters. Modern seines generally
range in lengih from about 1,200 m to 1,600 m. The
design depth of fishing is usuatly up to 80 m, but some
nets are designed to fish to nearly 100 m. The gear
conzisis of equal parts of monofilament nylon net laced
together by sieel zipper rings and nylon zipper ropes.
Plasiic floats are threaded along ihe nylon cork line
in groups at fixed intervals. Lower lead line is made
up of a continuous chain, hung at fixed places of
Joinis of the net with bight of chains attached at
intervals. Purse ring bridles holding purse rings are
linked to these bights. Purse line, made up of stain-
less steel wire is passed through these rings. Mono-
filament nylon/vinylon fieiron are the materials used
to construci the nei (Fig. 43).  Although the consiruc.
tion of the net is more or lss siandard, the size of
the nei varies depending upon the ecological condition
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Fig. 43, A typical tuna purse scine net.

western  Souih Pacific (one-boai seining). In ihe
Atlantic, purse seining for tunas is chiefly confined to
the equaiorial waters. Norway, Argentina, France
and Spain also employ this technique for caiching
tunas and bonitos in the Adaniic Ocean and the Medi-
terrancan Sca. Large scale purse seining, as is being
carried out in ihe Pacific Ocean is non-existent in the
Indian Ocean.

High laying out speed, quick sinking, capacity to
withsiand the force of impact of tunas and the final
configuration during pursing are the necessary features
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of the fishing ground and the behaviour paitern of
different spacies of tunas. The two-boat bluefin funa
purse seiners of Japan use a net with cork and lead
line with length of 2,500 m and a depih of 270 m.
Japanese one-boai purse seiners in the wesiern Pacific
area, fishing skipjack and yellowfin use purse scine
with corkline and leadline lengihs of 2,000 m and a dep:h
of 250 m. In the U.8. west coasi purse seine fishery
for yellowfin and albacore neis of more than 1,000 m
lergth are commonly used. Norwegian purse seine
fishing for biuefin tuna chiefly employs nets 670 m
long and 100 m wide. -
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Fig. 44, Single boat purse seine operation (From Anon, 1976).
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Tunas are located during scouting mainly by visuat
sigas including sea-bird flocks and their behaviour.
Some of the developmenis have resulted in purse
seining at night also on * fire balis * or bioluminescence
created by the passing tuna shoals which gives the
ouiline of the school. When a shoal has been located,
and the vessel caiches up with ii, ihe seine net is laid
to encircle the shoal with the help of a power boat
(skiff). After seiting is completed, the skiff hands over
the hauling line and ihe end of the net to the purse
seine vessel. Immediaiely the sieol cable at the bottom
of the nei is pulled in and the net is closed like a
pouch purse (Fig. 44). Power blocks which are
hydraulically operated, hauls the net into the vessel.
The net is then hauled in until the enclosed area is at
& minimum. A power driven brailer transfers the caich
abroad ihe vessel. Usnally the fishes are refrigerated
in the holds to a dry storage temperature of -12°C.
In view of the dsveloping demand for fresh tunas, the
caich is also siored under refrigeration at -50°C using
air-cooled freezers.

Purse scine vessels have a clear afier deck with wheel
house and accommodation well forward. The ideal
speed of tuna purse seine vessels is 16 knots. Power
blocks are mounted on heavy duty derricks and masis
on board the vessel. The turn table for stacking the
net is equipped at the siern. Three or four specially
designed seine drum winches are also provided on the
deck. A comparison of the gross tonnage of the purse
seine vessels employed by different countries is given
below :

Fish GT
Argentiing Bonito 30- 200
France (Mediterranean) Tuna 15- 200
France (West Africa) Tuna 400- 450
U.S.A Tuna 500-1000
Japan (One-boat) Tuna 50- 500
Japan (Two-boai) Tuna 30- 100

In recent years, vessels of 68 m OAL are employed
by US.A. and France. Super seiners of more than
1000 GT are being built by the USSR, With the
the introduction of synthetic material such as nylon
and vinylon for netting, and hydraulically operaied
power blocks, it has become common in the U.S.A. to
convert the iuna clippers into purse seine boais. In
Japan, one-boat carrier type of seiners are becoming
mote prevalent than the two-boat seiners.

In view of the stress on the light purse seine gear
by large shoals of tunas, the larger vessels are equipped
with heavier and deeper nets in recent years. Further,
the iniroduction of ‘ Marco’ power blocks and heavier
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net webbing helped the expansion of this fishery. The
modern tuna super seiners are generally with & capacity
of morve than 1000 GT and can be at the sea for over
60 days fishing under rigorous conditions. A iypical

‘tuna seiner recently built in U.S.A. has an overall

lengih of 68.59 m, a breadih of 12.50 m and a moulded
depih of 5,79 m and the 17 brine wells have a capacity
to hold 1200 tommes of tuna. ‘Marco’ hydraulic
gysiem inciudes * Marco’ superseiner winches and a
* Marco’ 54 inch power block with ‘ Powergrip’. The
elecironic navigationa! equipment includes the scanning
sonar, radars, echosounder, weather-Fax, satellite
receiver and radioequipmenis. For scouiing tuna
shoals, ithe ship carries a 300 turbine powered heli-
copier. Aluminium ‘ chase’ speed boats are powered
by inboard-cutboard uaits (World fishing, 1980).

Surface Trolling

Surface trolling for tunas and billfishes is being
conducied in the coasal waters of many couniries,
especially in the Pacific Coasi of Japan, norih-wesi
coast of U.S.A., west coast of South Europe and in
the coastal waters of some Asian countries. Basically,
trolling is carried out by dragging one or several hooks
(up to 16 lures) from the outriggers or the stern of a
slowly moving vessel. The fish is hooked when it
snaps at the lure and held by the mouth until it is taken
aboard.

The outrigger poles are usually constructed of
bamboo or wood, since they should be light and reason-
ably flexible. The length and size of the pole varies
in different countries. In Japan, poles are about 8-9 m,
which tapers from 10 cm at the base to about 3.8 ¢cm
at the tip. Poles used in the north-west coast of U.S.A.,
are 7.5-13.0 m long and taper from 10.2 cm at ihe
butt to 5.1 ¢m at the tip. The outrigger poles are
generally arranged veriically along the mast of the vessel
by means of sockets at the end of the pole. The lines
are made of hemp rope/fiwisted nylon/monofilament
nylon/dacron. Number and length of lines vary
according to 1he type of operation. In order to absorb
the shock caused when the fish sirikes, a shock absorber
is commonly used beiween the pole and tag line. A
wire leader is aiso used before the jig in order to avoid
the line being cut by the teeth of the fish. But, increased
use of the syntheiic maierial and steel irolling wires
slong with trolling gurdies to handle the fishing line
eliminates these two. In recent years depressors are
also attached to the line which enable operations at
deeper layers. Hooks used are single or double ;
barbed and barbless hooks are also used. Lures are
generally made from feather, plasiic and bone and are
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mostly in the form of arificial squids. Hooks are
attached to these lures.

During operation ihe outrigger poles are lowered so
that they are horizontal and the angle of the pole is
adjusted according to the fishing operation (Fig. 45 a-c).
The speed of the vessel is maintained at 1 or 2 knots
during fishing. The hooking of the fish is indicated
by & jerk in the outrigger and to iake the fish the gurdy
spool is used to wind the line, In those operations
where the tag line and clip arrangements are employed,
the troling line is unclipped when the joint of the

- tagline reaches the rail. Subsequently, empty leaders

are unclipped as hauling continues and the hooked _

fish is taken aboard.
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boats are used in this fishery. Small boats measuring
between 8.2 m and 8.8 m employ seven lines and the
large boats of 9.1-10.4 m uss 9 lines for troiling.
Each of the lines is denoted by separaie names stariing
from the outermost to ihe starboard side. Six of the
troll lines are attached to the booms of varying size.
The boom on the starboard side is 4.3-4.9 m long and
carries 4 lines. The second boom is shorter, 3.0-3.7 m
in Jength and carries 2 lines. The buii end of these
booms rest on the side planks and the basal portions
are rigged by ropes to keep them in position at an angle
of about 40°-45° to the horizonizl. Generafly, the
length of the troll lines aitached io the booms are
33-46 m long where as the other lines may be 27-37 m

TALLIYAY R
YIFavLLE
R vuvd

¥1LLINNNe

VAN iNOL
WYiR3

Al
VI

$
!

Fig. 45, a-. Different types of surface trolling gears and crafts. Flﬁ. ¢ is the one which has been in vogue at Tuticorin
(From Anon, 1975 and 1979 ; Silas, 1967).

Vessels of about 7 m with & crew strength of three
to four persons conduct this fishing in Japan. In the
U.S. west coast fishery, wooden vessels of 10-14 m are
employed for surface trolling. ‘

‘The reguler seasonal fishery for tunas along the

Tinnevelly Coast, Guif of Mannar, which has been in
vogue for over 50 years mainly using muttiple troll has

been described by Silas (1967). Two major types of -
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long and ‘made of three-ply coiion, the diameter of
which being 4.2 mm. Hooks of iwo different types are
vsed measuting between 7 and 8 cm. Trolling is done
with fish bait or with artificial coloured lures (Fig. 45c).

Anchorced Fish Aggregating Devices (FAD)

As stated elsowhere in this report, the attraction of
pelagic fishes including tunas to floating objects has
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been investigated and reported on by several authors
{Hunter and Mitchell, 1967, 1968 ; Inoue ef af., 1963a,
1968b). Yamanaka er ol (1973, 1974) conducted
experiments to study the association of skipjack to
antificial floating platforms. Recently, Murdy (1980)

reported on the commercial harvesting of tunas from
around tuna-atiraciing ‘ payaos’ off Mindoro, Negros
and Mindanao islands of the Philippines. Anchored
floating bamboo rafis have been used for many
years off these islands by tuna fishermen on a local

—ANCHOR LINE

MAIN ANCHOR

> SWIVEL

[ COUNTER
WEIGHT

13

Fig. 46a. Tuna attracting * payaos * used in Phillippines (From Murdy, 1980}
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level to concenirate schools of yellowfin, skipjack
and litile tunny. The aggregaied tunas were iradi-
tionally caught from bancas by hooks and lines, but
recenily commercizl purse seining has been introduced.
The ‘ payaos " anchored in approximately 1,100 fathoms
and are placed about 10 km apart for about one month
(Fig. 46a). The rafi, aboui 4 m long and 1.5 m at the
widest end is made of iwo layers of bamboo lashed
"together in a * V'’ shape. The anchor line is aitached
“to a tyre secured fo the bamboo about three meters

A weigh'ed hanging line, usually of about 20-25 m
long, with coconut leaves tied to it at 2 m interval
serve as ‘fish aitracters’. The algal growth on the
coconut leaves atiracis small fishes, which in turn attract
the free swimming tunas. Once they begin to concen-
trate, their number increases steadily and become high
for a commercial harvest within 3 to 4 weeks. A
caretaker who occasionally visit the * payaos’ notice
the concentration of tunas and inform the owners of
the ¢ payaos ’ about the time of harvest.
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Fig. 46, ‘Buoy type' and ‘Raft type® Fish Aggregating Device's used in Hawaii (From Matsumoto ef al., 1981).

from the tip- The first 40 m of anchor line is made
of wire and this is aitached to a swivel connecied to
a counier-weight of 40 kg. The counter-weight act as
s shock absorber and takes some of the sirain off the
anchor line. The main anchor, which weighs about
400 kg is connected by 5 m of nylon rope to the
counter-weight. In order to avoid the loss of anchor
line and bamboo raft by currenis and wind, a buoy
is also secured to the swivel where the wire meets the
nylon rops.
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Murdy (1980) described the method of purse seining
carried out to commercially harvest tunas from this
area. An average of 15 tonnes was taken and the
major species were yellowfin, skipjack and little tunny.
He also suggested steps to improve the system and to
make it more durable and efficient. .

Recently, Matsumoto ef al., (1981) reported on the

‘results of the project on Fish Aggregating Devices

(FAD) moored in Hawaiin waters off the islands of
33



Oahu, Lanai and Hawaii during May. 1977 to July,

1979. The objectives of the projeci were to develop

and iesi anchored fish aggregating dovices m the open

" ocean area ; o deiermine their effect on ihe skipjack

pole and line fishery in Hawaii and io investigate the

effect of buoy placement relative to distance from land,

depth and botiom topography. ‘Buoy type’ and

‘raft type’ devices were used in the experiment

(Fig. 46b). Resulis of the investigations indicate that
these buoys successfully atiract numerous pelagic fishes
including large schools of skipjack and small yellowfin
tunas. Wahoo and dolphin fish appeared from one to
threo weeks afier the buoys have been anchored and
were taken by trolling arcund the buoys. Schools of
tunas, small yellowfin, skipjack and little tunny generally
appeared from two to five weoks after the buoys have
been deployed. Commercial tuna pole and line fisher-
men were benefited greatly by taking large catches of
tunas from around these FAD’s. It is also reported
that the buoys anchored in deep water within 2 miles
of the 1,000 fathom ledge was particularly successful
in aiiracting tuna shoals, when compared to the FAD’s
anchored at 6 and 15 miles shoreward of the 100 fathom
ledge.

Dr. Siebren C. Venema, Fishery Resources Officer,
FAO, Rome (personal discussion) informed one of us
(E.G.S)) that trials of fish aggregaiion system is also
being developed in Indonesian waters where floating
objecis are being anchored at depih of about 1,000 m,
Christy ef «l., (1981) have stated that similar trials are
contemplated in the near future in the Republic of
Maldives. We feel that such a system could also be
adopied in the Lakshadweep group of islands to enbance
tunz production in the artisanal sector. However, a
beginning has been made in setiing up ‘ payao’ type
fish aggregating device in the Kavarathi of the Laksha-
dweop Islands by the Department of Fisheries in
December, 1981, which throws up good possibilities
for increasing tuna fish produciion in the small scale
séctor by the exiension of this method to other islands
also. This could also be tried along the east coast,
particularly outside the shell waters along Tamil
Nadu and South Andhra Pradesh and off the Andaman-
Nicobar Islands.

LY

Sub-Surface Fishery

Longline Fishery

Longline fishing for tunas and billfishes is mainly
employed by Jupan, Taiwan and ROK in ihe world
oceans and o a limited exient by Hawaii, Cuba, South
Africa and French Occania. This gear is designed to
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fish deecper swimming tunas and bilifishes which are
randomly distribuied in the 50-100 m depth (ordinary
longline) and ¢ven up to 300 m depih (deep longline).
The by-catches of this gear consist of pelagic sharks,
lancet fishes and a variety of other epipelagic species
of fishes.

The siructure of longline gear varies according to
the officiency of the vessel, species of tuna sought for
and oceanographic condiiion of the fishing ground,
Fundamentally, the gear consists of a main line of
continuous length which is supported by float lines-
These float lines ave, in turn connected to the buoys
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Fig. 47. A typical Jongline gear and its paris.
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Tame 1. General form of tuna longline

Nuamber used

Part of longline Material Leagth (m)
. in onz ‘Basket’,
Cremonajcotton and cremone coated with coal _
Main lins tar or synthetic rasi/cotion lines with 2.3 ply 250 1
thread of hard twist and vinylon line (200-400)
B Branch line Same as above or a little thinnar u 4
rope {5-15) {3+6)
r .
a Compound 9 ply steel wire, with
wire help, yam or cotton 5.5 4
n or cremona coiled (6-8) {3-6)
around
¢
Wire leader 9 ply steel wire 3.0 4
h (1.5-3.0) (3-6)
Hook Steel 0.091 4
] (3-6)
i Float line Cremona 220
€20.0-30.0)
n
Flag bouy Flag, bamboo pole and -
® fioat made of 2
synthetic resin
Radice buoy . I 2 or 3 for
all baskets
+ Modified after Morita {1969). Figures in paranthesis indicate ranges.
TasLe 2. Examples of Japanese Langline geard
Type of longline ¢ 1 2 3 4 5 L3 7 B
(Units : meters)
A, The structure of 1 basket of the line ;
Length of mainline . 300 300 300 300 300 245 360 350
Length of branch linee ; :
Cotton/vinylon rope 13.5 105 12,0 118 120 12.0 14.0 12.0
Ganged wire leader 6.0 60 8.0 6.0 7.0 8.0 7.0 7.0
Wire leader . L5 20 25 1.5 20 20 3.5 25
Length of float line 18.5 19.5 200 16.5 20 18.0 22.% 5.0
Number of hooks 5 5 5 L 3 4 4 ]
B. Estimated maximum depth of each
hook of the line shown above _ _
Hook No. 1 86.5 85.0 89.5 82.5 90.0 84.5 1135 9.5
Hook No. 2 127.5 126.0 130.5 123.5 131.0 1230 169.5 136.5
Hook No. 3 148.5 1470 151.5 144.5 1520 1230 169.5 -168.%
Hook No. 4 127.5 126.0 130.5 123.5 1310 84.5 1135 168.5
Hoock No. § 86.5 850 89.5 82.5 90.0 . . 136.5
‘Hook Mg, 6 .. . . 925
¥ Source : Suda and Schaefer, 1965,
35
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at the surface at fixed intervals. Branch lines are
composed of three seciions, viz,, branch line rope:
compound wire and wite leader. Baiied hooks are
attached to the wire leadsr. The consiruction deiails
of a typical longline gear is given in Table 1 (Fig. 47).

Suda and Schacfer (1965) deali with some examples
of longline gear employed by the Japanese fishermen
and siated that the types 1-5 (Table 2} are more
prevalent. The esiimated depths of hooks in different
types of longline gear has also been included in their
report. However, as illustrated by Nomura and
Yamazaki (1975) different types of longline gears are
used for fishing different species of tunas (Fig. 48).

Bluefin tuna

C_-I Striped marlin -

S)

1/

by the total number of branch lines. The length of
the mainline, the naturc of operaiion, and the behaviour
paitern of the fish sought foi are taken into considera-
tion to deiermine the number of branch lines to be
fitted to the mainline. In the branch line, the length
of branch line rope varies from 5-15 m ; the compound
wire 4-8 m and the wire lead:r 1.5-3.0 m. Hooks are
round in shape, about 9.1 ¢m long and made of
galvanized steel with well developed angle which allows
the fish to remain alive for a Jong time before being
taken in.

Prior to the beginning of longline operation, measure-
menis of vertical temperature siruciure and direction

? vellowfin tunc
Oy

Bigeye tuna -

1/

q D

N

Fig. 48. Desigas of longline gears employed for fishing different species of tunas and striped marlin
(From Nomura and Yamazaki, 1975).

Sharp {1979) presented the average temperature siruc-
ture in the Indian Ocean and opined that the longline
hooks generally hang from 28°C to 15°C in the
equatorial areas and between 20°-15°C in waters
around 30°S,

An average longline will consisi of about 300 baskets
of line, fishing between 1500-2000 hooks per seiiing and
extending up to 60 nautical miles, The length of the
mainline per unit basket (200-400 m) is divided evenly
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of the currents ate 1aken in order 1o locate productive
fishing grounds. During the operation, the unit lines
are joined togeiher, bamboo poles astached to the floats,
floatline connecied to the mainline and the hooks are
baited. Common baits used are squids, Pacific saury
(Colalabis saira), mackerels (Scomber spp., Rusirel-
liger sp.} and mackerel scad (Decapterus spp.). Shooting
of the lines begins at early dawn, usuvally between
0300 and 0500 Hrs and is completed in 4 to 5 Hirs.

TUNA' RESOURCES



Sets are cast from the stern of the vesse] and the vessel
speed is maintained at 8 knois per hour. After seiting
is compleied, the vessel drifis uniil it comes o the end
of the line. Hauling is done by ihe line hauler which
also coils the mainline ai the plaiform avtached to the
hauler. Completed seciions are transferred io the
stern of the vessel where they are stacked for
re-shooiing. It has been esiimated thai depending on
the number of fishes caught, the average iime required
for hauling in 400 baskeis is about 10-12 Hrs. Fishes
are taken aboard through ihe opening of the bulwark

and prepated for freezing.

Two types of vessels are used in the longline fishery,

One is the ‘ combination boats ' of 200-300 MT which
is used for pole and line and longline fishery. The
other type is used exclusively for longline fishery and

Recently, many innovations have been introduced in
the longline fishery especially towards the automation
of the operaiion. These include the hydraulically
operaied line hauler, reel type and tub iype longlines,

. slow conveyor, guide stand, guide roller, gear conveyor

system and the line winder (Fig. 49). Most of ths
longliners are ficted with fish detector. The vessels
are also oquipped with refrigerated holds capable of
preserving the caich at -40° {0 -60°C. The possibility
of wtilising ihe silver carp (Hypophthalmichthys molitrix)
and ariificizl preparations conizining exiracls of saury
as longline bait are being investigated. The milkfish
(Chanos chanos) with its brilliant silvery appearance
and with fast growth raie can be cultured and utilized
as & successful longline bait (Silas et af., 1982).

Ueyanagi (1974) reported about the “Night longlining’
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Fig. 49. Arrangements for shooting and hauling longline gear on board the longline vessel (From Yoshida, 1966).

in these vessels the hold space is about 20-40°%, more
than that in the former. The size of the vessol varies
from 50-500 GT, but vessels of 200-400 GT are most
common. Motherships larger than 1000 GT also are
employed in the longline fishery. Larger motherships
of 2000-3000 GT carry 5-6 woodon or FRP caicher
bogts of 15 m long, cach of which can operate about
200-250 sets of lines. The disiribuiion of the effort
(number of seis and hooks) exiended by the Japanese
and Taiwancse longline fleeis in the Indian Ocean in
recent years is given in Tables 7, 8 and 9.
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which is aimed mainly at fishing sword fish. The gear
is set to fish at shallower depth at night by means of
additional floats and gear parts. The bait used in this
meihod is usually squids.

Anciher noteworihy developmeni in the longline
fishery is the introduciion of ‘ deep longline * for fishing
tunas in {he deeper layers (Fig. 502). Suzuki et 4ol.,
(1977) described this gear and compared the catches
of tunas and billfishes by the regular and deep longline
gears by ihe Japanese vesséls in the western and ceniral
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equatorial Pacific. In this gear, hooks are deeply set
by increasing the length of the mainline and by adjusi-
ing the lengths of the floar line. Typical caicnary
curves of the ordinary longline (6 hooks) and deep
longline (13 hooks) are shown in Fig. 50e. In the decp
longline gear, the number of branch lines vary from
4-15. The number of baskeis set per fishing operation
normally range from 150-350 and on an average 2000
hooks are set per operation. The floailines are of 20 m
in length and the branch lines of 30 m. The distance
between the branchlines is about 50 m. Recent inves-
tigation on the caiches by regufar and deep longline
gears in the western and central equatorial Pacific area
(Suzuki et al., 1979) indicate that bigeye tuna is the
deepest inhabitant among tunas and billfishes and the
hook rate of this species was relatively high in the desp
fongline. According to them the size of bigeye tuna
" taken by the deep longline gear tend to be larger than
those by the regular longline gear, and the mean

(average) lengih of this species was 125 ¢m in the

former case and 119 cm in the latter,

P—Cammon long ling —d— Vertical long line~

oy’ Seasurfoce

Ordinary A Long ling

L ]
Desp Longline

Fog. 50a. Catenary of ordinary and deep longline gears
(From Suzuki ef al., 1977).

Recently, Shimamura and Soeda (1981) discussed
the results of investigations carried out on the caiches
of tunas by deep Jayer tuna longlining mround Hawaii
islands (Fig. 50b). According to them fishing efficiency
increased as the depth of hook was also increased.
Mean hook-raie of bigeye and yellowfin tunas by the
vertical longline was observed to be relstively high
when compared to that by common longline. Mean
iength of bigeye tuna caught by these gears also evinced
differences in that the fishes taken by the vertical long-
line gear were relatively long (Mean lengih : 132.0 and
116.3 cm) as compared to those taken by ordinary
longline (128.0 and 114.5 ¢m).
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Fig. 50b. Schematic figures of ordinary and vertical longline
gears (From Shimamura and Soeda, 1981).

Other Methods of Fishing

Drift gillnets, set nets and tuna traps employed for
fishing tunas and billfishes are passive type of fishing
gears as their effectiveness is mainly dependent upon
the behaviour of the fish and the oceanographic condi-
tions of the fishing ground.

Drift Gillnet Fishery

Drift gillnets are employed by many coastal countries
of the world 1o catch shoaling pelagic fishes which swim
at or near the surface. The gear is set anywhere from
midwater to surface and in which fishes are gilled as
they try to swim theough. The upper part of the net
is attached to the floatline and the lower part to the
botiom lead line. Floats in the float line and weights
in the lead line together maintain the vertical stretch
of the net. Most popular materials used at present
for the construction of the nei is synthetic products,
especially nylon with monofilament. The size of the
nel, twine and mesh vary according to the size of the
fish sought for and it is also different from region to
region. Several units of the nci are joined together
and set end to end which may extend for a long
distance. For the smaller tunas and bonitos the mesh
size of the nei ranges from 6-15 cm, whereas for larger
tunas and billfishes the mesh size used is 11-36 cm.

The material commonly used in the drifi gillnets
which are employed along the coastal waters of India
is PA (nylon) and the mesh size of the net varies from
8-15 c¢m. Thermocole foats and concrete blocks
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(200 g) are uséd as floais and weights respectively.
when compleiely set the net will have a length of 800 m
and depth of about 66 m, with about 25-50 uniis laced
together. -

 Vessels of different sizes are employed in the drift
gillnet fishery but the common size ranges beiween
7-20 m.

During operations the net will either be set over the
stern and hauled over the sides or the net is set and
hauled over the stern. Afier setiing the nei, the vessel
drifts leeward io ensure thai the net is stretched from
ond to end. For hauling the net, powered stern net
hauler and net reel are employed in several counrries.

Set Neis

Set nets are employed for fishing tunas and a variety
of pelagic fishes in the coastlines where they regularly

migrate. Set nets and traps are prevalent in the coastal

wators of Japan (Teichiami), Mediterranean Coast,
east coast of U.S.A. and the British Isles (Fig. 51).

- -

' "f‘he nets are set f‘rom tile surfaoe to ﬂ:‘e ixmom. ;’I‘he

mesh size and the size of twines vary according to the
size of the fish, bui large meshes are used for the leader
net and small ones for the bag net, The fish on con-
tacting the lead net tend to follow the {wine and pess
into the irap poriion of the net. The trap portion is
hauled in at regular intervals and the catch is taken
aboard the vessel.

Relatively small crafts of 7 m QAL is used in this
method of fishing. * Combination vessels * varying in
size from 7-18 m are also used in trap net fishing in
several countries.

Harpooning

Harpooning for billfishes are employed to a limited
extent in the east Pacific area. This method of fishing
for sword fish in the Mediterranean Sea is well known.
The gear consists of a wooden pole of 4-6 m long, at
the tip of which is aitached a three-pronged steel shaft,
Detachable harpoon is placed at the tip of this shaft.

Fig. 51, Set net (tuna trap) (From Anon, 1979).
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From the barb end of the pole a line of about
100-300 m long is attached to a buoy which is used to
understand the movements of the fish after it has been
struck. A retrieving line is provided at the base of
the pole.

Vessels used in this {ype of fishery is made of wood
with a prow of about 3-5 m long extending forward
from the bow, from where harpooning is done. For
spotting the fish, a crow’s nest is ofien fitted on the

mast. The vessels employed in harpooning wili have
good speed and manoeuvarability.

On sighting the fish, the vessel is steered towards
that posiiion and the fish is harpooned. The hunting
ling and the buoy indicate the movement of the fish in
water. The retreiving line is also allowed to run out
until the fish is tired out. The catch is hauled in over
the side. Recently, electric harpoons have been intro-
duced which Kiil the fish instantly.
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TUNA ENVIRONMENT

Tunas and related fishes have very distinct behaviour
patterns and their shoals are known to congregato ‘in
places where special ecological and environmental
conditions prevail. Information on the ecology of
tungs and related fishes and the influence of various
oceanographic parameters on them is essential to
explain and predici the temporal and spatial variation
in their abundance, which in turn enable fishermen to
locate productive fishing grounds and seasons. The
effect of environmental properties on the distribution
and abundance of tunas has been siudied for tgne past
40 years and the results of factual observations are also
available (Yabe, Yabuia and Ueyanagi, 1963 ; Howard,
1963 ; Laevastu and Rosa, 1963 ; Nakamura, 1969,
Laevastu an Haela, 1970; Hanamoto, 1974, 1975; Sharp,
1976, 1978, 1979; Blackburn, 1965 ¢.v. for references).
However, very litile information is available on these
from the Indian Ocean, and the accumulated infor-
mation is based on the operations of commercial vessels
and occasional siudies made by the research vessels
or reviews of the past siudies chiefly by Nakamura et al.,
1956; Nakamura 1967; Nakamura and Yamanaka, 1959;
Yamanaka and Anraku, 1959 ; 1961; Yabe, Yabuta and
Ueyanagi, 1963 ; Laevastu and Rosa, 1963 ; Blackburn,
1965 ; Nakagome, 1966, 1967 ; Nakamura, 1969; Inoue
and Iwasaki, 1969 ; Silas 1969; Suda, 1971; Uda
and Nakamura, 1973 and Sharp, 1979. Pertinent
information available on this subject, largely based
on published works is summarised in the present
chapter giving emphasis to the Indian Ocean Area.

Tunas and billfishes are aclive swimmers and the
vertical range of their disiribuiion as noiiced from
conventional longline fishing operations is generally up
to 160 m depth, bui in deep longline operaiions bigeye
is taken from still deeper waters going down to 250 m
or more. Limits of spatial distribution of eggs, larvae
and juveniles have been reviewed by earlier workers.
It has been observed that species such as yellowfin,
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bigeye; albacore and southern bluefin tunas which are
taken by sub-surface hooking have a vertical distribu-
tion ranging from 0-150 m (Blackburn, 1965). It has
also been observed that the bigeye tuna is the deepest
inhabitant among the tunas studied. Other tunas and
related fishes which are rarely taken by the longline
gear are presumed to ocour in the depth range of
0-70 m. : .

Blackburn (1965) classified tunas into three groups
based on their known spatial distribution patterns.
The first group comprises of yellowfin, bigeye, albacore,
souwthern bluefin and skipjack tunas which show con-
tinuous distribution across major oceans, In the
second group species, namely little tunny, bonitos,
frigate and bullet tunas and longtail tuna are included
which are common within a limited distance from some
land and around island chains. The disiribution of
the species comprising the third category (slender tunny}
does not agree with that of the above two categories.
The spaiial distribution patterns of different species of
tunas and billfishes and the known areas of their con-
centration in the Indian Ocean are presented in & seties
of maps and have been discussed in Chapter IT. It has
been observed earlier that the tuna larvae also have a
similar pattern of distribution as those of the adults
but they are more concentrated in the tropical waters
(Nishikawa et al., 1978). )

Information. on the direct and indirect influence of
oceanic properties and oceanic features on the distri-
bution of tunas and related fishes are also available.
Blackburn (1965) reviewed this topic and suggested
that * temperature and pelagic food supply have a direct
major effect and in special situations dissolved oxygen
and ilumination influence their disiribution *. Chemical
nutrients and plankton biota affect their distribution
through the production of forage organisms. Accord-
ing to him, oceanic features which play a major role
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in the distribution and migration of tungs, mainly
through iheir influence on tomporature distribution
and food supply are the occan curienis, convergence
and divergence, fronts, upwelling, thermocline topo-
graphy and temperature gradients in the ihermocline,
and position of islands, banks and land masscs. How-
e¢ver, Sharp (1979) opined ihat tunas are bound io swim
continuously, which requires © finite oxygen availability *
and hence their disiribuiion in the ocean is controlled
by low iemperaiures and low oxygen levels.

Temperature and Oxygen

Optimum water temperature for each species of tunas
has been reasonably well esiablished, and the rangos of
temperature within which different species of tunas are
distributed in the world oceans have been siudied
carlier. Laevasiu and Rosa (1963) have reported on
the temperature ranges of ‘normal distribution’ and
*occurrence in commercial concentrations’® of tunas
which shows thai eventhough the temperature ranges
in which tunas are found are relatively wide, their main
concentration occurs within a narrow range which are
specific to each species (Table 3). Blackburn (1965)

analysed further available information and suggested
that ihe upper limiis of tomperature for distribuiion
and fishery for most of the species arc high in many
cases. Recenily, Sharp and Pirage (1978) and Sharp
(1979) iabulated the * preferred itemperature ranges’
and * habitat relative size * of different species of tunas
and tuna-like fishes. The resulis of observations on
theso lines are summarised in Table 3.

Most of the spocios of tunas respond directly to the
temporaiure which forms the lower limit. In general,
it may bo siaied that ceriain upper and lower limiting
temporatures deiermine the limits of range of tunas in
the oceans. Ii is roflecicd in the paiiern of the disiri-
bution of different species in the world oceans.

Tunas usually maintain their body temporatures
higher thanthe tomporature of the water in which
they swim. Eventhough larger tunas have evolved
thermoregulatory capabilities, smaller tunas have limited
capacity for thermoregulation. Much studies have
been conducted on the apparent thermal and oxygea
limitations on the distribution of tunas and tuna-like

TABLE 3. Temperature range for disiribution, preferved temperature and habitat rglarfve size

* Temperature *® Preferred *e Habitat
range for temperats relative
distribution ure size
(*C) (°C)
Bonito 12-25 Temperate/ Coastal to
(15422) Tropical pelagic, medium _
Litthe tunny 17:28 Tropcical Coastal to
(1823 pelagic, medium
Frigate tuna . . Tropical Coastal to
' pelagic, mzdium
Skipjack tuna . 1778 15.29 Pelagic migrator,
(19-23) medivin
Longtail tuna . . 25.32 Neritic,
continental
Yellowfin tuna 1%-31 2332 Pelagic, large
(20-28)
Bigeye tuna 11-28 11-15 Deep pelngic,
(18-22) large
Albacore e 1423 14-18 Pelagic migrator,
(15-21) large ‘
Southern bluefin tuna . . 520 Migrator, south
polar
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® Source: Lacvastu and Rosa, 1963 ; figures in parenthesis indicate the * temperature range for ﬁsihcry .
®* Source: Sharp and Pirage, 1978, '
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‘fishes. Sharp (1979) preseated an estimate of the
* boundary conditions * of temperature and oxygen for
skipjack, yellowfin, bigeye amd albacore tunas as
follows :

Temperature 10 minutes tolerance
preference
Species *C) Oy limitation for small
fish
{50 10 75 cm long)
Katsuwonus Pelamis 20-32 25 or3.0 mifL
T. albacares 23.32 1.5 or 2.5 mljL,
T. obesus 1123 0.5or 1.0ml/L
T. alalunga 15.22 1.7 or L4 mi/L

Soveral investigations have been conducted to under-
stand the relation between the variations in sea surface
temperature and availability of tunas. Based on the
surface isotherms ° thermal equator’ have been identi-
fied and the movements of the latter have been studied
in relation to the fishing grounds of yellowfin tuna in
the Indian Ocean (Inoue and Iwasaki, 1969). High
surface temperature gradients where the optimum
temperature zones are narrow are the places of con-
centration of albacore and southern bluefin tuna. The
pattern of monthly disiribution of sea surface tempera-
ture (isotherms) in the Indian Ocean Area (after Hasten-
rith and Lamb, 1979) is presented in Fig. 52 a-/. How-
ever, it is understood that the influence of temperature
betweon the limiting isotherms on the distribution of
tunas is indirect and is through the availability of
forage organisms, especially in the areas such as oceanic
fronts where marked horizontal temperature differences
aro observed. In the tropical areas, localised differences
in the surface temperaturé also may point to locate
areas of current boundaries, upwelling etc., where
forage organisms for tunas accumulate,

Recently, Sharp (1979) discussed on the ‘areas of
potentially successful exploitation of tunas in the Indian
Ocean with emphasis on surface methods’ and pre-
sented three sets of charts depicting the °average’
monthly distribution of sea surface isotherm and oxygen
in the Indian and West Pacific oceans. These charis
were prepared °in anticipation of the devolopment of
new tuna ficheries in this area’ and hence it is felt
opportune to reproduce the monthly disiribuiion patiern
of thermal and oxygen profiles in the Indian Ocean
areg presented by Sharp (1979) which would guide in
locating productive tuna fishing grounds. Basic data

(* average conditions’ of temperature and oxygen dis-
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tribution) on the oceanographic observations available
at the National Oceanographic Data Centre,' Scripps
Institution of Oceanography were compiled up to 1976,
summarised by 5° square and graphically prosented tof
provide the monthly charts. However, these condx-:
tions * are indicative and a general range of -variability
could be expected in all the parameters montioned.

In the first set of charts (Fig. 53 g and b) the average
position of sea surface isetherms are indicated.. Further,
the zones where dissofved oxygen levels less than of
3.5, 2.5 and 1.5 nﬂ/Lemergetodepthsmorenhaﬂm
than 15°C isotherm are also shown, the latter forming-
the major habitat limiting factor. ‘The 15°C, 20°C and
23°C isotherms are. presumed to be the lower normal
boundary of the occurrence of albacore, skipjack ‘and-
yellowfin tunas respectively. The oxygen values at
80 m level tend to decrease northwards towards the
coastline, and according to Sharp (1979) the * oxygen
values likely act as a limiting feature for tuna distri-
bution in the northern Inchan Qcean area throushout
the year’.

‘In the second set of charns (Fig. 54 a-¢) Sharp
(1979) presented the location of 20°C isotherm in the
southern Indian Ocean which is the normal lower
boundary zone of skipjack. The dotted area represent
zones where 2.5 ml/L oxygen level rise to depths between :
50 and 80 m, ‘one of the habitat limitations which
soems to enhance skipjack vulnerability’. The ¢ross-
hatched areas in the figures indicate regions where the -
oxygen lovels are very low near the surface, which"
exciude tunas from such reg:ons The heavily cross-:
hatched areas have too little oxygen for siupja.ck tuna
to survive at depths less than 50 m.

In the third set (Fig. 55 a-¢) Sharp (1979) presented
the areas of successful surface fishery for albacore and
yellowfin tung by plotting the thermat and oxygen pro-
files in the northern and southern Indian Ocean areas..
In the same set of charts the longline vulnerabnhty
zones of albacore, yollowﬁn and bngoye tunas are alse
depicted, : :

Recently, Evans ef al., (1981) examined the influence
of mean environmental conditions (dissolved oxygen
and thermal structure) and the effect of surface winds
on the vulnerability of skipjack tuna to surface gear in
the area between 40°N to 40°S in the Atlantic Ocean.
According to them, the depth of the 3.5 ml/l dissolved -
oxygen layer and the depth of 18°C isotherm in
combination provide viable constraints on shpjack
habitat. They have also indicated the areas of high
potential skipjack vulnerability in the western Atlantic

and outlined the areas where wind speed exceeds
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Fig- 52 a-f. Pattern of monthly distribution of sea surface temperature (isotherms) in the Indlan Ocean Area (From
' Hastenrith and Lamb, 1979).
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8 m/sec which would hamper the purse seine opera-
tions.

Vertical distribution patterns of tunas and their
aggregaiion have been found to be associated with
the vertical temperature distribution. Vertical profiles
of potential temperature in different sectors of the
Indian Ocean (after Wyrtki, 1971 are shown in a series
of maps (Fig. 56 a-d). The isotherm profiles at 100 m,
200 m, 300 m, 400 m and 500 m in the Indian Ocean
(after Wyrtki, 1971} are also shown in Figs, 57-61. The
thermocline, & zone of rapid change in temperature,
and the thermocline ridges have been found to be the
placos where tunas aggregate, mainly due to the accu-
mulation of forage organisms in these areas. Bimonthly
variations of the depth of the mixed layer (top of the
thermocling} in the Indian Ocean (after Wyrtki, 1971)
are presented in Fig. 62 a-f.

Longline method is suited best in the tropical waters
where the depth of the mixed layer is usually deeper
(100 m). Suda (1971) remarked that the average depth
of the thermocline over the equatorial area in the Indian
Ocean is around 100 m below the surface and the asso-
ciated complex nature of the ridges and troughs in this
area helps to explain the effective longline catch of
bigeye tunz which is a deep layer swimmer in the
equatorial waters north of 10°S. It is also observed
that the thermocline ridges are the preferred places of
albacore and bluefin tuna. Based on the examingtion

S0

of the typical thermal sections in the Indian Ocean,
Sharp (1979) opined that the longline hooks hang in
the water layor with temperature from 28°C down to
15°C in the area near and south of the equator and
from 20°C to below 15°C near the area 30°S. In the
oceanuc waters of the west coast of India, the thermo-
cline structure is ususlly observed at a depth of
75-150 m, but during the peak south-west momsoon
period, the depth of the mixed Jayer will be very
shallow.

It has been observed earlier that in the tropics, purse
seining and pole and line fishing methods are successful
along the eastern margins of the oceans where the mixed
layer is shallow. The relationship between the ther-
mocline and purse seine fishery has been studied by
Green (1967) at San Diego and San Pedro areas, Cali-
fornia, and he has remarked that purse seining for
tunas has been most successful when a shallow upper
mixed layer of the sea has been underlined by a
thermocline with a sharp tempersiure gradient.
According to him, sets where the top of the thermocline
did not exceed 18.4 m were more succassful than where
it was deeper and greater success was obtained where
the mean temperature gradient within the thermocline
was sharpest (over 0.55°C/m). Thus it was concluded
that the combingtion of sharp gradient and shallow
thermocline gave the highest rate of success and the
lowest rate of success was recorded in the combination
of small gradients and deep thermocline for tung purse
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seine fishery. Bimonthly charis of the distribuiion
patiorn of temperature gradients in the thermocline in
the Indian Ocean Area is presented in a series of figures
(after Wyrtki, 1971), whick would provide the infor-
mation on the temporal variations in the nature of the
temperature gradients in different areas (Fig. 63 «-f). In
the absence of sufficient data on the surface fishery for
tunas in the Indian Ocean, a correlation could not be

attempted.

Factual observations and comprehensive analyses are
also available on the influence of annual variations in
ihe water temperature on the distribution of tunas.
Significant landings of tunas have been reported near
the temperature boundaries during years when tempera-
tures were above the normal condition at the peripheries
of their distribution range.

Tuna migration is influenced by temperature, food
and breeding. Information has been collected during
the past on the migratory pattern of tunas including
the transoceanic ones. Corresponding to the fluctua-
tions in the oceanic currenis, non-seasonzl migrations
are also common. When strong southern wind pre-
vails, the yellowfin tuna is found north of the equator.
Simifarly, congregations occur south of the equator
when north-east wind provails. Some examples of the
extensive migration of tunas are given below :

5%

vor

Distance
Areat travelled!
Albacore From Coast of California 8500 Km
Northern bluefin  Across Atlantic Ocean’ 7700 Km
Skipjack From south-west Baja
California 9500 Km
Yellowfin Across Pacific Ocean 5000 Km
Southern bluefin ~ Across Indian Ocean to
Atlantic 6560 Km
Striped marlin From west coast of Mexico 5550 Km
Back marlin From Australia 3300 Km

1 Source; Joseph, Klawe and Murphy, 1979,

It has recently been reported that one specimen of
southern bluefin tuna of 61 cm long which was tagged
and released off Albany has been recovered after 18
years from off South Africa, and the length of the
fish at the time of recapture was 185 ¢cm.

Recontly, Lewis (1980) reported on the tagging of
skipjaok tuna in the Papua New Guinea Area during -
1971-72 and stated that the movements of skipjack
tagged in the eastern Biamarck Sea appear strongly
directed rather than random, with periodic oscillation
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between the Bismarck and Solmon seas to be a feature
of these movements.

A group of scientists headed by Dr. Andrew Dizon
of National Marine Fisheries Service, Honolulu,
Hawaii, has been studying the possibility of whether
tunas may synthesise internal ‘ magnets’ to enable
them to navigate accurately over long distances. They
have found millions of magnetic crystals in the head
of tunas ‘ with an extremely accurste magnetic map
sense’. The magnetic crysials in ihe yellowfin, skip-
jack and little tunny were precisely and repeatedly
lIocated upon the frontal bone of the skutl (Anon., 1980).
These investigations have far reaching implications in
-enabling better understanding of the migratory behavior
of tunas,

Salinity

In the oceanic waters, seasonal fluctuations in salinity
are much less than that in the coastal areas and hence
it is not a limiting factor for the distribution of tunas
in the waters of the oceans. Low salinity affecis the
distribution of tunas in the coastal waters and in the
region with high land runoff, by limiting their
distribution.

Transparency

Tunas live mostly in clear oceanic waters, and they
locate their pray visually at close range. It was
observed that the optimum transparency for tunas is

25-35 m depth because food will be scarce at irans- -

parencies beyond the range and the sight feeding
will also be difficult. In view of this it has been
felt that gillneiting and purse seining will be more
sucoessful in turbid waters. Surface ﬁshing such as
pole and line fishing in which visual response is involved
will be effective in more transparent waters.

Mixing Processes

Productive tuna fishing grounds usually coincide
with the regions where replenishment of the surface
waters from elsewhere takes place by horizomal or
vertical iransport or mixing of the watermasses. Mixing
along the horizontal plane is mainly by the ocean
currents and that along vertical plane is by convergence,
divergence, upwelling and so on.

Many factual observations and hypotheses have beon

published earlier on the effect of eceanic circulation on

the distribution of tunas (Nakamura, 1969). However,
" much of these are based on speculation.

It has been postulated that the optimum current for
good tuna fishing is 0.5—1.0 Knot. It wasalso obeervéd
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earlier that the paitern of disiribution of tunas is indi-
cative of the association of adults or ontogenic stages
of different species with the particular current system.
Generally they are distributed in great abundance along
the axis of the current. Seasonsal migrations of tunas
from one current sysiom to the other has also been
reported. Abrupt abundance of different species of
tunas in the fishing zones has been obsgerved in the
current bounderies. The abundant forage at the mixing
zones of the areas of convergence and divergence within
the current system may be the reason of such
aggregation.

The pattern of surface currenis, major current aystems
and boundaries of major current systems in the Indian
Ocean Area are shown in Figs. 64 and 65. A perusal
of the literature and examination of the pattern of
distribution of different species of tunas in the Indian
Ocean indicate that the yellowfin tuna is more abun-
dantly distributed in the oceanic waters gnd in the
Equatorial Current Area, Equatorial Countercurrent
Areg, Southwest monsoon drift Area and in the South
Equatorial Current Area. Bigeye tuna occurs in the
area north of ihe northern margin of the souvth equa-
torigl current and in the area of the sub-tropical
convergence. They live wiih the albacore in the sub-
tropical gyre when they are immature and with yeflowfin
tuna ia the northern boundary of South Equatorial
Current Area. Albacore tuna in the Indian Ocean
prefers temperate oceanic waters and occurs in the
Indian Ocean central water mass and the sub-tropical
convergence area. Their spawning ground is the South
Equatorial Curreni Area and the young albacore con-
centrate in the southern parts of the sub-tropical gyre,
The occurrence of the southern bluefin tuns is linked
with the sub-antarciic water. They occur in abundance
in the cold water pockets in the frontal zone, and show
seasonal north and south migrations. Skipjack
tuna occurs. just off the coastal areas and on current

boundaries. According to Suda (1971) the boundaries
between the distribution of species are similar to the
‘ boundaries existing between the ocean currents, water-
masses or ocean currents and watermasses '

Aggregations of tunas are frequently observed in the
vicinity of oceanic fronts which are the boundaries of
watormasses. Frohis are the places of surface tempéra-
ture disconiinuities and at these places convergence
usually takes place which results in the accumulation
of plankton and in turn macro-organisms which are
the preferred forage of tunas. Based on the informa-

“tion of the monthly disiribution of temperature at sea

surface, the areas of convergence and divergence in the
Indian Ocean Area have been plotted and presented in
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Fig. 64. Pattern of surface current systems in the Indian Ocean (From Krey and Babenard, 1976)

Fig. 66 a-c. It has been observed carlier that in the
oceanic waters convergence zones are indicated by the
presence of small fishés and divergence zones by dis-
coloured watér. Uda and Nakamura (1973) have
presented the areas of major oceanic fronts in the
Indian Oc¢ean (Fig. 65). Ramamirtham (1981) studied
“the circulation patterns in the Maldive region between
71° and 80°E within the equator and 8°N during the

66

Soptember-October period and stated that in association
with the convergence and divergence phenomena occur-
ring in this area, a large cyclonic gyre exists in the
region porth of Maldives and an anticyclonic one in
the south. However, based on the available informg-
tion it can be stated that the areas of abundance of
different species of tunas and major current systems

- and fronts in the Indian Ocean can be correlated. -
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The direct influence of upwelling on tuna aggregation

has yet to be established, although a good relation has

been reported to exist between the production of forage
organisms by the enrichment of the surface water by
upwelling. Factual observations on the relation be-
tween upwelling situations and' concentration of tunas

are also available and have been suminarised by Black-

burn (1965). Different mechdnisms have been described
as the causative factors for the upwelling in the coastal
and oceanic waters. The phenomenon may be caused
either by : (i) A wind generated surface current deflected
by about 45° 1o the wind in the northern hemisphere
and 45° to the wind in the southern hemisphere. This de-
flection finally induce the sub-surface water movetowards
surface layers near the coasts {wind stirring or coastal
upwelling induced by the wind) or (¥#) the prevailing
current system may be the basic factor in inducing
vpwelling. The denser water occupy the left hand side
of the current in the northern hemisphere and roverse
is the case in the southern hemisphere. In order to
fulfil the basic requirement, the denser sub-surface
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water, would- be induced upwards to occupy fhe left

- side of the current in the coastal areas. However, the

former case occurs on & large scale in the eastern parts

of the oceans. In the tropical waters, ridging and
doming of the cold bottom water affects productmty
and th's may result in the concentration of tunas in
such areas.

Wyrtki (1961) and Rochford (1962) reported upwell-
ing in the eastern Indian Ocean and Wooster et «l,
(1967) and Cushing (1969) recorded the phenomenon-
in the western Indian Ocean. Along the coasts of

India, and around Minicoy the phenomenon of upwell-
ing has been studied by various authors. Banss

(1959, 1968) opined that along the SW coast of India

the ‘upwelling starts with the onset of monsoon and
reaches the maximum- intensity during July-August.

‘Rao and Jayaraman (1966} reported upwelling around

Minicoy during the last week of November and
remarked that this would be due to the divergence
currents in the vicinity of Minicoy. They also indi-.

_ cated that a possible relationship oxists between the
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upwelling around Minicoy and the peak wsecason
" (December-March) for tona fishery. Other studies on
this phenomenon from the west coast of India are
chiefly by Ramamirtham and Jayaraman (1960),
Sharma (1966), Darbyshire (1967), Ramamirtham and
Rao (1973) and Murty (1981).

Varadachari (1961} stated that during June to July,
-upwelling iakes place along the Madras and Waltair
coasts. Lafond (1954) also reporied on upwelling
along the Waltair Coast. The pattern of major
current systems in the Indian Ocean and the
major upwelling sreas are indicated in Fig. 65,
However, Suda (1971) examined the relation between
the production of yellowfin and bigeye tunas by the
longline fishery in the Arabian Sea area (Somalia Coast,
SE Arabia and SW waters of India) and the upwelling
in those regions and concluded that both the factors
cannot be correlated. But in waters south of Great
and Small Sunda islands, he found the productivity of
tunas to be slightly better as compared to that of the
former region. According to him, the relation between
the upwelling and concentration of funss is a compli-
cated feature and the linkage may be connected with
other factors such as method of fishing, ecological
conditions and other environmental parameters. As
stated by Blackburn (1965) () the time lapse in the
transformation of primary organisms to the macro-
organisms which are the forage items of tunas, and
(i) the transportation of the biota during the above
time of change from the arezs of upwelling may be
the reasons for the poor correlation between the tuna
‘concentration and upwelling areas.

Oceanic Islands, Banks and Submarine Topography

Areas such as oceanic islands, sea mounts and con-
tinental slopes with high bottom topography are also
good tuna fishing grounds as they affect the surface
currents and internal waves giving rise to eddies, rise
in thermocline levels, etc. Eddies could concentrate
plankton and cyclenic eddies might increase its pro-
duction. This may attract the macro-organisms which
form the forage of tunas. Ramamirtham (1981)
studied the influence of the Maldive Islands and the
associated bottom topography in the formation of
circulation patterns around the islands and concluded
that the botiom configuration of this area ig the reason
for such circulation. A good fishery for skipjack exists
in this area and the nearby Minicoy and Lakshadweep
Islands where banks such as Eli Kalpeni and Suheli
Par are situated. Yt may be concluded that the topo-
graphic features influence the hydrographic processes
such ag the internal waves on the slope areas, mixing
around oceanic islands and sea mounts and these in
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turn affect the production of tuna forage and hence
the concentration of tunas in such sreas.

Food Supply

Among the known factors which influence the dis-
tribution and concentration of tunas, the food supply
is an important criteria next to temperature. Much
information hes been accumulated on the relation
between the oceanic circulation and food supply in
tropical and sub-tropical waters than in the temperate
zones. In the tropics, the characteristically stable
thermocline separate the upper mixed layer from the
Jower layer, but in certain places through upwelling,
mixing or thermal anticline situation, nutrient replenish-
ment in the euphotic zone takes place. Such productive
arezs can be considered as the places where tunas
aggrogate for forage. But as stated earlier, the influence
of this phenomenon is an indirect one because of the
time lag betweoen the peak seasons of productivity of
different trophic levels and spatial dispersion of produc-
tion during the temporal change at trophic levels.

Tke abundant oceurrence of forage organisms in the
vicinity of oceanic islands, sea mounts and the eddies
associated with the polar fronts and subtropical con-
vergence and equatorial areas cause tuna aggregation
n these areas. _

Sea surface chlorophyll has been considersd signi-
ficant in the food relations of tunas since a steady state
relation might be expected between the tuna forage and
the chlorophyll through the food chain (Blackburn,

.1965), Emphasis has also been given in recent years,

to the investigations of micro-nekton and macro-zoo-
plankton and the relation Between their comgregation
and tuna concentration. The significance and the role

that the deep scattering layer plays as yegards congre-

gation of differemt planktonic organisms which also
form forage for pelagic fishes including tunas and bill-
fishes has been drawn attention to from the oceaznic
waters (Silas, 1969).

Satellite Imagery

Some of the cceanic features such as the ocean
temperature, chlorophyl distribution, current boun-
daries, slicks and ocean fronts can be detected in satellite
imagery and there is an urgent need to not only look
into the data accumulated in the past but also scienti-
fically planned data acquisition on these parameters,
useful for understanding tuna environment on an ocean
wide basis. Onoe these are mapped, seasonal variability
can also be studied te understand the likely areas of
concentration of tunas especially skipjack and young
yellowfin tunas. The use of satellites as a further
tool of studying migratory patterns of tunas using
telemetric tags should also be further explored.
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TUNA FISHERY IN THE INDIAN OCEAN: TREND IN THE EXPLOITATION
OF THE STOCKS, PRESENT STATUS
OF THE FISHERY AND RESOURCES OF TUNAS AND RELATED SPECIES

The state of the stocks of major species of tunas and
billfishes of the Indian Ocean has been reviewed at the
regional level by the IOFC/IPFC Working party of
scientists earlier (FAO, 1968, 1969, 1979, 19804, b,
1981 « ; IPFC/TOFC, 1973, 1974, 1975, 1976, 1977 a, b,)
-and scientific communications and reports on the species
synopsis, biology, population structure and status of
different species of tunas and billfishes taken bythe long-
ling and other gears from the Indian Ocean are also
available. (Nakamura ¢f al., 1956 ; Rao, 1962 ; Jones,
1963 a, 19635, Jones and Silas, 1263 4, 1964 ; Mimura
et al., 1963 @, 1963 b; Robins, 1963 ; Silas, 1963 a,
1963 5 ; Williams, 1963 a, 1963 & ; Yoshida and Otsu,
1963 ; Raju 1963 ; Thomas 1964 b; Silas, 1964; Kikawa,
1966 ; Mimura, 1967 ; Puskunov and Kharchenko,
1968 : Kikawa er al.,1969 : Morita and Koto, 1971 ; Kume
et al.,, 1971; Honma and Suzuki, 1972; Hang ¢f al.,
1973 ; Suda, 1971, 1972, 1974 ; Sivasubramaniam, 1963 ;
Marcil'e and Suzuki, 1974 ; Howard and Starck II, 1965
Marcille and Stequart, 1976a, 1976b ; Pillai and
Ueyanagi, 1977 ; Wetherall et gl., 1978*, Suzuki 1979* ;
Honma and Ueyanagi, 1979*; FAO, 19804, 19805 ;
QOlson, 1980 ; Klawe, 1980 a ; FAO, 1981 ; Riggs, 1981 ;

* Working documents.

1 The main source of the data analysed during the present
study was the nomibal catches published by the FAO periodically
{1965-1979 data published in Volumes 40,42,44,46 and 48 during
1976, 1977, 1978, 1979 and 1980 g4 respectively). However, the
revised catch statistics for individual species (FAQ, 19804) show
discrepencies from the earlier estimates of the landing of tunas,
tuna-like fishes and bilifishes. In order to comprekend the magni-
tude of the differences of the estimated total landings of different
species I these two estimates, both the figures are presented in
Table 4. The nominal catches by species and countries for the
petiod 1977=1979, used in this bulletin, are based on FAQ catch
statistics (1980a).

* Included under * NEI’ by FAO.
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Yoshida, 1981). FAOQ Fish Report, Vol. 6 (4), 1963 ;
Jones and S'las, 1964 and Nair et al., (1970) g.v. for
additional references. Silas (1967) and Silas and
Ummerkutty (1967) summarised records of parasites in
tunas and billfishes and other scombroids. As stated
earlier (Chapter I of this bulletin) ali the commercially
impottant species of tunas and billfishes such as the
albacore, bigeye, yellowfin, southern bluefin, andskipjack
tunas and the striped marlin, black marlin, blue marlin,
sword fish, sailfish and shortbill spearfish are distributed
inthe Indian Ocean. Thecoastal species complex includes
the little tunny, bonito, frigate and bullet tunas and the
longtail tuna, the last said (Thunnus tonggol), the only
true tuna occurring in our shelf waters regularly. The
occurrence of species such as the dogiooth tuna, slender
tunny and leaping bonito is less numerous in this area.

Longline fishery carried out by the non-Indian Ocean
countries on a commercial scale, land a majoriiy of
true tunas while the inshore fishery employing a variety
of gears land the coastal species of tunag and the young
ones of some of the oceanic species. The present
chapter summarises the status of the exploited iuna
resources and the production of different species of
tunas and related fishes in the Indian Ocean based on
the analysis of the catch statistics published by the
FAO (1976, 1977, 1978, 1979, 1980 4, 1980 b, 1981)';
available information on ihe effort and catch statistics
by the Japanese longline fishery (Fishery Agency of
Japan, for the years 1962-1979) and TFaiwanese longline
fishery catch statistics (FAO2, 1979 ; 1980 « ; National
Taiwan University, 1979 ; Yang, 1979). No detailed
catch statistics and effort data were available on the
tuna and.billfish catches by the vessels of the Republic
of Korea (ROK), except those provided by the FAO
(1976-1980 o). Concerning the caiches of other species
by the Indian Ocean littoral countries and the oceanic

TUNA RESOURCES



islands in the Indian Ocean, the catch statistics from

various compilations by FAO (1974, 1977, 1978, 1979, s ora s ver
1980 2, 19805, 1981)' and the data collected during s i
the courss of the present study were employed. 20
S 0 0 | e . e o e B
A general review of the recent trend in the world o
production of tunas, tuna-like fishes and billfishes® .. soF
(FAO, 1980 g, b; 1981) indicates that in 1979 their .
total estimated production was around 2.14 million MF, “ putter tunas
and the annual total catch ranged from 1.83 to 2.25 0 -

million MT between 1973 and 1979 with an average
catch of 2.03 million MT during this period (Fig. 67).
The iotal production of these groups from the Indian

S IIE - -

Ocean has been estimated as around 0.22 million MT *e; Lirtle tuna
in 1973, which was about 129, of the total world pro- weo
duction of the same in that year. In 1979, their b
production was around 0.23 million MT, which was ; 20,
about 119 of the production of these groups from the w e e e e M
world oceans and the average catch during 1973-1979 : : o .
was 0.24 million MT (range 0.22-0.26 million MT). w0
Q-co
2000 TUNAS, TUNA-LIKE FISHES m M
-~ AND 'fL'LFFSf'ES O ﬁ ’ l lj
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Fig. 67. Trend in the world production of tunas, tuna-like
fishes and billfishes (combined) and the trend of the same from the
Indian Ocean, 1973-79.

Fig. 68. Trend of prodpction of different groups.-'spociﬁ of
tunas, tuna-like fishes and billfishes in the Indian Ocean in percen-

The results of the analysis of the data on the landings
of different species/species-groups of these scombroids,
as presented in Fig. 68 in tage of their world
production during 1973-1979 reveals that with the
exception of southern bluefin tuna, little tunny and
other coastal species related to tunas (in¢luded under
‘tuna-like fishes’ by FAQ) none of the species con-
stitute more than 259 of the total world production

4 The group tunas, tuna-like fishes and billfishes mentioned in
this report comprises of species such as Aduxis thazard, A. roched,
Euthynnus affinis, Katsuwonus pelamis, Thunnus albacaves, T.
obesus, T. alalunga, T. maccoyii, T. rtonggol, Xiphias gladius, Makaira
indica, M. migricans, Tetrapturus aqudax, T, angustirostris, and
Istiopharus platypterns. Qther species of scombroids such as
Scomberomorus commerson, S. gutiatys and Scomberomorus spp.,
included in ‘ Table 8-36—FAO: Catches and landings, 1979°
published in 1980 from the Indian Ocean are not accounted for in
this report.
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tage of their world production, 1973-79.

at any time of this period. It is also seen from the
figures that the production of the major oceanic species
of tunas such as yellowfin, bigeye and albacore in the
Indian Ocean during the said period was less than 209,
of that from the world oceans. This indicates that
more fishing effort by majority of the countries border-
ing the Indizn Ocean has been oriented towards catching
coastal tunas and allied species.

The group-wise annual production of tunas, tuna-like
fishes and billfishes from the Indian Ocean during the
period 1965-1979 is presented in Fig. 69. Their total
annual catch from the Indian Ocean fluctuated between
0.16 and 0.26 million MT with relatively high produc-
tion recorded in 1968 (0.26 million MT). In 1970, the
total annual catch of these fishes was low (0.17
million MT) and subsequently there was a gradual
increase in their total annual catch until 1977 (0.26
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TapLe 4. Estimated catches of rtunas, billfishes and tuna-fike fishes
from the Indlan Ocean (Unit : 1000 MT)

Frigate &

Albacore Bigeye Yellowfia ‘Southern Bullet, Little Skipjack
bluefin tunas tonny - -
Gear Longline Longline Longline & Surface Longline &  Surface Surface Surface
: Surface surface
Source | #FAQ *"Status FAO Status FAO Status  Status | FAG FAQ FAQ FAQ
Rep. Rep. Rep.  Rep.
1965 .. 147 124 169 202 241 344 36 217 2.5 i 132
1966 o142 113 18.0 264 304 56.8 54 134 30 - 16.0
1967 . 210 23.7 24.7 270 .0 44.8 6.2 279 30 . 18.1
1968 .. 160 17.4 351 38.7 63.3 88.t 19 25.1 390 ‘e _16.6
1969 .. 213 219 24.2 274 482 - 617 T4 28.1 30 . 18.7
1970 .o 13.5 15.2 17.6 4.3 278 42.6 60 220 31 16.3 29.7
1971 « 101 10.2 214 228 40.8 50.9 5.6 26.2 27 140 314
1972 oo 127 11.7 19.8 18.1 45.7 474 109 251 31 18.8 336
1973 . 28 223 16.7 16.0 339 41.2 18.6 26,8 6.2 17.2 34.9
1914 213 28.3 26.4 17 314 43.5 13.9 30.6 59 24.2 41.3
1975 oo 107 11.2 383 39.7 4.7 51.4 20.2 221 3.9 243 36.2
1976 .. 105 14.9 218 29.8 512 56.4 20.5 282 2.7 26.4 334
1977 . 121, 114 3.7 36.8 60.0 70.5 .. 268 D! 25.6 303
1978 o131 o 49.1 ve 58.8 e ve 11.3 1.9 9.6 30.4
1979 o 122 . iL6 . 60.6 . .. 18.2 1.3 14.3 327
* Source : FAO (1976-1980a) ** Source : FAO (1980bh)
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TanLe 4 (Contd.)

Striped Marlin Blue Marlin Black marlin Swordfish Salifish
Gear Longline Longline Longline Longline Longline
Source ®FAQ  *%Status FAQ Status FAO Status FAO Status FAQ Status
Rep. . Rep. Rep. Rep. Rep.
1965 3.8 3.33 59 3.9 0.8 1.3 1.8 1.3 1.2 12
1966 3.8 4.2 5.3 3.8 0.2 1.4 1.5 1.4 0.8 1.3
1967 538 4.5 6.1 4.1 1.2 1.5 2.4 1.8 2.2 2.0
1968 3.6 34 4.6 40 1.7 2.5 2.4 2.0 2.0 1.6
1969 41 41 3.7 39 0.9 23 28 23 13 1.2
190 31 3.1 26 31 1.5 18 2.2 23 1.1 1.0
o 16 21 09 25 2.5 14 1.6 s, 25 . 13
1972 13 L5 1.0 28 0.6 . 09 1.3 6. 05 . 11
o1 09 1 06 19 0.2 0.7 12 1.1 0.2 0.4
1974 BT 2.8 0.9 24 0.4 1.3 1.3 1.8 0.2 0;7
1975 1.8 21 15 23 0.4 1.2 1.6 1.3 11 10
1976 1.2 34 1.4 LT 0.8 0.5 1.2 1.1 0.7 0.6
i SR 13 0.3 .. 1.2 . 0.3
1978 2.5 o 19 . 06 - . 23 L. 0.4
1979 32 1.6 .. 04 . 22 . 12

® Source : FAO (1976-1980z) »% Source 1 FAO (1980b)

CMFRI - BULLETIN' 32



¢ (B Tunas

L L r N

PERCENT

LICM S D O K K]

Tunas, tuna—iike fishes, bilifishes ,
1965-1979, {indian Ocecn)
Tuna-iike tishes [ Billtishes)

atelaA e e eeelely

[ N ol ]

PICOCIC S N e e
ORI RN

AT AT e e et

AR e AT e
eTaleTY TR R T e

TaTe T

Fig. 69. Group-wise annual production of tumas, tuna.ike species and billfishes from the Indian Ocean, 1965-79.

million MT). The trend of their total production and
fluctuation (deviation from the mean value) during
1965-1979 is presented in Fig. 70. The high values
observed in 1968 and 1977 were probably due to the
increased landing of yellowfin tuna during those years,

Total tunas, bBilffishes and
fung - like_fishes.
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Fig. 70. Trend of total production and fluctvation of tunas,
tuna-like fishes and billfishes (combined) indicated as deviation
from the mean values, 1965-79.

16

Above average values were observed in their total
porduction during the period 1974-1979,

The initial catches of tunas and related fishes by the
longline fishery in the Indian Ocean during 1952 were
taken entirely from the eastern Indian Ocean, but in
1958 the fishing activity had spread towards the warmer
waters in the western Indian Ocean to the Affrican
Coast, and subsequently in the mid-1960’s to the
southern Indian Ocean as far as 50°S. An analysis of
the production of these scombroids from the western
and eastern Indian Qcean (as defined by FAQ, approxi-
mately west and east of 80°E) during the period
1968-1979 has been made and the trend in their produc-
tion during the 12 year’s period presented in Figs. 71
a and b. The total catch of tunas, tuna-like fishes and
bilifishes during the said period from the western Indian
Qcean was uniformly more than 609 of the total catch
from the whole area. However, tuna-like fishes, com-
prising mainly of coastal species constituted more than
809 of the total catch of these fishes from the western
Indian Ocean, but since 1974 a gradual increase in
their landings from the eastern Indian Ocean is
noticeable.

Species-wise production of tunas, tuna-like fishes and
billfishes from the Indian Ocean during the 15 years
period (1965-1979) is presonted in Figs. 72 a and b.

TUNA RESOURCES
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The total estimated catch of albacore (T. alalunga)
increased during the first decade of the fishery and in
1967 and 1969 the total production was around 24,000

and 22,000 MT respectively. The highest catch of

28,250 MT was recorded in 1974. Subsequently, the
total produciion of this species declined and in recent
years it was around 12,000 MT.
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the carly phase of the fishery and in 1968 about
88,000 MT was taken from this area. Their total catch
fluciuated between 37,000-67,000 MT during the period
1969-1974 and in 1979 about 60,650 MT was landed
from the Indian Ocean.

The production of southern bluefin tuna (7. maccoyii)
was relatively steady during the 1967-1976 period and
the highest caich was recorded in 1974 (30,570 MT).
In 1979, the total production of this species was around
18,200 MT.
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Fig. 72 aand b, Species-wise production of tumas, tuna-like fishes and billfishes from the Indian Ocean, 1965-79,

The total bigeye (T obesus) tuna catch increased
steadily from 1965 till 1968 (38,700 MT) and then
decreased in the ensuing years until 1973 when only
15,000 MT were taken from the Indian Ocean. In ithe
subsequent years (1974-1978) a rapid increase in the
jandings of this species was recorded which ranged
from 26,400 MT in 1974 {o 49,100 MT in 1978. In
1979 the total produciion of this species was estimaied
to be around 31,600 MT (FAOQ, 1980 b).

The total produciion (surface fishery and longline) of
yellowfin tunz (T, albacares) recorded a sieady rise in

78

Apart from the mdjor species of tunas taken by the
longline fishery and the young of °true tunas’ taken
by the surface fishery, other species related to the tunas
were also landed by the coastal fishery, chiefly by the
“Indian Ocean littoral couniries and oceanic iglands in
the Indian Ocean (FAO, 1980 4). The completeness
and reliability of vhe votal catch siatistics of these groups
are open to question. The total production of skipjack
(K. pelamis) rose sieadily from 1965 and the highest
catch of 41,300 MT was recorded in 1974. The land-
ings during the subsequenti four years fluciuated between
30,000-38,000 MT. In 1979, ihe estimated total caich

TUNA RESOURCES



PraTte V.

Sharks in tuna longlining, «. Head of makao shark, &. Shark eaten makao shark. . Makao shark.
. Whitetip shark (Carcharinus long imanus) and thresher shark (Alopius vulpinus) being cut up. e. Great
blue shark Prionace glauca. f. Thresher shark 4lopius vulpinus, female, £. Makao, thresher and
carcharinid sharks. k. white tip shark (C, longimanus), male. (Photos a to e and £ by E. G, Silas on
board R/V. ANTON BRUUN; £ by E. G. Silas on board M{V. Klaus Sunnana of IFP)



PLATE VI. & and . Preparation of *masmin’ and * hikimas® at Minicoy, ¢. Modified small mechanised boat with
bait well and fishing platform. . Close up of bait tanks with bait fish, mainly Caesie sp. e. Purse seining
in the Lakshadweep Sea from R/V. TUNA of IFP. J. Wooden “ flying fish bait * and method of harpooning
fish in lagoons at Kavarathi, Lakshadweep islands. (Photos ¢ to f by E. G, Silas),



Prate VIIL

Tuna shoals and purse seining in the Lakshadweep Sea. . Sea bird concentration at Pitti Island.
b, and d. Sooty and noddy terns in Pitti Istand. ¢. and f. * Roiling” skipjack shoal followed by terns.
e. and g. *Breezing” shoal of skipjack. # Purse seining for skipjack from RV TUNA of IFP.
{Photos ato fr by E. G, Silas).



<

PLATE YHII. 4. Japanese mothership and catcher boats in Port Louis Harbour in 1964, 5. Stacking of longline
gear on the uppert dack of Japanese tuna catcher boat at Port Louis Harbour. . and 4. Japanese long-
liners working in the Lakshadweep Sea. e, Two confiscated longliners of the Republic of Korea at Port

Blair, Andamans. f. Confiscated Taiwanese wooden hulled boat at Port Blair, Andamans {Photos a to f
by E. G. Sifas).



of this species was 32,662 MT (FAO, 1980 o). These
estimates of skipjack catches may be in error by.more
than 50 per cent, and it may also be that a considerable
amount of data on the production of skipjack tuna are
included under ‘tuna-like fishes* (FAO, 1980 a) since
the total production of this species from the Indian
Qccan is. definitely more than what was reported. . The
production of the little tanny (E. affinis) also showed
a steady increase since 1969, and the maximum catch
recorded was in 1976 {27,400 MT). In 1979, the total
catch of this species was around 14,330 MT. As in
the case of the skipjack, this estimate is also definitely
on the lower side since the production of E. affinis in
Indian coastal waters in recent years was in excess of
17,000 MT. The total annual production of the frigate
and bullet tunas (A. thazard and A. rochei) was more
or less steady during the period*1965-1972 and in 1973
and 1974 the landings of these species were 6,200 MT
and 5,900 MT which declined to 1,809 MT in 1979.
* Tuna-like fishes’ in the Indian Ocean (FAO, 1980 o)
recorded the highest catch in 1968 (83,000 MT), and
since then their landings declined and in recent vears
their toizl production has been estimated to be around
50,000 MT.

Although tunas are the main target of the longliners,
billfishes are also cavght incidentally. The total annual
catch of billfishes from the Indian QOcean during the
period 1965-1979 ranged from about 6,000 MT (1973)
to 17,700 MT (1967). This showed a downward trend
from the peak period of 1967-68 fo the minimum in
1973, which subsequently recovered to a level of
11,550 MT in 1979. A review of the species-wise
catch statistics indicates that the total annual catch of
striped marlin (T. awdax) fluciuated between 1,100 MT
in 1973 and 4,700 MT in 1969. Relatively high catches
were made during 1965-1969 and during 1973 the
estimated caich was considerably low.. The shift of
effort by the Japanese longline fleets to further south,
where striped marlin are scarce, during the late sixties
could have been a coniributory reason for such a
downward trend in the total landing of this specics,
However, the total landing of this species in 1979 was
about 3,150 MT with the ROK vessels comming into the
picture. The total annual production of blue marlin
(M. nigricans) fluctuated between 1,500 MT (1976) and
4,074 MT (1967). A steady decrease in the catch from
the 1967 level has been noted and the total catch of
this species has been around 1,640 MT in 1979. The
total catch of black marlin (M. indica) ranged from

343 MT (1977) to 2,460 MT (1968) during the period

1965-1979. Fluctuations in the catch of this species
were: similar to that of the blue marlin. The catch
rate levelled off through the mid-sixties. but it. rose
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sharply in 1968 (2,500 MT). 1973, the landmgs
again declined and a secondary peak was noted in 1974.
In 1979 the total production- of black maclin from the
Indian Ocean was 367 MT (FAO, 1980 g). The sailfish
(1. platypterus) catch from the Indian Ocean fluctuated
between 334 MT (1979) and 1972 MT (1967). The
data on the sailfish landings contains a certain amount
of the catch-of the shortbill spearfish also, because of
the clubbing of the catch statistics of both these species
zy the tJ;panesc fishermen., However, the total catch
uring the period 1965-1979 recorded a prlmary

in - 1967 (1,972 MT) and a secondary one 'in - fgf
(1,349 MT) and the total catch of this spocies was
uniformily less than 1,000 MT per year during 1972
1978, In 1979 the:r total productlcm was 1,174 MT..

The total ca;tch' of . the swordfish (X. gladius) from the
Indian Ocean fluctusted between 1 220 MT (1977) and
2,315 MT (1978). Their total annual production
increased steadily from 1965 and after recording a
peak in 1969, the catch declined steadily until 1973
and the catch has almost levelled off by 1977.. In
recent years the total annual longline productlon of
the swordﬁsh is around 2,200 MT. -

A perusal of the literature on the level and status of
the participation in the Indian Ocean tuna fishery by
different countries since its commencement reverls that
large scale commercial longline operation in this area
has been oonducted entirely by the non-Indian Ocean
countries. The fishery was initiated by-the vessels
belonging to Japan in 1952, and subsequently Taiwan
and ROK entered the fishery in 1962 and 1967 respec-
tively. The total amount of fishing effort increased
steadily during the first two decades of the fishery,
but since then it tended to remain fairly constant.
Based on the development of the longline fishery in
the Indian Ocean three broad phases could be recog-
nised (Suda, 1973) During the-first phase (19524958),.
the Japanese fleets expanded their fishing activity, both
in effort and fishing area in the Indian Ocean, mainly
towards the western Indian Ocean and the tropical
waters. During the second phase (1959-1966), the
fishing effort by the Japanese longline fleets was
extended towards the ﬁshlng grounds in the southern
area with rather slow increase in fishing eﬁ‘urt The
third phase (1967-1970) wiinessed the rapid increase in
the fishing effort but without substantial increase in the
catch {except in 1968) and a real expansion of the fishing
activity. . At this stage, Taiwanese and ROK tuna
fishing effort in the Indian Ocean increased rapidly,

A riott;ble feature in the development of the tuna
fishery in the Indian Ocean was the expansion of the
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fishing activities towards the southern Indian Ocean
(south of 30°S) during the second phase (1959-1966),
which was associated with & shift in the preference of
species, largely by the Japanese fleets, from the tropical
yellowfin and bigeye 1unas to the more temperate specios
such as albacore and southern bluefin tunas. Japanese
longliners concentrated their eofforts to catch the
southern bluefin tuna in view of its high demand in
the production of sashimi. The longline fleets of
Taiwan and ROK mainly concentrated their efforts in
the fishing of yellowfin and bigeye tunas. In recent
years, the albacore has become the target species for
Taiwanese longliners.

A detailed analysis of the catch data of major species
of tunas and bilifishes taken by the longline gear by
different countries has been made and the results pre-
sented in Fig. 73 a-c. The production by different
countries are represented in the figures as percentage
of the total annual catch of each species for the period
1952-1979. It ig evident from the figures that the
Japanese longline fleets were solely responsible for the
production of different species of tunas and billfishes
from the Indian Ocean during the first decade of the
fishery. The percentage composition of the catches by
Taiwanese and ROK fleets increased rapidly since 1962
and the subsequent decrease in the catches by the
Japanese vessels have been balanced by the increased
production by the other two flests.

The trend of production of the four major species
of tunas and five species of billfishes by the different
countries conducting commercial longline operation in
the Indian Ocean, during the years 1966, 1971, 1976
and 1979 are presented in Table 5. A progressive
reduction in the share of Japanese longline fleet in
the catches of yellowfin, bigeye and albacore tunas is
evident from 1966 whereas they were responsible for
producing more than 809 of the southern blucfin tuna
during all the years. The Jandings of albacore tuna
by the Taiwanese Jongline fleets rose rapidly since 1966,
and in 1979 they contributed to 71.6% of the total
landings of this species from the Indian Ocean. ROK
vessels showed steady progress in the production of
most of the species of major tunas and in recent years
their contribution has been estimated as 71.5% of the
total catch of bigeye tuna, 15.7% of albacore tuna and
60.9 % of yellowfin tuna from the Indian Ocean.

Ag stated earlier, a declining trend in the total pro-
duction of billfishes was noted since 1961 though in
1979 their catches rose to 11,550 MT (FAO, 1980 a).
The dwindling in the catches of billfishes by the
Japanese fleets can be attributed to their shift in the
geographical area of operation since 1966, when they
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began to focus their attention to catch the lucrative
southern bluefin tuna in the area south of 30°S where
the billfishes are caught sporadically. Eventhough a
steady fall in their percentage contribution towards
the production of billfishes from the Indian Ocean is
evident from 1966, in recent years, 2 major share of the
catches of striped marlin (68.02) and sailfish (81.5%)
were contributed by the Japanese longline fieet. The
production of billfishes by the Taiwanese fleet rose
steadily since 1966 and in 1979 they comtributed to
52.0% of the total landings of swordfish and 50.9%
of the total catches of black marlin from the Indian
Ocean. ROK vessels also recorded increase in the
billfish production and they were responsible for the
landing of about 84.0%; of the blue marlin from this
area.

TasLe 5. Trend of production of major species of tumas
and billfishes (%, contribution) by the longline fleets of
different countries in the Indian Ocean during 1966,

1971, 1976 gnd 1979 ¢

o YEaRs
Species Country —
1966 1971 1976 1979
Yellowfin  Japan . 859 343 18.6 213
Taiwan .. 85 43,3 134 11.7
ROK w02 18.0 68.0 60.9
Others .. 5.5 44 — —
Bigeye Japan .. 856 516 103 12.7
Taiwan . 8.2 25.1 11.2 I5.8
ROK . 04 180 74.4 71.5
Albacors  Japan o 160 0.8 78 134
Taiwan .. 153 4.7 59.7 71.0
ROK e 29 210 260 157
Others . 58 59 8.7 —_
Southern Japan .. 1000 97.0 — —
bluefin Taiwan R — 20 0.2
ROK . 30 2.0 -
Sailfish Japan o 926 59.3 33.2 81.5
Taiwan . 13 26.6 434 9.5
_ ROK oo 02 14.1 233 8.9
Black Japan .. 863 . 488 42.0 49.1
marlin Taiwan .. 135 335 163 50.9
ROK o 03 17.7 226 —
Blue - Japan .. 819 39.5 298 16.2
marlin Taiwan R § 29.% 226 0.1
ROK o 02 210 48,6 837
Striped Japan .. 9T 47138 208 68.0
marlin Taiwan . 63 344 341 9.4
ROK . 0l 18.1 45.1 26
Sword Japan .. B6.3 505 281 18.6
fish ROK oo 02 17.1 37.2 294
Taiwan .o 135 323 4.7 52.0
1 Source : FAO (1971-1980a).
TUNA RESQURCES
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The data on the production of tunas, tuna-like fishes
and bilifishes by the (i) non-Indian Ocean countries
(longline operation), (#) Indian Ocean rim countries
and (iii) oceanic islands in the Indian Ocean Area
during the years 1977-1979 has been analysed and
results presented in Table 6. Sub-surface fishery by
Japan, Taiwan, ROK and other countries accounted
for about 106,580 MT (41.6%;), 115,090 MT (47.6%)
and 93,890 MT (40.4%) of the total tuns and billfish
landings during 1977, 1978 and 1979 respectively.
Surface fishery on an industrial scale employing pole
and line (live-bait) or purse seine hardly exists in the
Indian Ocean, though there are small scale live-bait
fishety for skipjack around Maldive and Lakshadweep
islands and for southern bluefin tuna off the east and
southern coasts of Australia. Surface yellowfin tuna

aye at present taken by Australia, India, Madagascar,
Maldives, Pakistan, Sri Lanka, PDR Yemen, Seychelles
and Oman. Species caught by the coastal countries
bordering the Indian Ocean include small tunas such
a8 skipjack, little tunny, bonito, frigate and bullet tunas
in addition to the young ones of large-sized tungs.
However, Indian Ocean rim countries and oceanic
islands in the Indian Ocean contribute to 58.4%, 52.4%
and 59.6% of the total production of tunas and tuna-
like fishes from the Indian Ocean during 1977, 1978
and 1979 respectively.

The specific fishing activities by major long-line fleets
in the Indian Ocean are presented in the following
section in order to understand the trend of the develop-
ment of these fisheries and the quantum and pattern of
the exploitation of tunas resources from this area.

TABLE 6. Estimated total production of tunas, tuna-like fishes and billfishes by () Non-Indian Ocean countries,
(i) Indian Ocean rim countries, and (iii) Islands in the Indian Oceort

(Uoun : MT) _
1977 1978 1979 )
Couniry
Catch % Catch p74 Catch A
(- Japan 23,705 30,003 29,886
ROK 60,882 63,602 45,021
Taiwan 21,484 17,891 18,767
USSR 473 488 33
Fgypt 0 14 175
G.D.R. .. 2 2
Total (%) . 106,574 41.6 115,090 471.6 93,884 40.4
(ii) 8. Africa . . 3
Tanzania 2,624 6,116 6,935
Somalia 3,465 3,465 3,465
P.D.R. Yemen 14,775 12,802 4,704
Oman 8,280 8,280 8,280
Pakistan 12,129 7,464 14,044
India 16,314 17,193 23,273
Thailand 1,636 2,095 1,110
Tndonesia 32,369 16,035 15,314
Australia 9,647 6,998 6,701
Total (%) . 181,219 39.5 80,448 333 88,429 381
(iiiy Reunion KL 445 445
Mauritius 2 37 21
Comoros 1,500 1,500 1,500
Seychelles 220 360 435
Maldives 22,800 20,200 24,700
8ri Lanka 23,526 23,717 22,745
Total {%5) 48,371 189 446,319 191 49,346 21.5

1 Source ;: FAO (1977-1980a)
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Japanese Longline Fishery

Historical review of the Japanese longline fighery in J,

the Indian Ocean has been made earlier by Nakamura
¢t al., (1956) Kikaws et al., (1969), Honma and Suzuki
(1972), Suda (1973 ; 1974), Ueyanagi (1974) and also
has been briefly summarised in the earlier pages.
The Japanese fishermen ventured into the Indian
Ocean and established a fishery in the castern
equatorial ares in 1952. Subsequently, from the yellow-
fin tuna grounds around the lesser Sunda islands the
operations expanded west-wards and resched the

African Coast by 1956. The arex north of the latitude

20°S was fully covered by 1968. The fishing activities
expanded southwards to 30°S for the albacore tuna.
In the castern Indian Ocean, the fishery spread south-
wards in pursuit of southern bluefin tuna and by 1964
it had reached 40°S and the Japanese longline fishery
covered the entire Indian Ocean Area north of 50°S
by 1968 (Fig. 74). Thus, the boundaries of the Japanese
longline fishery during 1964 and 1966 showed & conti-
nuous southward shift of the albacore fishery in the

western Indian Ocean and the southern bluefin tuna:

fishery in the eastern sector of the Indian Ocean
(Fig. 75). 1967 also saw a great deal of Japaneso
fishing effort from the Atlantic tuns fishery shifted to
the Indian Ocean. However, the ¢ffort (number of
hooks) expended by thia fishery north of 30°S gradually
decreased since 1967 and this was associated with an

..M;

o' 30 40° s50° 80° 70" 80" 90" 100® o' 120 |s%‘°,

Ld’

o s R 0% 198°

‘l 4

Fig. 74. Expansion of Japanese longline fishery in the Indian
Ocean since 1952 (From Honma and Suzuki, 1972).

TanLe 7. Annual distribution. of effors (Sets & Hooks) expended by different
tonnage classes of Japanese Longline fleet?

Tonnage 1969 1970 191 1972 1973 1974 1975 1976 1977 1978 1979
50 a 0.9 0.6 0.1 0,03
b 1538 1520 990 50
$0100 a 0.9 1.0 1. 0.6 18 2.5 6.1 1.8 4.8 9.3 51
b 1896 1604 1782 2190 1601 1622 1673 1413 1612 1645 1578
100200 a 89 6.7 6.2 29 52 6.5 1.6 22 1.7 1.0 2.3
b 2083 1932 2050 2083 2083 1982 1946 2108 2010 2143 2360
200- a 618 74,0 718 809 896 88,4 86.3 96.0 93.6 88.7 92,1
b 2148 2136 . 2158 2154 1808 2080 2013 2296 2341 2380 2457
Mother a 12.8 13.3 12.2 154 34 26 1.0
ships b 2241 3255 6374 7422 5470 5495 3120
Foreign
based a 8.6 4.6 23 0.2
vessels b 2430 2409 2252 1530 ve . ‘e e
Total Sets 46700 33,200 38,100 30000 42,800 40,900 46000 34,500 26,500 29,100 28,200

Total Hooks 101,115,000 78,181,000 88,793,000 72,195,000 79,506,000 85,630,000 91,235,000 78,190,000 60,569,000 66,546,000 67,546,000

" aHooks (% of tota])

CMPRI BULLETIN 32

b=No, of hooks per set

1 Sowrce ¢ Anon (1965-1981).
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PERCENTAGE DIS TRIBU_T_"]ON'. OF NOMINAL EFFORT
(HOOKS) BY LATITUDE, INDIAN OCEAN,JQGO-—-IQ?G -'
o - JAPANESE LONGLINE FISHERY. |
2222000 gng)g)'g:gi'gﬁgn
PobLbHhoRIERBITR
I ] i l l | i | ] 1 .
& - g e % s EFFORT
o 9% o p- y O .
.N.Q.,Q.oo ._?3.:“ e 09 ..8 & .8.“"3 A < YEAR  (x/0°Hooks)
R N - 1960 54,237 -
———emeendeniiienenlR 1961 - 60,027
e am 1962 68,093
' P — 1963 57,420
r—— L
- - 1965 79,848
— - 1966 89,566
—— —— e 1967 126,305
——tmle .. sl 1968 ne, 557
L . e 1969 0L, 107
| e 970 78,170
' il 1971 88, 598
— il {8972 72,105
o ol 1974 85, 617
— t 1975 91, 207
, S 1976 79, 914
( SCALE: 48] %) _

-

Fig. 75, Effort expended by the Japanese longline fleets in the lndian_ Ocean since 1952, A marginal difference of
not much significance may' be noted in ‘the effort expended (total number of hooks used) as given
in Table 7 (Anon, 1965-1981) and Fig. 75 (Based on data given by Wetherall er al., 1979).
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increase in the distribution of effort in the area south
of 30°S from 1969 onwards (Ueyanagi and Honma,
1979) (Fig. 76). Tt is evident from the figure that the
effort expended in the area north of 30°S in 1962 was
around 67 million hooks which reached a peak in 1967
(86 million hooks) and rapidly declined to 15:2 million
hooks in 1976. The number of hooks employed in
the area south of 30°S in 1962 was 1.4 million hooks:
and in the subsequent years the effort expended in this.
area increased rapidly and reached about 63 million
hooks in 1976.

l0|"
. —ie North of 30°8
“9 . o - =0 South of 30°S
x 87
W =
et
uw %
Q
847
<
-
g%l
"w" T L8 [
~ Quaud 0T P P S U SR S T
- 1962 1964 1968 19568 1970 1972 1974 1976

Fig, 76. Disttibution of effort (number of hooks) in the
Japanese longline fishery in the areas south and north of 30°S,,
1962-77 (From Honma and Ueyanagi 1979).

Another recent development in the Japancse tuna
longline fishery in the Indian Ocean is the introduction
of the * deep longline * to catch deeper swimming bigeye
tung. Kume and Morita (1979) reported on the effi-
ciency of this gear in the Indian Ocean and Banda Sea
and stated that the percentage composition of the deep
longlines have increased steadily from 1974 and accord-
ing to them the increased effectiveness of the deep
longline gear is in the factor of 1.5 when compared
with the ordinary longline.

Amnual distribution of the total effort (number of
gets and hooks) employed by the Japanese Iongline
vessels of differemt tonnage classes during the period
1969-1979 is presented in Table 7 (Figs. 77, 78 a-d).

Vossels of less than 50 tonnes are not in commercial -
operation in the Indian Ocean sinos 1971. Vessels of |

greater than 200 tonnes formed more than 679 of the
total fleet from 1969 onwards and in 1979 they con-
stituted 92% of the total Japanese longliners operating
in the Indian Qcean area. An average of 2,000 hooks:

per set are omployed by these vessels.  Motherships

were in operation until 1974 and again in 1978, and
the number of hooks per set varied between 2,200-7,400.
Foreign based vessels were also in operation till 1972,
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Fig. 77. Spatial distribution of longline flests of Japan and

~Taiwan in the Indian Ocean, 1969 (From Soda; 1974),

A perusal of the catch-effort data of the Japanese
- longliners indicates that the growth of the longline

fishery was accompanied by a steady fall in the hook
rate, from 5 fish/100 hooks in 1962 to around 3/100
hooks in 1968 and 1 fish/100 hooks in 1979 (Fig. 79).
The toial effort expended was minimum in 1963
(57.4 million hooks) and maximum in 1967 (126.3
million hooks), but the catch rate did not improve

accordingly. However, during the period 1967-1979,

the effort expended by these fleets in the Indian Ocean

fluctuated between 61.0 and 126.3 million hooks

(Fig. 76). The total catch.-of tunas and.billfishes by
the Japanese longline fishery increased .steadily during.
the first decade of the commencement of the same in-
the Indian Ocean and formed about 3,444,000 fishes in

1962. After recording a decline in 1963, the total catch. .

again rose rapidly and reached the maximum in 1968

(3,775,000 fishes) and has since declined steadily ‘to.

about 18% of its peak value in 1979 (Fig. 79).

In the present study an analysis of the percentage
composition, catch-effort relationship .and hook-rates
of different species .in the Japanese .longline fishery
during- 1962 to 1979 has been made and the results
presented .in .a series of figures (Figs. 30-83 ; 84 a-;
85 a-p; 86 a-t). Yellowfin tuna constituted 40.5% of
the total catch in 1962 and a gradual increase in their
catch was recorded since then and in 1968 it formed

8%
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Fig. 82, Catch-effort relationship of albacore, bigeye and southern bluefin tunas in the Japanese longline fishery
in the Indian Ocean, 1962-79,

46.5% of the total catch of tunas and billfishes by
these fleets. Subsequently, their percentage contribu-
tion to the fishery decreased and in recent years it was
around 22.0%. The hook.rate of this species also
showed a steady fall from>2 fish in 1962 to<1 during
1969-1971 and<0.5/100 hooks during 1972-1979.!
Albacore tungs contributed to 29.2% and 38.9% of the
total production of tunas and billfishes in 1962 and
1964 respectively, and since then their percentage con-
tribution decreased rapidly and in 1979 it formed only
5.9% of the total catch. The hook-rate of albacore
was relatively high (>1.5 fish/100 hocks) during the
early phase of the longline fishery which declined
steadily and <0.5 after 1970. Bigeye tuna ovinced
annual fluctuation in their production and their per-
centage composition fluctated between 12.7% (1962)
and 22.5% (1979). The annual hook-rate of this
species was>>1.0 fish per 100 hooks during 1962-1966
and was<0.5 during 1969-1979, The contribution of
the southern bluefin tuna to the total production of
tunas and billfishes by the Japanese longline fleet is
noteworthy. Their percentage contribution rapidly
increased since 1962 (11.6%) and in 1976 and 1979 it
formed 57.7% and 39.6%; of the total landings respec-
tively. The total catch of this species fluctuated between
a minimum of 232,000 fishes in 1978 and & maximum
of 734,000 fishes in 1967, The annual hook-rate during
-the period 1962-1966 was around 0.5 and subsequently
it was invariably low (<0.5 fish/100 hooks). Incidental

1 The hooksrates are given as percentage in the docompanying
text figures. :
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catches of skipjack tuna constituted 0.1-2.9% of the
total catches during the period 1962-1979. Their
hook-rate was relatively low and was<0.05 during
the period siudied, The percentage composition of
bilifishes in the annual catch during the period 1962-
1979 was invariably less than 59%. The hook-rate of
striped marlin was<0.1 during 1965 and 1966, but
was mostly between 0.01 and 0.06/100 hooks during
the rest of the period. The hook-rates of broadbill
spearfigh, black marlin, blue marlin, sailfish and sword-
fish were uniformily«0.1/100 hooks during 1962-1979,

Different estimates of the annual and spatial patterns
of mean weight of tunas and billfishes from the Indizn
Ocean are given in Figs. 87 and 88 a-h.

Taiwanese Longline Fishery

Taiwanese longline fishery for tunas commenced in
the Indian Ocean by the sixties, and since then their
vessels started concentrating the fishing of tropical and
sub-tropical species of tunas and billfishes. More effort
was expended in the waters of the low latitudes in the
Indian Ocean excepting the waters off the eastern
African Coast and part of western Indian Ocean during
1%67. Maximum effort (more than 20 x 104 hooks in
the 5° square area) have been expended in the following
areas during the early phase of the fishery : (/) north
of 5°S and between 75°—95°E ; (i) 5°N to 35°S and
35°—70°E in 1967. Subsequently, the fishing activity
has expanded throughout the Indian Ocean Area and
occupied the waters north of 40°S in both the western
and eastern Indian Ocean during 1977 (Fig. 89 a-c). -
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Fig. 84 a-§. Average hook-rate (27 of different species of tunas and billfishes in the Japanese longline fishery in the Indian

Ocean, 1971-76.
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Fig. 85 a-n. Quarterly hook-rate () of albacore, (a-d), bigeye (e-A), yellowdin, () and striped marlin (m-p)in fthe Japesese
longline fishery in the Indian Ocean, 1977,
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Fig. 86 (continued), s and ¢,

The numbei't of tunga longline vessels by size operated
by the Taiwanese longline fishery during 1967-1978

indicates that the main size class of vessels shifted from

100-200 tonneé type to 200-500 tonne type since 1970,
and in recent years the latter class of vessels constitute
more than 50% of the total vessels opersting in the
Indian Ocean.

Difforent size class vessols and the mothership oper#-
tions make it difficult to monitor the number of boats
operated at any one time in the Indian Ocean unless

proper surveillance is developed. As regards the
Taiwanese boats, the number of size classes operated

in the Indian Ocean during 1967-1978 are indicated by
Yang (1979) which is reproduced here in Fable 8.

Annual distribution of the total efforts (seis and
hooks) and number of hooks per set accerding to
different tonnage classes of vessels during 1971-1978 is
presented in Table 9. The tuna loagline vesssls of the
size class 200-500 tonne employed about 2,000 hooks
per s¢t while the number of hooks varied between
1,300-1,900 per set in vessels of less than 200 tonne
class. Longline vessels of greater ihan 1,000 tonne

gize class employed 6,300-8,400 hooks per set during -
the fishing operation, especially during 1971-1974.

The total number of vessels which conducted fishing
operations in the Indian Ocean also decreased com-
siderably since 1974. However, in 1978, 200-500 tonne
class vessols constituted about 609, of the total vessols
operated by Taiwan in the Indian Ocean.

Available data on the total effort, catch (in number
and weight) and hook-rate during the period 1967-1978

were analysod and the findings are presented in Fig. 90. -
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The total effort (number of hooks) expended during
the above period fluctuated widely. After an increase
in the ioial fishing effort in 1969 (52.8 million
hooks) the effort declined in 1973 (32.6
million hooks) and subsequently the effort
expended increased and in 1974 about 53.0 miflion

hooks were used by the Taiwanese in the Indian Ocean
~tuna fishery. A secondary decline was evident in the

effort by the Taiwanese tunag longline fishery during
1975-1977 (33.0-37.0 million hooks). The relationship
between the fishing effort (number of hooks) expended
and the corresponding catch (in number and weight)
has been analysed for tho period 1967-1978 based on
the available Taiwanese tuna longline data. The tosal
catch of tunss and billfishes was highest in 1969
(49,291 MT) and lowest in 1967 (13,478 MT). How-

. ever, catch in number was highest in 1968 (1869,000
' fishes) and lowest in 1967 (537,000 figshes). Total

hook-rate showed fluctuations during 1967-1975 and
a declining trend was evident from 1968 when>4
fishes/100 hooks were caught while in recent years the
hook rate has been between 2-3. The trend in catch
in weight indicates that it was above 0.1 MT/100 hooks
in 1968 which showed fluctuations since then and in
1978 the hook-rate in terms of weight was less than
0.075 MT/100 hooks.

An analysis of the variation of the percentage com-
position of the different species of tunas and billfishes
in the Taiwanese longline fishery and the catch-effort
relationships has been made based on the longline
data gyeilable during the period. 1967-1978 (Fig. 91; .
92: 93 aand d:94;95; 96 a-x ; 97 a-g). Albacore
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TABLE 8. Number of tuna longline vessels (Taiwanese), by size, in the
' Indian Ocean during 1967-1978 o

Gross Tonnase
Year Total =
-50 50-100  100-200 200-500 500-1000 1000-
' 1967 103 2 5 56 39 2 1
1968 152 1 7 92 47 2 3
1969 172 9 94 L 1
1970 17 " 4 88 " 1 1
1971 157 5 68 83 . 1
1972 119 8 51 60 1 1
1973 125 . 6 - 4 6 1. 1
1974 177 . i3 5 ' 99 6 1
1975 59 - 28 3 o
1976 58 29 29
1971 7 . 33 3
1978 86 'z 1 s 49 . 1
* Source : Yang, 1979,
TasLe 9. Amnual distribution of effort (Sets & Hooks) expended by different tomnage closs
of Taiwanese Longline fleet (1971-1978) *
1571 1972 1573 1974 1975 1976 1977 1978
50-100 a 0.4 27 1.9 1.5 0.02
b 1359 1506 1467 1438 84
100-200 a 269 35.6 267 388 25.6 24.9 298 35.9
b 1772 1912 1899 1840° " 1686 1 1360 1886.
200-500 a 62.9 $33 658 58.1 84.4 75.1 68.9 618
b 2018 2032 2072 2031 2063 2100 2105 2155
500-1000 a 1.6 0.9 1.3 0.3
b 2582 2455 . 2234 2554
1000- a 98 . 68 4.6 1.6 20
b 8405 7870 7381 6536 6333
Total Sets 21,343 18,917 15,713 26,946 18,702 16,390 16,721 20,494
Total Hooks 44,843,800 39,288,400 32,596,300 52,849,000 37,281,000 32,897,000 33,895,700 42,546,000

a Hoaoks (7 of total)
b No, of hooks per set

 Source ¢ Anon (1971-79)
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Fig. 90. Total effort expended, group-wise.catch (in number and weight) and total hook rate (%) of tunas and billfishes
in the Taiwanese longline fishery in the Indian Ocean, 1967-78, The billfish component which amounts to léss than 209,
of the total catch by weight and number is shown on top of each bar in Fig. 90 b and ¢,
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Fig,91. Group-wiss annual percentage composition of tunas and bilifishes in the Taiwanese longline fishery
in the Indian Ocean, 1967-78.
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tung became the target species since 1973 and con-
stituted 36-57% of the total catch of Taiwanese fleets
during 1973-1978. The hook-rate of this species
showed wide fluctuations and during 1968-1972 it was
around 0.5 to 1.2/100 hooks and since then it was
around 1 to 2 fish/100 hooks. Bigeye tuna constituted

2000
18600
1600

1400

g

Cotch (No.x000)
o]
(=)
o

Cotch (x 103 mT1)

1 i J

i
48 36

O B8 16 214 32 40
Effort (xi106)

Fig.93 aand b. Catch-effort relationship of all groups (combined) (in number and weight) in the Taiwanese longline fish
in the Indian Ocean, 1967.78, :

14-25% of the total catch during the period 1967-1978
and its hook-rate ranged between 0.25-0.50/100 hooks.
Yellowfin tuna contributed 25-519% of the total catch
until 1972, but after 1973 it declined to [1-21% of
the total catch of tunas and billfishes by the Taiwanese
fleets. The hook-rate also showed a steady fall from
about 3 fish{100 hooks in 1968 to<0.25/100 hooks in
1974, Subsequently, the hook-rate of this species
showed an increasing trend and in recent years it was
around 0.5, The percentage composition of billfishes
was invariably loss than 5% during the period 1967-
1978. In genoral, blue marlin was the main species
caught before 1973, and it occupied 3 to 5% of the
total catch during that period. Since 1974, striped
marlin shared 2 to 59 of the total catch by the
Taiwanese longline fleet. The hook-rate of striped
marlin was between 0.025 to 0.10 fish/100 hooks during

112

1967-1978. The hook-rates of swordfish, blue marlin,
black marlin and sailfish were uniformily less than
0.05 fish/100 hooks during this period.

An executive summary of the state of stocks of tunas,
billfishes and tuna-like fishes is mads in the following
section in order to appraiss the current level of exploi-
tation of the different species and to assess the potential
for expansion of tuna fishery in the Indian Ocean,
based on the available data (FAQ, 1976 ; IOFC, 1977a ;
FAO, 1980 5) and the results of the analysis of the
data conducted during the course of this study. A
perusal of the existing literature on the production
model analysis for stock assessment of different species
including the one made recently (FAO, 1980 ») indicates
that most of the cases are largely calculated based on
the Japanese effort data. Catch-effort data for different

TUNA RESOURCES
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Fig. 95. Catch-effort relationship of billfishes in the Taiwanese longline fshery in the Indian Ocean, 1967-78.
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different species of tunas and billfishes in the Taiwanese longline fishery in the Indian Ocean.
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Fig. 97 (continued), {z).

species by the Taiwanese longline fleets in the Indian
Ocean is available for the past few years (1967-1978)
bui detailed effort and catch statistics for ROK long-
liners are not available. The effeciive fishing effort
employed to estimate CPUE (abundance Index) in
these analyses was computed chiefly from the Japanese
catch siatistics and extrapolated for the entire longline
fishery on the basis of the total catch (Fig. 98). In this
‘conneciion, it may be pointed out that although good
statistics are available in the Japanese longline fishery,
it no longer represents the fishery as a whole because
of the uneven disiribution of the effort over the fishing
area by the Japanese fleet. The pattern of distribution
of the fishing effort in recent years by the Japanese
and Taiwanese longline fishery as presented in Figs. 78
and 89, and discussed elsewhere in this chapter
support this assumpiion. Although the completeness
and reliability of the assessmeni of potential
yields and optimum fishing effori available in the
earlier documents is open io question, the available
information on these lines are summarised and discussed
in the ensuing section.

TuNaSs

Yellowfin tuna

Kurogane and Hiyama (1959), Morita and Koto
(1971), Honma and Suzuki (1972), Huang et dof.
(1973), Suda (1972, 1974) Marcille and Stequert,
(1976 b) and recently Wetherall et al., (1979), Suzuki
{19793, FAO (1980 b) and Riggs (1981) reporied on the
different aspects of the fishery and biology and stock
status of Indian Ocean yellowfin tuna, based largely
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on the Japaness longline catch siatistics. It was
carlier indicated that there are at least two yellowfin
stocks in the Indian Ocean, - the longitude 100°E
separaiing the two (Morita and Koto, 1971). The
CPUE in general showed a decreasing trend and
the average catch rate in the entire eastern and
western Indign Ocean areas declined to 30% of
that in the early phase of the fishery (Suzuki, 1979).
The fluctuation in the total catch {(devialior from the
mean value) of this species during 1965-1979 indicates
that after a primary peak in 1968, the catches were
below the average catch for the above 15 year’s period
till 1977 (Fig. 99 4). -In recent years their production
has risen to above average levels. The portion taken
by the longline catch has decreased and thai by surface
fishery has increased (Fig. 72).

The major part of the longline catch of the yellowfin
tuna consisied of 2.5 to 3.5 year old fish in the early
phase of the fishery, but with the progressive develop-
ment of the longline fishery some decreases in the
average size was noted, and since 1965 proporiion of
1.5 o 2.5 year old fish in the commercial catches had
increased (Suda, 1974). The stock size of the 2 year
old fish was high in the western Indian Ocean during
1962, 1968, 1971 and 1972 and in the easiern. Indian
Ocean during 1962 and 1972 (Suzuki, 1979 ; slso
Fig. 100). According to him, the 2-year old fish domi-
nated in the area beiween N of 15°S and 40°-80°E in
the western Indian Ocean and between 0°-20°S and
100° and 125°E in the eastern Indian Qcean during the
above periods, No relationship between the stocks of
this species and recruitment was evident in this study.
However, the reduction in size can also be atiributed
to the shifi in the longline operation by the Japancse
fleets from the Central Indian Ocean Area where older
year groups of yellowfin dominaie (IOFC, 1977a). Due
to the shifiing pattern of the Japane:¢ longline fishery,
this stock would have been parily taken by the
Taiwanese and ROK vessels for which size daia is not
available.

Different cstimates of MSY for ycliowfin tuna are .
also available (Table 10). Suda (1974) computed the
estimated maximum catch for yellow fin tuna as 35,000
tonnes. Weiherzll ef al., (1979) stated that with smooth-
ing periods of 2 or 3 years, the MSY is aboui
4345400 MT. According to Suzuki (1979} the esti-
mated MSY for this species in the Indian Qcean is
about 39-58,000 MT, ¢ with best estimaies of 38,658 t
under 36,256 x 10% effective hooks or 44,164 tonnes
under infinite hooks.” According to FAO (1980 5) it is
indicative that the MSY for yellowfin tuna is probably
between 40-60,000 MT. In recent years, their total
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piroduction by the lonigline fishery is around 29,150 MT
(EAO, 19804). It has generally been agreed earlier
thai even if the fishing effort by the longline fishery is
increased, no margingl increase im the catch can be
cxpected (FAO, 1969; Honmg and Suzuki, 1972;
Suzuki, 1979). However, the development of the
m,tfwe fishery may potentially increase the total pro-
duciion of the yellowfin juna in the Indian - Ocean,
although it may reduce the abundance in the longline
catches of this specics. This trend needs close

for younger fish of 3-5 year old, chiefly by the Japaness
longline vessels (Suda, 1974). In the beginning stages
(1952-1965), CPUE increased considerubly and then
steadily since 1956 and along with increase in effort
the . average size ‘of albacore alse decreased, both of .
which may be dve to the shift in preference by the'
Japanese longliners. In generzl, the catches also
declined in 1971 but during 1973 and 1974 relatively
high production has been recorded.

Different estimates of MSY for Indian onmm

monitoring.
TABLE 10, Estimated MSY of different species of major tusas _ ’
" in the Indian Ocean ' ' .
(Unit: 1000MT) -
IOBC IOFC/IPFC .
Species working working Shimizu 1979
party party workshop _ Catch
{1969) (1972) 19714y (1919 {FAQ, 1980a)
Yellowfin 3035 035 35 43451 6
- - 3873
421"
Albacore ' " 20.28 20428 2828 15204 12
. (i7-18)8 ' -
Bigeye 228 30-32 2830 9601 on
T (20-30)% 30,1325t
' . .. 461134
30.3-60.61
Southern blucfin 35-40 35440 3540 .. o 18

1 Wetherall ef /., 1979 (Working document)
* Suzuki, 1979 (Working document)
* Kume & Morita, 1979 (Working document)

a Fastimates of maximum potential catch (XOJ} M T notth of 30% without slgmﬁcam explouanon of lhe immatare groug south

of 30°S.

Albacore

Koto (1969), IOFC/IPFC (1973) Suda (1912 x974),
I0FC (1977a), Morita (1977) and rccently ‘Wetherall
et al., (1979) and FAO (1980 5) have reviewed the
state of siock of this species in the Indian Ocean.
Fluctuation in the totsl produciion of albacore tuna
in the Indian Ocean during the period 1965-1979
suggests that the caich fluctuaied markedly afior 1965
and the maximum caich was recorded in 1974
(Fig. 99 b). In recent years, the total caich of this
spemahas been below the average value for the 15 year

penod.

In the early years, ﬁahmg was carried out on
older yoar class (6 ys~+) in the area north of -30°S
and sitoe then there waw 2 steady increase in the fishery

gore are available (Table 10). Suda (1974) estimated
25-26,000 tonnes as the maximum caich and suggested
a calonlated maximum catch of 17-18,000 tonnes from
the arez north of 30°S without any significant exploita-.
tion of the immature group south of 30°S. Wethersll
et al., (1979) based on the produciion model analysis
caloulated an MSY equal to about 17,800 MT at an
infinitely high effective effort. FAO (1980 b) presented
g&n MSY between 15-20,000 MT based on Japanese
CPUE  data. However, the average catch of this
spocies froum the Indien Ocean during the past 11 years
was about’ 15,500 MT. It has also been comcluded
that the stook of albaoore.in the Indian Ocean is almost
fully harvested and incresse in fishing offort (longline)
may not substantially incresse the catch. An yield
curve, prepared by Wetherall et al., (1979) appeared to
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be asymptotic and there-was little change. in the catch
although effort doubled from 1966-1974 (Riggs, 1981).
Based ‘on the available information of the population
structure and trend in the total production, it may be
concluded that the catches of Indian Ocoean albacore
tuna could be increased if large scale surface fishing
almed at medium-sized fish becomes prevalent in the
areas of their concentration,

Bigeye tuna

- Sakamoto (1967), Kume et al., (1971), Marcille
and stequert (1976 b) and recently Kume and Morita

(1979), Wetherall ef.” al,, (1979) and FAO (19803) .

reviewed the stock structure and other biological
characteristics of the Indian Ocean bigeye tuna.
Based on the average size composition, it has been
postulated that the bigeye tunaz in the area south
of 30°S are chiefly immature fish (southern group) and
the adult fishes dominate in the low latitudinal area
(equatorial group) (Kume and Morita, 1979). However,
pertinent data on the. occurrence of more than one
group (stock) of bigeye tuna across the Indian Ocean
is wanting (FAO, 19805). The fluctuation in the
production of bigeye tuna in the Indian Ocean during
1965-1979 suggests that after a productive period of
1968-1970, the catches dwindled in 1975 and since
then the catches showed an increasing trend. Subse-
quently, maximum catch has been reported in 1978
(Fig. 99 4). Based on the size composition of this
species in the Indian Ocean, Kume and Morita (1979)
obsorved that small and medium sized fishes dominaied
in the areas of high concentration of this species and
large-sized fishes were ‘ concentrated in the marginal
regions of their distribution’. According to them,

the abundance of 6, 5 and 4-year old in 1975-1976

decreased, on an average to 1/5th, 1/3rd and 1/2nd
level of the produciion of the same during 1955-1956
respeotwely

- Different: es‘timates of the MSY of this species are

available (Table 10), Suda (1974) gave an estimate of
28-30,000 MT under average condition of fishing.

Kume dnd Moriia (1979) conducted two sets of calcu-’

lations to fit in the production model and to ascertain
the MSY on this species. In case (I), in which the
1977 catch has been included, the MSY calculated was
between 46-112,900 tonnes and in case (II) where the
1877 catch was excluded, the MSY ranged from
30,300-60,600 tonnes.  Wetherall er. al,, (1979) pre-
sentod snother set of MSY values for the Indian Ocean
bigeye tuna. After averaging one of two years, the
estimated MSY by these authors was 59,00-60,000 MT
dt infinitely high effort ; but smothing by 3 or 4 years,
the MSY esitimated was about 30,600-32,500 MT at
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“effort slightly above the recent lfevel’. As stated
earlier, all the production models analysis made on
Indian Ocean bigeye tuna are based on the Japanese
effort siatistics, for which good data are available, but
it no longer represent the fishery as a whole because
of the scatiered effort over the fishing areas. However,
the total production of this species in 1978 and 1979
from the Indian Ocean has been estimated io be
49,000 MT and 31,600 MT respectively.

The bigeye tuna (smaller size-groups) can be further
exploited by the surface fishery such as the pole and
line (iive-bait) fishery and surface trolling. Reliable

‘catch statistics from different surface fishery from other

areas in the Indian Ocean is not available. Kume and
Morita (1979) stated that ihe percentage of the deep
on gline gear employed in the Indian Qcean especially
for the bigeye tuna has increased considerably since
1974 as follows ;

No. of cruises % of deep longline

Year ' examined gear
1974 ‘ 92 1
1975 o1 3
1976 50 4
1977 . 50 24

They have also indicated that the increased effective-
ness of deep longline gear for bigeye tuna in the Indian
Qcean as a factor of 1.5, Suzuki et al., (1977) com-
pared the catches of regular and deep longline gears
by the Japanese vessels from the western and central
equatorial Pacific and stated that the hook-rates of
bigeye tuna was invariably high in the deep longline
and the ratio of the mmean values between deep and
regular longlines has been calculated as 1.79 for bigeye
tuna. Further, he (Suzuki 1979) analysed the average
length of the bigeye tuna taken by the deep longline
gear in the same areas and concluded that the size of
this species by the deep longline gear tended to. be
Iarger than those by the regular one, and the result of
the statistical test in the means of average length for
the regular vs deep gear indicated an observed value
of 19.80, which was significant at 59/ level. “

Based on the above facts, it appears that the siock
of bigeye tuna in the Indian Ocean offers scope for
further exploitation. According to Riggs (1981) the
yield curve showed increasing catch with effort | effort
levels were not high enough to indicate a maximum
or asympiotic yield. As stated by the FAO (1930 5)
an increase in the total catch could be obtained by
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increasing the longline fishing effort, but the CPUE
will probably tend to decline gradually. However,
the increased employment of deep longline gear coupled
with the expansion of surface fishery might further the
production of this species from the Indian Ocean.

Southern bluefin tuna

Southern bluefin tuna is the most heavily exploited
species in the Indian Ocean. Suda (1974), Warashing
and Hisada (1974), IPFC (1975), IOFC (1977), Shingu
and Hisada (1979) and Olson (1980) have recently
reviewed the stock of this species in the Indian Ocean,
According to Olson (1980), by 1961 the catch of
southern bluefin tuna reached its all-time peak of 1.2
million fish (74,000 MT) taken by only 33 million hooks.
By 1964, the catch and effort fluctuated and 750,000
fish were caught by 35 million hooks. After 1964, the
longline effort increased rapidly to about 85 million
hooks in 1968, when only 150,000 fish were taken
The growth of longline fishery showed a slow trend
after 1969, which may be due to the implementation of
& voluntary regulatory programme which involves the
closure of certain areas during seasons when S-year old
fishes and juveniles as well as spawning adults aggrogate
{Shingu and Hisada, 1979) (Fig. 101). However, fluctua-

L3

recent years larger fishes have been taken by the
surface fishery off easiern Australia (IOFC, 1977a).
According to Suda (1974), the abundance of the spawn-
ing stock in 1968 has decreased to 1/7th of that in
1950°s, but the decrease has not yet been reflected in
any drop in the recruitment. However, the CPUE in
the Australizn surface fishery has been fairly stoxdy.

Suda (1974) calculated an MSY level of 35-40,000
MT for this species (Table 10). ‘A voluntary regu-
latory plan has been applied for the Japanese fishery
through ‘closed areas’ and °*closed seasoms’ from
October, 1971. However, the landings of this species
in recent years are between 17-26,800 MT which, on
an average, represent 50°, of the total production of
this species from its distribution range in the South
Indo-Pacific and South Atlantic. _

BILLFISHES

The state of stocks of billfishes taken by the longline
fishery in the Indian Ocean has been studied by Howard
and Starck II (1965), Pillai and Usyanagi (1977) and
rocently by Honma and Ueyanagi (1979). The current
state of billfish production from the Indian Ocean has
been reviewed recently by Wetherall e al., (1979),

!
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'Fig. 101, Areas and scasons involved in Japan’s  voluntary regulatory programme for southern bluefin tuna (A fter Suda, 1973). \

tiois in the total annual catch during the period
1965-1979 indicate that between 1967-1977 catches
were more or less steady and in 1978 and 1979 the
total production decreased considerably (Fig. 99b).
The dbundance of the matured fish in the catches
during recent years also decreased. (Suda, 1974).
However, there are indications that the longline fishery
is concentrated at the grounds with smaller fishes and in
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FAO (1980 &) and Yosbida (1981). Mixed reporting
of the landings of blue marlin gnd black marlin, and
those of sailfish and shortbill spearfish by the Japanese
longliners make reliable stock assessment of these fishes
difficult. Further, the detailed effort statistics are
available for the Japanese and Taiwanese fishery only.
However, a brief review of the trend of production of

* the different species of billfishes from the Indian Ocean
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is made in the present study, prcjecting the status of
the stocks based on available information.

Striped Marlin

The trend of annual production of this species durmg
1965-1979 indicates that it fluctuated widely and the
toial catch was below the average value for the said
period during 1971-1975, which was mainly due to the
shift of effort by the Japanese longliners to further
south (Fig. 99 ¢). The possibility of the existence of
different stocks of the striped marlin in the Indian
Ocean cannot be ruled out but there is no valid data
to support this assumption. It has also been suggested
that this species attains sexual maturity at 140-150 cm
eye-fork length (Pillai and Ueyanagi, 1977). Two
trecent estimates of MSY are gvailable for the Indian
Oocean striped marlin, Honma.and Ueyanagi (1979)
estimated the MSY to be 3,000-3,500 tonnes, produced
by an optimum effort of around 100 million hooks.
Wetherall ez. o/., (1979) estimated the MSY as 3,500 MT
and according to them *the present level of fishing
effort as a whole is indicated to be aboui half of the
level of the optimum effort’, - However, in 1979, the
total catch of this species was around 3,150 MT
(FAO, 1980 g). - The potential for an increasiag pro-
duction of striped marlin from the Indian Ocean appears
to be possible (FAQ, 1980 b).

Blue Marlin

Blue marlin is concentrated in the tropical waters
and high catch rates are observed in the lower lati-
tudinal areas. Geographic variations in the catch rate
ghows a single stock of this species. ‘The trend of total
production of this species indicates that from 1970
onwards the tofal annual catch decreased considerably
and has usually been bslow 2,000 MT in recent years.
(Fig. 99 ¢). The production model analysis for blue
marlin suggesied an MSY of 3,400-3,600 MT achievable
with less effort than has recently becn expended
(Yoshida, 1981). According to Honma and Ueyanagi
(1979) an increase in effori may result in a slight increase
in the catch of this species.

Black Marlin

The total catch of this species during the period
1965-1979 reached a peak during 1968-1969 and since
then deolined to less than 500 MT in 1979 (FAO, 1980 @)
(Fig. 99 ¢). No information on the stock structure of
this species is available, although there are concentra-
tions of the same in the eastern Indian Ocean, off South
‘Africa and Saudi Arabia. Wetherall er. al,, (1979) have
esitmated an MSY for this species as 1,400-1,500 MT.

Effort levels of 40-60 million hooks have produced the -
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caiches which showed considerable variation about the
equilibrium yield curve (Y oshida, 1981).

Swordfish

Totgl annual caich of this species fluctuated between
1,069 and 2,300 MT during 1965-1979. The annual
total caich was below the mean value during 1971-1977
and in 1979 aboui 2,250 MT was taken from the Indian
Ocean (Fig. 99 d). K is also suggesied carlier that the
siock of swordfish do not seem to have boon affected
by the present effori by the longline fishery, and their
potential yield is estimated o be more than what was
taken so far from this area.

Sailfish

The sailfish caich by the Japanese longline fleet has
beern mixedly reported along with shortbill spearfish
and hence reliable stock assessment of this species is
noi possible. However, in 1967, maximum catoh of
this species was recorded and subsequenily the iotal
annual production declined and in 1979 iis catch was
ground 1,170 MT (Fig. 99 ¢). As in the case of sword-
fish, the sailfish stock has not been affected by the
longline fishing effort and the potential yield of this
species is relatively higher than the anunval production
so far recorded from the Indian Ocean (FAQ, 1980 ).

Skipjack Tuna

Accurate information and caich siatistics of the pro-
duction of skipjack tuna by the Indian Ocean rim
countries and oceanic islands in the Indian Ocean, in
several cases is inadequate. However, during the
period 1965-1979, the total annual catch of this species
wag above the average values during 1970-1978
(FAO, 1980 q) (Fig. 99 b). In 1979, their total catch
was estimated to be 32,662 MT. The countries report-
ing on the catches of skipjack tuna in this area include
Australia, Comoros, Indig, Indonesia, Japan, Taiwan,
Korea, Maldives, Mauritius, Seychelles and Sri Lanka
(Riggs, 1981). As discussed earlier, there is every indi-
cation that the total production of this species from
the Indian Qcean must be more than what has been
reported, There have been several estimates on the
potential yield of skipjack tuna, and these estimates
and the state of their production has recently been
discussed (IOFC, 1977a) (Table 11). Effects of fishing
on the stock of skipjack in this area is not apparent,
One of the major deterrents in the development of the
surface fishery for skipjack in the Indian Ocean is the
non-availability of suitable bait fshes. A!though,
there has' been &’ number: of small scale tuna fisheries
in soverul arcas in iho Indum Ocean, all of them have
not been successful, mainly duc to the fuilurc to find
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the right specialized technique for the specific ares.
It may be concluded that the sklp_]ack catches could

be expanded comsiderably by increasing the surface.

fishery as there is evidence that the present catches
are only a fraction of the potential from the whole
Indian Ocean. The possibilities of purse seining needs
setious consideration as live-beit pole and line fishery
exoept in the amall scale sector operating closs to insular
arcas has limitations. So also in the longline fishery,
-skipjck tunas form an insignificant fraction, '

The potential and curvent ylelds of tunas and

TABLE 11,
related fishes in the Indian Ocean
Potential*  Current* 1579
Catch**
Large tunas
Present longline
fishery - 125 110 92
© Possible addition
" from surface .
. fishery © .. 50 25 - 30
Skipjack . 225400 & - 3O
Billfishes e 10 8 13
Small funas 100-200 20 i 65(%)
510.785 223 232

* Estimates provided in IOFCJ77/Inf.11 (Vth Session, Cochin,

1977,
*¢ Nomina! catches published by FAQ (1980a), -~

(1) Doubtful catchss ; re-estimation is needed,

OTHER TUNAS AND TUNA-LIKE FISHES
In view of the absence of commercial tuna fisheries on

& substantiaf scale in the Indian Ocean, information
of the catch statistics of species such as little tunny,

frigate and bullet tunas, bonito and longtail tuna are

inadequate. The landing figures of these species pub-.
lished earlier are largely based on the catches of soms -

of these species by the coastal states in the Indian
Ocean. The total annual production of E. affinis
during the period 1970-1979 fluctuated between 9,690
and 26,420 MT (Fig. 99 5). However, the total pro-
duciion of this species in 1979 was esiimated to be
around 14,000 MT which is an underestimation.

E.-affinis .occurs in varying quantities in the inshore -

fishery of Madagascar, Somalia, PDR Yemen, Pakistan,

India, Maldives and Sri Lanka. FAO (1976) and

TOFC (1977a) have concluded that the catches of little
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tunny and longtail tuna could not be increased to a -
higher level. The changing pattern of the fishery in
many of the Indian Ocean rim countries and oceanic
islands in the Indian Ocoan may help in increasing the
productlon of thls species.

The total annual catches of bullet and frigate tunas
have periodically been reported by FAO (1980 a).
“Their production was relatively high during the 1973.74
period (6,200 and 5,900 MT respectively) and in recent
years the total production of these species is around

1,900 MT. It has been reported earlier that Auxiy
was probably the most numerically abundasit tonsdike
fish from the Oceans and the potential of * small tunss *®
in the Hidizn Ocean has been estimated as saything
between - 100-200,000° MT (Table- 11) (IOFC, 1977).
The state of production and utilisation: of these species,
along with- other small tunas have also been discusséd
earlier (FAO, 1976). A substantial . increase in the
production of these species could be dxpectod by
mcmasmg the oﬁ‘oﬂ in the coastal ﬁsheneo ' ‘

Tmmmmmmenaanwhm:msﬁ& :

Recent trends in the tuns fisheries in Indin has beed
documented~ byﬁ:hwetd in 1979, Tuna is oné of
the least exploited resouree of Indian sess accounting
for hardly 1.92% of the total marine fish catch in India
at the 1979 level, Tuns resources of the EEZ of
India-have-been exploited by the longlinera of Japan,
Taiwan and the Republic of Korea. It was obsorvod
that betweon 1975 and 1977 there has been & major
input by Taiwanese effort in this fishery and about
2,000 MT .of major species of tunas have been taken

.. i from the BEZ of India in 1977. The average longline

 catch for the period 1972-1977 indicate that the major
species (aken from this arez are yellowfin (42%), bigeyo
(23.8 %) and striped marlin (18.79;) (Fig. 113). Explon-
tation of tifia resources has received high pnmm
the programme and plan for fishery development in
many countries, and in India there is a growing interest
for tapping this resource as a measure of dlvermf)ung

ﬁahms eﬂ'cn:t

Resources o
The common species of tunas and blllﬁahes occnmng

mtheludxmmsarc.

Euthynnys affinis (Little tunny)
Auxis thazard (Frigate tunza)

A, rochel (Bullet tuna)

" Surda orientalis (Bonito)

~ Thunnus tonggol (Longtail tuna)
7. albacares . (Yellowhia tuns)

19,
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T. obesus

(Bigeye tuna)
Katsuwonus pelamis (Skipjack)
Tetrapturus audax (Striped marlin)

“Istiophorus platypterus (Sailfish)
Makaira indica (Black marlin)

Of these species E. affinis constitutes more than 607
of the catch of tunas in the mainland of India followed
by A. thazard and A. rochei. In the Lakshadweep
islands, the skipjack tuna (K. pelamis) forms the major
catch.

"The tuns fishery by the countries bordenng the Indian
‘Ocean shows that this is a much under-exploited
resource.. Reports published by FAO indicates that
the present day exploitation of the resources of shelf
oriented species amount to about 49,000 MT (1979).
There is an increasing demand for tunas for con-
sumption in the internal markets. Estimates have
shown that E. offinis, 4. thazard, K. pelamis and
T. tonggol are under-exploited and there is good
possibility of increasing production manyfold (Silas
et al,, 1976),

Crafts and Gears

Common crafts and gears used at present for tung
ﬁsh.lng at various contres are as follows ;

Trend in All-India Tuna Ca?ch

The All India tuna landings as estimated by the
Central Marine Fisheries Research Institute showed

a progressive trend from 3,015 tonnes in 1970 to 19,322
tonnes in 1976 and a sllght decline during 1972 and

1978. In 1979, the tota! tuna landings had increased
-and recorded an all time high catch of 26,595 tonnes.

Average tung catch for the period 1970-1979 was
11,542 tonnes. The percentage comtribution of tuna
landings in the All-India marine fish production ranged
from 0.3 (1970) to 1.92 (1979).

State-wise Tuna Caitch

The state-wise distribution of tuna catch as well as
the All-India catch for the period 1970 to 1979 are given
in Fig. 102. Tt would be seen that during this ten year-
period, Kerala State alone accounted for 5539 of the
total tuna catch in the country, Tamil Nadu accounted
for 14.8%. In other maritime states the catches were
not significant. In Lakshadweep and Andaman and
Nicobar Islands the tuna catches formed 11.49, and
0.2% respectively of the country’s total tuna production
during 1970-1979,

Centre

Craft(s)

Gear(s)

. Ratnagiri and Malvan

Small mechanised boats ; Country crafis
with OB engine. .

Goa Small mechanised boats (14.5m. and
9.0-5.5 m) and dugont canoes
Mangalore 145 m mechanised boats (common)
9.7 m mechanised boats and Dugout
: canoes
Calicut Dugout ¢anoes
- Cochin ® 145 m mechanised boats {common)
' Mechanised pablo type boats, OAL
i 9.3-9,7 m with 16-38 HP engine
Minicoy Special type machanised boafs ; 7.93 and
9.14 m OAL, 1040 h.b. with bait tank
{(1.6x03x0.8m); Non-mechanised
_ boats 12.5 m. leugth
" Neendakara Mechanised pablo type boats, OAL
£.3.9.7 m.
Vizhinjam Dugout canoes and catamarans
Tuticorin * Tuticorin * type boats, non-mechanised,

6m

Drift gill nets (Naijal, Vagrual) which has
three different mesh size, 115, 90 and
130 mm,

Purse seines (600 x 55 m); Dwillt gill
nets, mesh size 115-1 3 mm. :

Purse seines (400-600 x 40-60 m) ; Drift

. gill nets, mesh size 110130 mm.

Drift gill nets, mesh size 110-130 mm.

Purgs seines {400-600 x 40-60 m) ; Duift .
gill nets 120 x 8 m; mesh size 105-
120 mm.

- Pole and line, 3-4 m 3540 mm. at the

butt and 20.35 mm. at the top ; pol:
kne rape; barbless hook with
coating. _

Drift gill ncts; mesh size 105-120 mm.
Drift gill nets, Hooks and lines ; Shore
seines

Drift gill nets, mesh size 140 mm;
Hooks and lines ; Surface trolling.

¥ From 1980 onwards.

130°
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ANNUAL LANDINGS (ALL INDIA) OF TUNAS
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Fig. 102, Annual All-India and- state-wise landings of tunas during 1970.79.
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Tuna Landings at Selected Centres

The Central Marine Fisheries Research Institute
furnishes the production figures of various species of
- marine fishes based on a multi-stage stratified random
sampling technique after classifying important groups
of fishes. For detailed biological investigations and
collecting other parameters, the Institute has selected
certain important centres for tuna investigations which
would assist in monitoring the resources. The tuna
landings at the different centres are given in Fig. 103
and discussed below :

Cochin

Prior to 1977 tuna caiches at Cochin were insigni-
ficant with occasional catches in the experimental
operations of purse seine conducied by the IFP und in
the crtisanal fishery using hook and line and shore
seine. The pablo type boats of 9.7 m QAL started
operations with nylon drift gillnets in 1977 bringing
goad catches of tunas at the Fort Cochin. The Cochin
Fishing Harbour was commissioned early in 1978 and
in 1979 about 165 gill netters were registered. Drift
gill nets of 10-15 cm. mesh size are now operated in
the depth zone 35-40 m off Cochin.

The effort ¢xpended by these boats in 1978 and 1979
in presented in Fig. 103, The tuna caiches propor-
tionately increased or decreased with the fluctuations
in effort. Month-wise catches during 1978 show a
progressive trend from January with peak periods
during May-July prior to the intensification of monsoon.
For coasial tunas the immediate post-monsoon months

- are less productive.

Among the species of tunas landed by drift gillnets,

- E. affinis formed over 707, and A. thazard, A. rochei,

T. tonggol and S. orientalis formed the rest of the catches
in the order of abundance. '

The estimated total landings of tunas in 1979 were
1,235tonnes. 'The landings were 12.8 tonnes in January
which leaped to 411 tonnes in May and registered a
fall during June (91.9 tonnes). A secondary peak in
the landings was noted in July (383.2 tonnes), and in
the subsequent months the catches were relatively low,

Calicut

In 1978 the total tuna catch was estimated at 69.5
tonnes as compared to 91.5 tonnes in 1977. Drift gill
net was the main gear operated for tuna fishery and

fishing was carried out in the depth zone 25-55 m.

989, of the caich comprised of E. afrinis. T. albacares
occurred only during November. (1.7 tonnes) and
species such as A. thazard and T. tonggol occurred in
very small quantities. During January to Decembrs
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(1979), 63.1 tonnes of E. affinis was landed with the
best catch during January (11.6 tonnes).

Vizhinjam

Total catch of tunas landed at Vizhinjam during
1978 was estimated at 397.3 tonnes which showed &
decrease of 4.5% from the landings during 1977 (416.0
tonnes). Of the iotal catch, 82.3%; was landed by drift
gill nets, 17.6%; by hooks and lines and 0.19; by boat
seines. Peak peried of tuna landing was observed to
b» June. Species-wise, E. affinisand 4. thazard contri-
buted 73 % and 24 % respectively of the total catch and
the rest were composed of stray catches of . orientalis,
T. albacares and K. pelamis.

During 1979 total catch of tunas was estimated at
335.8 tonnes which showed a decrease of 15.59 from
the landings during 1978. Of the total catch 75.39,
was landed by drift gillnet, 24.5% by hooks and lines
and the rest by shore seines. Peak landing of tunas
was observed during October (122.1 tonnes), when
maximum CPUE was realised.

Species-wise E. affinis, S. orientalis and A. thazard
contributed 53.4%, 28.4% and 15.4% respectively.
A, rochei and T. albacures together formed 2.3 %of the
total catch. .

Tuticorin

At Toticorin tuna landings were observed at five
centres viz., Vaipar, Tuticorin, Punnakayal, Kayal-
patnam and Vesrapandiapatnam. At all these centres
drift gill nets mainly accounted for tuna catches. Except
at Veerapandiapatnam, hooks and lines were also.
operated. During 1978 the total catch of tunas from
all the centres progressed from 0.65 tonnes in January
to 164.9 tonnes in July, and during August 105.4 tonnes
of tunas were landed. Thereafier the catches declined
steadily. _
" ‘During 1979, total catch of tunas landed was estimated
at 370.1 tonnes with maximum catch during July (48.1
tonnes). The tuna catches increased from 1.4 tonnes in
January to 178,2 tonnes in July and during the rest of'
the year tuna landings showed a declining trend. The
period during June to Sepiember has been observed to
be the most productive period for tuna fishery.

Species-wise E. affinis and A. thazard were the main
componenis in the landings during 1979 forming about
59.7° and 26.3 % of the toial caich respeciively. There
is a definite change in the pattern of fishing in this area
when compared to the catches that used to land from
multiple surface trolling during the early sixiies (Silas,
1967).
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Futare Prospects

Resource information collected .during the past
clearly indicate the availability of coastal and oceanic
species of tunas and allied fistes in the EEZ of India
and contiguous seas. A resource survey is talked of

in some quarters as a pre-requisite for considering ~

whether it would be feasible to venture into tuna fishery.
The long range migratory habit of the oceanic species

and the fact that the commercial operations are alregdy .
ir vogue and considerable amount of data of indicative ..
nature on the occurrence and abundance of the different .

species are available, shoild weigh in favour of a

positive decision for an immediate entry into tuna
fishery in our EEZ and continguous high seas and not *

wait indefinitely for feasibility reports and resources
surveys. This does not preclude the need for obteining
foreign expertise for specific areas, particularly with a

view of training our personnel in purse seining, long- - -

lining and the specialised aspects of post-harvesi tech-
nology and so on. The chartering/joint venture. .
grrangements that may be entered into should also
facilitate the above. Further, the proximity to rela-
tively untapped fishing grounds for tunas of the high

seas and the abundant semi-skilled and unskilled labour . .

supply at a low wage level goupled with the oxisting . .
_ constraint limits and additional requirements.

gystem of processing cost are in:our favour.

The present status of production of tunas and alhed _.

fishes has been dealt with earlier in this section.

I-Iowever, based on the average yneld of these ‘ﬁaheS'_ :

i

(197H .computod the potential explmtable ywld of tunas
and allied fishes from different regions around the
maintand and oceanic 1slands within the EEZ of India
as follom

Projected exploi-

- table potential By
- . yield of tunas and (Unit : tons)
Regions atlied fishes from . -
o the 0-200-M area -
(Unit : tons) _ .
NW Coast 10,000 2,214
{Gujarat and Mahacashtra)- : .
SW Coast 60,000 17,850 h
(Goa, Karnataka and Kerala) ' o
Lower east coast 10,000 3,649
(Tamil Nadu and
Andhra Pradesh)
Uppet east coast 10,000 S} |
{Orissa and West Bengal)
Lakshadwe=p 50,000 - 2,749
Andaman and Nicobars 100,000 57
Total 240,000 26,595

* Source : Mar. Fish. Infor. Serv., T & E Ser., No. 22, 1980,

134

Production in:

However, we feel that the artisanal fishery as is
~ developing today using drifi gillnets and pole and line
fishery using live-bait will need further encouragement
. .combined with an activc programme of posi-harvest

~ technology and marketing of tuna products within the
country and for exporis.

" A major thrust should be
the development of purse seining for the surface swim-
ming species such as skipjack and for tuna longlining

-espocially deep longlining for tunas and bill fishes from

our"EEZ and contiguous high seas. The prime step in
the development of high seas tuna fishery by India
would be to utilise the technological capacity of the

- vessels equipment and expertise (vide Chapter IX of

. this bulletin) of the developed nations through joint
venture/chartering arrangement.

The cardmal requirement in the phasing of the tuna

* fishery and industry is the need to maintain and improve
‘production targets. The value of tunas and dllied fishes
- “produced commercially in India in recent yaars is about

- 90 million Rupees.

Weo suggest that by .1990, the
productlon tempo of the tuna fishery development
. programme should achieve the following commercial
prqductlontarget (p.135) in terms of quantity and value ;

To_achigve these objectives, let us examine present

I (i) Except in the Lakshadweep there'_:i_s_:no orga-
nised fishery for tunas in vogue in our country.

(ii) It is currently limited exclusively to the-small
scale sectof; where we envisage - prodiction
could be more than doubled with improvement
in the techniques as well as with mcreased
offort,

(iii) Even for the present production, a proper

internal marketing system has not been deve-
- loped nor have we done any major improve-
i ments m the post-harvest technology

Little has been done about exploring the possi-
bility of export product potential for coastal
i tunas most of which may come under the * red
- meat’ category.

{v) We are fighting shy of adoptmg capltal inten-
sive fishing operations such as purse seining
and longlining. Foreign expertise in the fishery

~ technology of both these types of operations
are needed.

(vi) We even lack expertise on fishing fleet manage-
. ment which is vital for any successful distant
water operation.
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Present lavel of Proposed commercial
commercial production production target
(Average for by 1990
Groups of fishes Areas of Fishery 1978 and 1979)
Quantity Vaiuz Quantity Valust
(Tons) (Million Rs.) {Tons) {Million Rs)
Coastal species of tunas & Small scale fishery sector 20,240 91.08 45,000 202 s :
skipjack (Drift gillnets, Pole and line
and others)
Young yellowfin & skipjack Surface fishing (Purse seining) 50,000 + 4500+
Large oceanic tunas and Sub-surface fishing (Ordinary & o
billiishes deep longlining) 20,000 - 27004
Total 20,240 . . 91.08 115,000 - - 9225401
L : : . . 92 crores

1 As per cusrent prices

(vii) The industry is apparently not fully seized of

the problems and advantages of venturing into
tuna . fishery: Perhaps our own organisations
whick have to promote exports could have
played a more effective role by making available
information known on matiers such as type of
vessels available for chartering, ecomomics of
‘operation of different categories - of fishing
vessels,” and - export - possibilities of any addi-
tional yield of tunas through foreign collabo-

- ration ventures and so on. This ‘we consider
a lapse, since commercial tuna fishing is in
. vogue and it is not a question of entery into
& hundred percent unknown area. Now it is
left to the enterpreneur to scek these mforma-
tion from foreign sources

(viii) A4 major share has to come from the charter.

- arrangements that -may be concluded by the
Government of India shortly. Needless to says

~ in licencing, attention will have to be given to
the type of fishing operations, viz.,, purse

_ seining, long living and as on from within an
. EEZ and cont.lnuous high seas, .

IT () From these it would be evident that immediate

attention should be paid for the development
- of small scale sector which would substantiatly
increase production- through improvement of
“craft and gear and-through lmiarovements m
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(i)

internal marketing as well as exports. A miore
intensive programme will be necessary in the
shelf watm along the south' east and sowmh
west ocoasts in India and the Wadge Bank.
Fish aggregators of which mention has' already
“been made should be tried out not only 'in the
‘Lakshadweep and Andaman-Nicobar waters

" but ‘also in the deeper neritic waters along the
mainland.

Today we do -not have a category of skilled
personnel whom we can call as fishing maaters.
There is an urgent need to develop this category
of personnel who could be responsible for the
fishing operations and manage the onboard
storage-cum-processing operations. This will in
no way lessen the responsibilities of skipper/

. captain and in some counmes both are equated

on par.

(i) A crash training prbgramme for personnel on

(iv)

the operational side for the operation of Ixrge’

- pumsmnesaswellasdoeplo'nghncmﬂbc

NECESSATY.

Immediate offort should be made to dovelop
the operational -facility for surface tung fishing
and concentrate efforts in aress such ds the

. Andaman Sea which has a high- potentlal for
surfrce species.
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VI

BAIT FISHES -

Major baitfishes utilised in the tuna fishery can
broadly be classified into two types viz.,, the

live-bait used for chumming tunas in the pole and
line fishery and the other preserved or artificial baits
or lures used in the surface troll line and longline
fishery. Trials have been made by the Southwest
Fisheries Centre, Hawaii, on ariificial baits of various
colours to study the behaviour of tunas in the pole
and line fishery. Up to now this method is not being
adopted due to the unsatisfactory results. The signi-
ficance of baitfishes as limiting factor in the successful
production of tunas by pole and line bait-fishing method
is generally understood. Further, one of the significant
factors contributing to the tuna longline operation is
the bait. In the present chapter, different aspects of
live-bait fishery and the iransportation of the live-baits
practised by the traditional smail scale pole and line
fishery is presenied and the wiility of different species
as bait in the tuna longline fishery is discussed, with
pariicular reference to the Indian Ocean,

Live-bait for Pole and Line Fishery

Recenily, the live-bait fishing iechniques in different
parts of the world has been compiled, various methods
of handling and. transporiation of the same documented
and the problems involved in the capture and culture
of bait-fishes discussed (Shomura, 1977 ; Ben-Yami,
1980). In the Indian Ocean, distant water commercial
pole and line fishing method is not employed at present
and the small scale fisheries in the tropical waters are
chiefly of shorter -duration. Further, large scale
fishing industry for live-bait is non-existent in this ares,
chiefly dug to the small scale nature of the tuna live-
bait fishery and in most cases live-baits are collocted
by the tuna fishing vessels either prior to tho fishing
trip or during the previous day. .

Jones (1960 a; 1960 b ; 1964 a, 1964 5) listed and
discussed about the species of Hve-baits uscd in the
Minicoy pole and line fishery for tunas (Table 12).
Thomas (1964 @) observed the scasonal fluctuation in
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abundance of major bait-fish species at Minicoy during

- the fishing season of December, 1960 to April, 1961

and according 1o him the following species were present
in the bait-fish catches in the order of abundance :

Lepidozygus tapeinosoma, Archamia lineolatus,
Caesio caerulareus, Dipterygonotus leucogrammicus,
Apogon spp., Apogon sangiensis, Caesio tile, Chromis
caeruleus, Caesio chrysozona, Spratelloides delicatulus
and §. japonicus,

Jones (1964 0) also presented the distribution and

availability of the live-bait fishes around Minicoy and
other islands in the Lakshadweep Archipelago.

Recenily, Ben-Yami (1980) presented a guide to
bait-fishes for pole and line fishery from different
geographfcal-locations in the world oceans, He classi-
fied the baii-fish species disiributed in the area 0°-30°N
and 60°-50°E in the Indian Ocean according o their
survival capacity and chumming quality as follows :

Survival Chumming
Speciea capacity guelity

Apagon semilineatus .. bl o
Archamia lineolata - o ++
Allanetta forskali . Lid +
Paranesus deodectmalis . e +4+
P. pingeeis e e —
Caeslo eoernlareus N ++++
Chanos chanos o b +++
Tilapia mozambica . bl +++
Sardinella sirm e Rl +++
Elops machnotg . — ++
Engrauiis japonicus . b +++4
Stolephorus bataviensis . — ++++
S, buvcaneerl s . + 4+
5. Indicus - * 4
Mugilidae 5 op WA —
Mullidae _ _ -, b 4+ or +++
Chromis caeurlens .- Lac -

* poor; ** satisfactory; *** good **** gxcelient

+ poor; ++ satisfactory ; +++ good; + 4+ + excelleat,
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TABLE 13, List of bait fishes reported from the waters
around Minicoy and Lakshadweep Islonds *

Albida vlpes (Linnaeus)
Spratelloides delicatulus (Bennett)
8. Japonicus (Houttuyn}
Sordinella melanura (Cuvier)
Panchax panchax (Hamilton-Buchanan)
Sphyraena obtusata (C. and V.)
Crentinugil crentlabiy (Forskal)
ValamugH seheli (Forskal)
Aflguata forskeli (Ruppel)
Promesus duodectmalis (C. and V.)
Polynemus sexfills (C.and V)
Kublla taeniurus (C. and V.)
Anthia cichlops (Bleeker)
Archamia burtiensis {Bleeker)
oA Bineolatus (C, & V)

"Apogon frematus Valenciennes
Apogon endekataenia Bleeker
A. bandanensis Bleeker
A. sanglensis Bleeker :
A. goodvifasciatus (C. & V.)}
Trackinotus bailloni (Lacépiéde)
Lutlamux kasmiva (Forskal)
Dipterygonotus lewcogrammicus Bleeker
Caesio corulmirens Lacépéde
C. chrosozona C. & V.
C. erythrogaster C. & V.,
CtileC.&V.
Mulloidichthys auriffamma (Forskel)
Parupencus barberinus (Lacbpide)
P. bifasciotus (Lacépdde)
P. macronema (Lacépéde)
THapla mossambica (Peters)
Abudefduf blocellatus (Quoy and Gaimardi)
Chromis caeruleus (C. &. V.)
C. dimidiatus (Klunzinger)
C. ternatensis (Blecker)
Dascyllus aruanis (Linnaeus)
Lepidozygus tapeinosoma (Blesker)
Pomacemirus tripunctatus (C. & V.)
Chelinius trifobatus Lacépéde
Fisstlabrus dimidiatus (C. & V.)
Stethojulls albovitata (Bonnaterre)
§. axitlarts (Quoy and Gaimardi)
S. trilineatus (Bloch and Schneider)
Thalassoma hardwicki (Bennett)

1 Soprce ;. Jones (19644q).

Fishing Techniques

Large scale bait-fish fishing by surrounding pets such

asthelamparanet a9 used by the U.S. tung clippers
is not practised in the Indian Ocean Area. However,
small boat lift nets or drive-in nets are employed in
thopoloandlmcﬁsheryattholakshadweepm
andSnLanka

1.0 m is also used to store live-baiis.

- The mcumguhr bait-fish net used at. Minicoy in the
Lakshadweep is of 4.5x5.5 m, with 6 mm and 8 mm
atretched mesh netting at the centre and at the border
respectively. A cotton cord of 3 mm. diameter is passed
through the net and attached to the sslvedge mesh.
Poles of 6-8 m are also used in this fishery. Baitfishes
are collected in the early morning or on the previous
day evening. After locating the school of bait-fishes,
3-4 members of the crew each holding a pole vertically
lowers the net from one side of the boat. The fish
meatpastelsrubbedonacoupaddmgandlamde
to spread over the water column betweeti the net and
the surface. When sufficient number of baitfishes ‘are
accumulated over the bait net, it is lifted with the help
of poles and the fishes are transferréd to tie Jive-bait
tank. In the Maldives, a fine moshed 7 x7 mnet id
used and the fishing practice is similar to-the one
foliowed in the Lakshadweep Islands. In Sri Lanka,
& lift net of about ‘1012 m size and with 60. mm
mesh netiing (hemp) is used in the bait fishing: - This
net is also provided with a smail meshed net over the
heavier neiting at the cenire in order to protect the
same from the rocky bottom. Usuglly two vessels are
employed in the baitfishing operation which is carried
out during the morning. During fishing, the net is
spread over the bottom, and afier sufficient baitfishes
are concentrated over the net, it is quickly. hauled up
by ropes attached tothe corners. -

Drive-in method of fishing is also practised in the
shallow waters in the Lakshadweep Sea. One end of
the net is held in position and the other end is held
upwards with two poles. - The * scare line °, with palm
leaves aitached all along the lengih is used to drive
the fish into the net. The trapped fishes are transferred
10 a floating tank or basket of bamboo which is towed
to the fishing boat and later transferred to the pole
znd lino fishing boat.

Floating Recelvers

In countries such as Japan, where specialised live-bait
tuna fishery exists, the baits are maintained in floating
cages or pens till they are needed in tuna fishing. In
the Indian Ocean Area where localised small-soglo pole
and line fishery for tunas exists, no such practice is in
vogee. In the Lakshadweep and Minicoy, the bait-
fishes collected are kept in floating receivers or cages
for itansportation to the fishing vessels, Inthe Laksha-
dweep, an aluminium floating tank of size 1.8x 1.0x
The sides of the
tank are perforated for water exchange and floation is
maintained by wooden poles atiached to the sides. In
Sei Lanka, square floaiing live-bait cage is also used in
addition to the floating baskets, Baskets are of loosely
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wdven cane. They are kept §th submerged in water,
During fishing operation, these baskeis are towed to
the tuna fishing grounds and are used as . lwe-balt
tanks.

Transportation

The Indw.n Ocean is the only one area where the
fishermen use the bilges of the boats, usually divided
into compartments, for carrying bait to the tuna fishing
grounds (Ben Yami, 1980). The complex tank system
with well designed tank on the deck or below the deck
are not employed to transport baitfishes in the small
scale pole and line tuna fishing in this area.

In Sri Lanka, the 8.5 m mechanised boats carry the
live-bait in towed baskeis. At Minicay and Laksha-
- dweep in the non-mechanised boats (9.75—12.2 m),
the bilge in the middle of the boat is divided into
compartments (4 or 5) to hold live-baits, The dividing
walls of the compartments are perforated. Water
circulation is maintained in such a way that when the
vessel moves, water enters the middle compartment
through the holes in the bottom of the hull, and then
reaches the adiacent compartments, from where it is
bailed out. Baits are kept in the middle compartment.
In the mechanised boats (7.9—9.15 m) of this. area,
a water tight live-bait tank of size 1.6 x0.8x0.8 m is
fitted at the forward area of the engine reom (PL V).
During tung fishing operation, the live-bait is taken
out of the tank by a bait scoop.

Suggested lines for future improvement and different
economic factors connected with the fishery for live-
baits are dealt with elsewhere in this bulletin.

Bait for Tund Longline

It is generally agreed that many speciet of fishes
could be used as bait in the longline operation without
a great loss of catch. The principal baits used in the
longline fishery are saury (Cololabis saira) (P1. IV) and
squids (Lolige spp.). Fresh or frozen sardine (Sdrdi-
nopsis melanostricte) is also commonly used as bait
fish. Mackerel (Scomber sp., Rastrelliger sp.) and
Mackerel acad (Decapterus sp.) have also been used as
alternate baits. In recent years, the silver carp (Hypoph-
thalmichthys molitrix) as well as artificial preparations
such as those infused with extracts of saury have also
been experimented as longline bait. It has been
observed earlier that Sardinella spp. has a tendency to
drop off the hooks faster than other baits and hence
it is considered as a supplementary bait to makerel,
squids and flying fish (Sivasubramaniam, 1975).

Bait preference of tunas have been studied earlier,
but no decisive conclusion could be derived at because
of the highly variable nature of the longline catch rates
which masks the effect of the variety of the baits used.
However, an analysis of the catch rate of different
species of major tunas by the commercial longline
operations by Japan using different baits such as saury,
squid and other baitfish in the Indian QOcean during
1971-1976 indicate that the southern bluefin tuna and
albacore were caught in appreciable mumbers when
squid was used as bait. Yellowfin and bigeye tuna
catches were relatively high in the operations where
saury was employed as the bait (Table 13). However,
no conclusion could be drawn on the bait preference

TasLe 13. Cateh of different spzcies éff tunas by the Japanese longline fishery using different balts

Sety Hooks Southern Albacore Bigeye Yellowfin
x00- " x000 biuefin .
Saury . Tt 92 202?3 32 63 105 199
72 59 13196 4 26 : 84 127
73 74 14740 22 45 8! 107
14 169 35417 3% 115 150 148
75 212 42324 67 55 185 213
76 89 © 19468 75 50 53 18
Squid . . 71 245 51999 325 111 96 62 -
12 “21 44812 368 62 21 35
73 343 - 60696 403 97 28 22
4 230 47213 354 63 1 3
75 237 47120 244 22 10 T 47
76 246 © 56960 357 46 8 17
Other baits and e T 19 3658 0 - 19 47
- livebaits - . 72 14 2900 | 2 ‘26 kx
' ’ ' : 73 8 1335 0 1 .14 .23
74 6 802 0 2 6 13
15 1 1791 1 2 10 ’ 17
76 10 1763 3 2 13 0

1 Sowrce : Anon (1965-1981)
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of theso species based on the results of the operatlon._

o’f the commercial vessels.

" At .present an indigenous longhnc ﬁshery s Iackmg
in the Indiad Ocean excepi for the commercial longline

operations which are being conducted by the vessels of
Japen, South Korea and Taiwan. The esiablishment of

this-fishery by the Indian Ocean rim countries necessi-

tates smooth supply of bait fishes. Sivasubramaniam
(1975) examined the availability of sardines (Sardinella
Jussteu, 8. sirm, S. longiceps, S. gibbosa), Dussumeria
8p., Decapterus sp., Rastrelliger sp., Hirundichthys

coramandalensis and . Loligo sp., and observed that -

sufficient quaniities of baitfishes are available or can
be obtained from the coastal waters of . the.Indian.
Océdn. : The average levels of production of different
species of fishes thai can be unhseda.slonglme bait

dunng 1976-79 are 23 follows :
: 19761979
1976-1979 average - average
for L.O™ . Production by

: ' India **
M.T. . . tonnes
Mackerels 87,457 © - 71,095
Sardines 356,555 - . 232,089
Cephalopods 29,713 12,948
Flying fish 1,144 (N 1,577

* FAO Catch statistics from the Indian Ocean (1976-1979)
## Catch statistics of marine fish landings, India, 197679
(CMFR Institue)

Culture of Bait-fishes

Baitfish is the most importaat critical factor in spelling
the success or failure of the pole and line fishery for
surface tunas. Inad>juacy of baitfishes has resulied
in the winding up of pole and line fishing operations
using 4 large Japanese fishing vessels in the Republic
of Seychelles recently. Problems facing the culture of
baitfishes are complex and recenily much sitention has
been paid to analyse the constraints and to evolve
suitable measures for culturing baitfishes.

Gopalzkrishnan (1976) discussed the status and
problems of culture of baitfishes for tkipjack fishery
in the Pacific region. He reviewed the investigations
carried out on the culture of potential live-bait species
viz., tilapia, threadfin shad, mollies, sardine and other
clupeids, anchovy, milkfish, mullets, cyprinids and
bass and atressed the noed for extended studies on the
culture of potential live-bait species. Shomura (1977)
presented a summary of the baitfish species cultured
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for tuna fishing in the Pacific Ocean. According to -
him, the major roquirements for potential culture species
include high reproduction potentisl, capacity to spawn
in captivity, wide tolerance to salinity; ability to obtain
food low in the food chain and body lacking in spiny
structuies. Principel characteristics of species such as
threadfin  shad, tilapia, mollies, golden ghiner and
cardinal fish that have either been cultured’ or evince
cultumpotonualhavealaobeenwmmmndbyhlm
Baidwin (1977 q) also reviewed the use of live-baits in
the skipjack tuna fishery in the tiopical Pacific with
reference to their body longth, body form, colourstion,
schooling behavior, survival and availability, Ho
evaluated the biological data of the baitfishes belonging
tomfamhubmedmtheabmhmandhmdtho
geographical location of the baitfish species in the
Pacific and non-Pacific localities. L

The’ smtablhty of cultured topminnow, Poecila vitiatg
as a live-bait fish for skipjack tuna in the. Tropical -
Pacific has beon discussed by Baldwin (1977 5). He
stated that the utility of these fishes as baitfishes for -
new or expanding tuna pole and line fishery appoars'
quite feasible. Recently, Baldwin (peisonal communi-
caiton to E. G. Silas) opined that self-contained -
production system for vopminnows (Poecily vittaia and
P. mexicans) using high- density culture techniques hasg .
been evolved. According to him, P, vitiata is a highly
suitable live-bait fish for skipjack tuns fishery and the
breeding and roaring of the topminnow and the
sconomics of production for commercial use have been
worked out. Further, Herrick (1977) has indicated
potential wse of Poeclla vittata to be promising and
economically fegsible,

Kearney and Gillett (1980) and Gillet and Kearney
(1980) reported on the skipjack surveys conducted .in
connection with tagging programme at Pitcarin Island
and French Polynesiz and according to them Chanos
chanos was an excellent bait fish with respect to both
survival in bait tanks and aitraction to tunas. At
Pitcarin Island, 75 kg of bait (Chanos chanos) produced
a survey catch of 3,361 kg of tuna, a ratio of 45:1.
This ratioc has been found to be more favourable in
commercial operations. Recently, Kearney and Rivkin
(1981) examined the feasibility of baitfish culture for
skipjack pole and line fishing in the south Pacific
Commission Area based on the results of baii-culture
projects in the westorn Samoz and Kirbati. They
compared the use and culturing aspects of mollies and
milkfish and according to them sea trials indicated
milkfish are attractive to skipjrck while mollies are
acceptable when mixed with milkfish or wild bait. At
the World Conference on "Aquaculture (European
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Mariculture Socieiy and World Mariculture Socicty)
held in Venice, Italy during 21-25 September, 1981,
different aspects of the culiure of tilapia and milkfish
have been discussed. The trials carried out in Japan
with Tilapia zilli, especially in the South Pacific Area
in the fshery for skipjack has shown that this species
has good chumming qualities (Dr. T. Oyama, Fresh-
water Figheries Research Sub-Station, Kagoshima,
Japan, personal communication to E. G. Silas). This
is a species which could also be cultured in the
Lakshadweep Islands where there is a chronic shortage
of good baitfish,

"The use of anchovies as a bait has yet to be proven
in our waters. Experiments on three species of
anchovies viz., Stolephorus bataviensis, S. buccaneeri
and S. heterolobus carried out at the Central Marine
Fisheries Research Insiitute indicated that S. hetero-
lobus and §. buccaneert could be used as live-bait due to
their relative hardiness compared to the other species.
However, the chumming quality of these species have
not yet been tried outi in this area. Ben-Yami (1980)
have indicated that the chumming quality of Stelephorus
bataviensis, S. buccanceri, S. devisi, §. heterolobus and
S. purpureus are very good.

It has been observed that in spite of the suitability
of mackerels, sardines, flying fishes and squids as ideal
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bait in the longling fishery, their availability and abun-
dance show spatial and temporal fluctuations. In this
connection, it is necessary to identify suitable species
which could be obtained for most part of the year or
which could be cultured economically, The milkfish
(Chanos chanos) with its brilliant silvery appearance
and with fast growth rate can be utilised as an ideal
tuna longline bait. Recently, Silas ez o/, (1982) studied
the spawning grounds of the milk fish and the seasonal
abundance of the fry of this species along the east and
south-west coasts of India and according to them the
milk fish is a compatable, herbivorous, fast growing
tropical euryhaline fish which can be cultured in a
more economically viable manner in coastal saline
and brackish water systems, either as monocculture
or polyculture with other fishes and shell fishes. The
culture experimenis conducted during this study on
their growth rate indicate that ai a stocking density
of 5,000 nos/ha, the fingerling of about 47 mm in toial
length and 1.2 g in weight will attain a size of 200 mm
in total length and about 74 g in weight over a period
of 72 days without supplementary feeding. The growth
can still be accelerated by supplementary feeding. Theo
economic feasibility of using milkfish as tuna longline
bait (gize ; 200-250 mm ; 80-190 g) is evident from the
fact that the price per Kg (12-13 Nos) of this fish ia
about Rs, Sto Rs. 6,
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VII

BY-CATCH

Information on the by-catch in the tuna fishery
employing various gears is & pre-requisite in order io
assess the operational efficiency and economy of these
gears. Except for a fow published works, very litile
information is available on these lines from the Indian
Ocgan. A brief review of the available information
on tung by-catch is presenied below largely based on
the results of studies conducted recently.

Tuna longline operations aimed at tunas and billfishes
usually take a large number of other pelagic fishes
which play only & lesszr role in the economy of the
oparation of the longline fishery. Major by-catches in
the tuna longling fishery in the Indian Ocean include
soveral species of pelagic sharks (Families Alopidae,
Larmnidae, Carcharinidae), dolphin fish (Coryphaena
hippurus, C. equalis), wahoo (Acanthocybium solandri),
baraccuda (Sphyraena baraccuda), opah (Lampris regalis)
and lancet fishes (dlepisqurus ferox and A. brevirostris)
(Sivasubramaniam, 1964 ; Silas, 1967 ; Klawe, 1980 a).

A high conceniration of pelagic sharks have been
reported from the produciive iuna longline fishing
grounds in the Indian Ocean. The role of shese fishes
in the tuna longline operations in the Indian Qcean is
disoussed under the following two major heads :

(i) their conceniration in different tuna fishing
grounds, which reduce the fishing ability of
the baited hooks which are taken by sharks,
and

(i) the damage cause by ihese fishes especially
sharks o the hooked {unas and billfishes.

The following species of pelagic sharks are reported
to have been takon by ihe tuna longline fishery from
ths Indian Ocean (Sivasubramaniam, 1964 ; Silas,
1967 ; Pillai and Honma, 1977) :
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Carcharinus longimdnus  {White tip shark)

" C. brachyurus (Silky shark)
C. albimarginatus (Silver gip shark)
C. melanoptera (Black tip reef shark)
Prionace glauca (Blue shark)
Isurus glaucus (Makao shark)
Lamna ditropis (Saimon shark)
Alopias pelagicus (Thresher shark)
A. profundus (Bigeye thresher)
A. vulpinus (Thresher shark)
Galeocerdo sp. (Tiger shark)
Sphyrna zygaena (Hammerhead shark)

Mimura et al., (1963 a; 1963 b) Sivasubramaniam
(1963, 1964) and recently Pillai and Honma (1978)
reporied on the distribution and seasonal abundance
of pelagic sharks taken by the Japanese longline fishery
in the Ind'an Ocean. The hook-rate of shuarks and the
porceniags of tunas damaged by sharks were relaiively
high in ihe area north of 10°S especially west of 80°E
and around Banda and Flores Sea (Mimura e al.,
1963 @, Table IV). According to Sivasubramaniam
(1964) in the tuna fishing grounds in the Indian Ocean,
espeeially in the area morih of the equator the hook
rates of sharks were very high and their relative
donsity declined latitudinally southwards. Pillai and
Honma (1977) computed the seasonal paiiern of abun-
dance of the pelagic sharks (H.R. %) iaken by the
Japanese longline fishery in the Indian Qcean during
1972-1975 and concluded that the areas of high con-
centration occur (i) off the coasi of southern and eastern
Africa, (ii) western and eastern seciors of the Arabian
Sea, and (iii) off western Ausiralia. Seasonal paitern
of their abundance indicate that high hook-raies were
recorded from the coasi of South Africa during
November to July ; from the iropical waters off East
Africa from Ociober to April ; from the western and
eastern soctors of the Arabian Sea during Januvary to
July, and from the west coast of Australia almosi year
round (Fig. 104 a-/).
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Data on the by-catches (including pelagic sharks,
dorado, skipjack and others) by the Taiwanese fishery
indicate that the maximum catch of these fishes was
recorded in 1969 and in 1977 their total preduction
was around 1,656 MT (Fig. 105). In the present study,
the hook-rate of pelagic sharks taken by the Taiwanese
longline fisheryin the Indian Ocean during 1977and 1978

Total catch of sharks, dorodo, skipjack

48 and others
~40- E coten
& 0 —— Effort
o 32-
: 2
24> 60
5 : x,
[ = Y
3 e § 4o§
— S
8- = 20 &
= S
= w
O' | e 1 ¥ 1] 1 '0 Il:h
‘67 'é9 '71 'tz ‘75 ‘17

YEARS

Fig. 105. By-catches in the Taiwanese longline fishery in the
Indian Ocean, 1967-78 (From Yang, 1979).

has been analysed and the results presented in Fig. 106
a and b, Annual hook-rates of pelagic sharks were
relatively high in the area north of 15°S and between
40°.90°E and off western Australia.

Reports on the occurrence of pelagic sharks in the
exploratory longline fisheries conducted in the South-
cast Arabian Sea are also available which indicate that
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Fig. 106. @ and 5. Annual hook rate (%) of pelagic sharks
taken by the Taiwanese longlinefishery in the Indian Ocean, 1977
and 1978.

the pelagic sharks constitute more than 709 of the
total longline catch from this ares (Eapen, 1964 ; FAQ,
1967 ; Joseph, 1972). Varghese (1974) reported on
the shark resources in the Lakshadweep Sea and accord-
ing to him the exploratory longline fishery conducted
during 1971 showed a high potential with regard to
the sharks in this area. Average hook-rate has been

very high at 8.4% with an average weight of 57.0 kg.

Pelagic sharks were also taken abundantly from the
outer edge of the continental shelf waters off the eastern
Arabian Sca during the longline operations conducted
in 1964-1965, and their hook-rates ranged from 1.00—
3.52% with an average weight of 45 Kg.

Recently, we have analysed the composition of the
longline catch by M. V. PRASHIKSHANI (CIFNET)
from the South-east Arabian Sea and Lakshadweep
Sea, during March to May 1981 and observed that
the black-tip shark, white-tip shark, blue shark, thresher
shark and hammerhead shark constituted the pelagic
gharks taken by this gear. Sharks constituted 63.8%
by number and 57.8 9 by weight of the total catch and
their average weight has been observed to be around
30.0 kg. (Table 14).

The damage caused by sharks to the hooked tunas
in the Indian Ocean has previously been reported by
Mimura et al., (19634; 1963p) Sivasubramaniam
(1964) and Silas (1967). It has been reported that the
extent of damage to the hooked tunas are relatively
high when Carcharinus brachyurus and C. longimanus
are abundant. According to Sivasubramaniam (1964)
an average of 119 and a maximum of 45% of the
tuna catches in the Indian Ocean may be damaged by
the pelagic sharks. Mimura et al, (1963 o) studied

TUNA RESOURCES



TapLe 14, Tuna longline operations on board M|V PRASHIKSHANI (CIFNET):
Percentage composition of the catch by number (cruise-wise) !

(February-May, 1981)

Total

Species group February March - March April April May May
Yellowfin tuna 125 15 25.0 . . 3.2 59 83
Bigeve tuna e e . 50 . il . oL B
Other tunas . .- . 63 _ oo 07 .
Billfishes 12.6 25.4 25.0 . 94 129 - 529 177
Pelagic sharks .. 7150 522 450 100.0 469 4.2 41,2 - 638
Other fishes . 14.9 .. . 343 9.7 . 8.7
Percemtage composition of the catch by weight (Kg) (Cruise-wise)
Yellowdin tuna . 16.3 9.2 20.9 .. 37 54 7 103
Bigeya tuna .. . - . 59 133 e . 1.7
Other tunas .. o - 1.2 .. . 0,1
Billfishes 215 47.1 31.8 . 15.3 10.8 64.7 29.0
Pelagic sharks .. 622 42.5 41.3 100.0 62.9 84.8 20.8 57.8
Other fishes e 1.2 . 7.3 0.8 . 0.8

¢ Sauree 3 CIENET Nows Leitr, Vol I, No. 2, 1981,

the rate of damage to the tunas by sharks in the Indian
Ocean and reporied that the percentage of damage was
high in the area north of 10°S and west of 80°E
(0.09-—0.18) and in the Banda Sea and Flores Sea
(0.14—0.16) during 19538-1960. Silas (1967) observed
the damage caused by pelagic sharks to the hooked
tunas -during the rescarch cruise of ANFON BRUUN
in the Indian Ocean and s'ated tha* the pelagic sharks,
especially white-iip shark, silky shark, groat blue shark,
thresher shark and makao shark play animportant role
in the tuna longlining as they cause considerabic damage
to the hooked fish. The damage caused by sharks to
the tunas and other pelagic sharks ,which was observed
on board R/V ANTON BRUUN during January to
May, 1964 is presented in Pls. IT and V.

In view of the high incidence of pelagic sharks in the
tuna longline operations in certzin areas in the Indian
Ocean, the economic utitisation of these fishes as pro-
fitably as tunas is an urgent necessity. Longline fisher-
men often discard the hooked sharks by cutting off the
leader portion of the longline. Tanikawa (1971)
reported on the utilisation of pelagic sharks in Japan
as food products and raw material for fish sausage
and ham. However, most of the body parts of these
fishes such as fin, skin and flesh can be economically
utitised for the production of food and other pro-
ducts,
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Silas (1965, 1967) reported on the lancet fishes of
the genus Alepisaurus Lows taken by the longling gear
from the Indian Ocean during the cruise of ANTON
BRUUN (PL. IV). According to him, 4. ferox was
found to be fairly widespread both south and north
of the equator up to 34°S, whereas the distribution of
A. brevirostris was found to be resiricted to between
24°16'S and 35°34'S latitudes along 55° and 75°E longi»
tudes (Fig. 107). Recently, we have recorded A. ferox
in the Lakshadweep Sea which were collected during
the longline operations conducted by R/V PRASHIK-
SHANI during March-May, 1981. However, no quan-
titative data on the production of this species is available
from the Indian Ocean Area.

Porpoises are often associated with yellowfin tuna in
the Pacific Ocean, and they are taken there in ‘large
numbers during the purse seine operations. The por-
poise mortality incroased considerably along with the
development of purse seine fishery and strict control
measures have been imposed by the U.S. Government.
As a conservation measure to protect porpoises, a8 new

‘system of purse seining called *bold contender’ has

been introduced since 1975, which allow the porpoises
to escape through the release arca during the seining
operation. Recently, many modifications have been
made for this system and the * Super apron® is one of
them, which achieved record low porpoise kiiling. It
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has also been reported that the U.S. Government
requires any country exporting tuna to U.S. to abide
by the porpoise protection measures (FNI, 1981). The
experience in the Pacific is to be considered as an eye
opener to the prospective purse seine operations for
tunas in the Indian Ocean also.

In the surface trolling fishery for tunas, several species
of billfishes and other scombroids often occur as
by-catches. Silas (1967) reported on the by-catches
taken by the multiple trolling line fishery along the
Tinneve'ly Coast, and according to him apart from
tunas, species such as striped marlin, black marlin,
blue marlin, sailfish, seer fish and wahoo were also

landed by this gear, and all these fishes were marketed
for local comsumption. Data collected during the pre-
sent study on the catches of surface trolling at Minicoy
alto indicate that the main by-catches in the tuna
troll line fishery ate wahoo and sailfish.

To sum up, there is need for a systematic analysis
of the by-catch from tuna longlining and for developing
suitable post-harvest lechnology for the wrilization of

“these for production of value added products. Surely,

the fins of pelagic sharks should find & ready market.
The utilization of fish such as 4. ferox should also be
explored.

AREAS OF ABUN
k- IYELLOWFIN 8¢ ALBAC

AREAS OF ABUNDANCE OF {/
C - ALEPISAURUS FEROX V.

V77 YELLOWRING R BléEYE

[ET]ALBACORE INDOMAGURO

{7/Z] MLEPISAURUS FEROX
ETCJALEPISAURUS BREVIROS TRIS

50° 60° 70° 80°

50°

60° 70" 80

Fig. 107, Distribution of the species of lancet fish (Hlepisaurus ferox and A. brevirostris) in the Tndian Ocean (Frem Silas, 1968a),.
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POST-HARVEST STORAGE, PROCESSING. AND MARKETING

The marketing research and development on thé tuna
fishery products in the Indian Ocean. has yet to be
developed and what is available on thése lines are the
fragmentary information on'the local consumption and
on the processing in a limited scale by the Indian Ocean
rim countries. Most of the larger tunas taken from the
Indian Ocean by foreign vessels are either taken back
to the home countries or processed and sent outside
the Indian Ocean Region. In this Chapter, the current
practices of storage and processing of tunas gnd allied
fishes have been briefly reviewed and the irend in ‘the
tuna trade in the world market dlscusaod

Tung fishing operatmns on a commercial scale require
holding and freezing facilities for storage of fish prior
to processing and marketing. General method of
handling the fish practised are salt water chilling, icing
or blast freezing. Salt water chilling is an ideal method
for smaller vessels and in-this system the salt water is
cooled in a chilling tank (to about —1.1°C) and cir-
culated through a fish holding tank. Blast freezing
system ocan successfully freeze only limited quantities
of fish. Icing the catch of tunas is practised in fishing
trips not exceeding 3 or 4 days. In this method, fishes
are stacked less than 1 m deep and about 8 ¢m layer
of ice is placed on the floor of the hold with alternate
layers of tunas and ice above them, in & proportion of
one part of ice to three parts of tunas.

Most of the long range tuna longline vessels are
equipped with refrigeration facilities which permit fish
to be frozen rapidly to temperatures of —55°C or lower
and with fish holds capable of holding the fish below
—40°C. Southern bluefin tung and striped marlin
brought back to Japan under such refrigeration are
acceptable as highly valued © sashimi * arid fish steaks.

In the pole and line fishery, the small vessels operating
in the coastal areas do not normally aim at preserving
the catch on board because the fish are landed witliin
a fow houss of .the capture. In most of the Indian
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 the water at the desired temperature. 1
going tuna pole and line vessels keep the fishes in cold
‘storages after refrigeration processes such as brine

QOcean tim countries where day fishing is resorted
to, the fishes are iced and processed ashore. In the
Japaness medium sized vessels, the tuna catch are

‘transferred to the holds and stored in chilled water.

Freezer cooled brine is pumped through pipes 1o keop
Large ocean

freezing or semi-air blast freezing. “In most of the U.S.

Atuna clippers the catches are frozen in specially con-
structed wells using the brine spray method by which
chilled saturated brine is circulated from the boitom of

the well and sprayed over the mass of fish and the fishes

are kept at —7°C or lower (Ban Yami, 1930). Most
of the purse seihers are also equipped with refrigeration

facilities to hold the fish at —20° or —40°C.

Tung and billfish meat are processed in different
methods. Frozen- tuna products consist mainly of
frozen whole body, frozen semi-dress, frozen dress and
frozen fillets. - Several systems are in practice for freez-
ing tunas and’ related fishes. In the sharp freezing
system, the fish fillets are frozen in cold air'of —25°C
to —30°C, but it takes comsiderable time to freeze the
inner parts of the products. However, semi-air blast

freezing technique accelerate ‘the process. Contact

freezing is largely used for freezing the packed filléts,
steaks etc. Usually, on tuna fishing vessels, immersion
freezing is practised during which process the products
to be frozen are dipped in cooled brine at —15°C.

Tuna meat is canned either in oil or in brine.
Seasoned tuna meat, with or without oil is also pro-
duced from the waste tuna meat left after canning,
During the process of canning, the cleaned body of
fish are thoroughly washed and subsequently steamed
till all parts are completely cooked. After & lapse of
time, the scales, bones and nen-edible parts are removed
leaving only clean white meat which vsually forms about
409 of the total body meat. The white meat is then
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packed in cans and a good quality cotton seed oil or
olive oil and refined salt is added. When canned in
brine, a8 5% solution of Sodium chloride solution is
added instead of oil. The filled cans are vacuum
seiled, washed and sterilized in the refort. In the
process of the preparation of ‘seasoned tuna’, the
refined waste meat is packed into flakes and seasoned
juice is added. The remaining processes are the same
as for canning.

Tuna meat is also used in the preparation of fish
sgusage and ham. Another product from tuna meat
is dried fish sticks such as the one prepared in Japan
{Katsuo-fushi), Maldives (Mzaldive min) and Minicoy
(Mas-min or Hikki mas). The product is prepared by
boiling, smoking and drying fish fillets. Processing of
Mas-min in tbe Lakshadweep has been described
earlier by Jones and Kumaran (1959).

Based on their market value and utilisziion, tunas
can be grouped as follows: (1) white mest species
(albacore) ; (i) light meat species (yellowfin, skipjack,
bigeye, southern bluefin, longtail funa and juveniles
of yellowfin and bluefin), and (i) tuna-like fishes
-(bonito, frigate and bullet tunas). Albacore tuna has
the highest market preference in the U.S.A. becguse of
the colour and flavour of iis meat. Canned and
frozen tunas have good demand in the US.A. Suda
(1971) and Ueyanagi (1974) reported on ihe uiilisation

of tunas and billfishes in Japan, which is the second -

largest market for iunas. A large pari of the domestic
consumption is in the form of ‘sashimi’ (thin slices
of tuna or billfish meat), * sushi ’ (ball of rice, seasoned
with a weak solution of vinegar, salt and sugar {opped
by a s nall amount of tuna meat), fish steaks and basic
ingredieais for fish sausage and ham. The highly
appreciated species for * sashimi’, ¢ sushi’ and steaks
are the southern bluefin tuna, bluefin tuna, bigeye and
striped marlin followed by yellowfin tuna. 7. ronggol,
which ocours along the Indian Coast is scaled betweon
yellowfin and skipjack as to its quality, texture and
taste. In Japan, skipjack is consumed as fresh meat
(407%,), dried to make ‘ katsuo-fushi* (30-40%) and the
remaining portion as canned products.

Ueyanagi (1974) reported on the principal utilisation
of different species of billfishes as follows :

Striped marlin used as “ Sashimi * and
% Suslli ¥
Blue and Black marlins .. * Sashimi*
Swordfish . .. Steak and
‘ Sashimi
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Sailfish .. used as * Sashimi®
(<30 kg.}, also
sausage and ham,
Spearfish (Short-bill) . Steak, broiled or

baked.

According to Ueyanagi (1974), the billfishes attained
the status of quality fish following the Bikini bomb
test in 1954, when tunas were found to be contaminated
with radio aciivity. Since then these fishes have been
used widely in the preparation of sausage and ham,

Other countries in the western Europe, which form
the third largest market for tuna products, mainly Italy,
West Germany, France, Spain, Switzerland, and U.K.
entirely depend on either white meat or light meat
spectes of tunas for their canneries.

The production, processing and marketing of tunas
have been a large, mature and established part of the
seafood indusiry. The development of this industry
by any country requires a general understanding of the
market demand and the fluctuations in the price trends.
The world demand for tunas has been steadily increasing
and this is evident from the quaniem of wtilisation of
tunas and tuna producis by major markets such as
U.S.A.,, Japan and Western European countries
(Fig. 108). Broadhead (1971) and Peckham (1974)
summ-riged the ¢ anticipaied market growth * for tunas
by major markets as follows :

Matkets 1972+ 1974%» 1975% 19778

(Unir ¢ livesweight basis, x 1000 MT)

U.S.A. e 503 710 545 750
" {641.5)

Japan . 350 370 375 390
{368.5)

Europe . 256 270 288 300
{239.9)

Other countries .. 125 100 176 110

1234 1450 1384 1550

Source ; * Broadhead (1971); #* Peckham {1974)
However, the figures of utilisation of tunas (given in
parenthesis above) indicate that the utilisation of tunas
in the U.S.A, and Japan in 1972 had already exceeded
the anticipated demand.

Tunas, in the raw frozen form are being traded in

‘the major markets of the world. The preference of
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differont species in various world markets has been
discussed earlier. A review of the price for albacore,
yellowfin and skipjack during 1963-1973 (yearly
averages) and in 1980 (Table 15) indicates that the
~ prices of these spacies showed an increasing irend in
the middle of 1960 and a sharp increase was recorded

g
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UTILIZATION { X 10TMT LIVE - WEIGHT BASIS)
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1963 '64 65 ‘88 '67 €8 €% 'TO ' T2

Fig. 108. Utilisation of tunas and funa products by major
markets, 1963-72 (From Peckham, 1974, modified).

Tapre 15.  Yearly average prices (per MT) for selected
species of tunas in U.S5.AN and Japan** during
1963-1973*** and the price for selected species

in the U.S.A. market in 1980+

(Unit: §
Albacore Yellowfin Skipjack
Year
US.A, Japan US.A. Japan U.S.A.

1963 .. 350 339 290 317 23%
1964 ,, 348 345 284 331 21
1965 .., 345 327 308 344 231
1966 .., 422 474 403 495 292
1967 .. 433 472 310 431 223
1968 .. 455 469 341 404 288
1969 .. 480 538 356 421 303
1970 .. 605 747 413 580 358
1971 .. 693 713 462 678 410
1972 .. 748 769 486 630 446
1973 .. 913 943 535 716 502
1980 .. 1610 .. 1100- .. 1000-

1200 1100

* Average weightcd ex-vessel price in California.
** Fish on board (FOB) price in Japan.
*++ Saurce for the period 1963-1973 ¢ Peckham, 1974,
+ Source for 1980: Fishery Market News Report,U.8.A.1981.
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in the markets in U.S.A. and Japan since 1966
(Peckham, 1974). In 1980, the price of albacore,
yellowfin, skipjack and bonito per MT in the U.S.A.
market has been around $1,610, $1,100-1,200, $1,000-
1,100 and $550-580 respoctively (Fishery Market
News Report, U.S.A. 1981). Recently it has been

TABLE 16. Monthly average ex-vessel prices of
billfishes (U.S. dollars per short tony ar Yaizu
fish market, January, 1978-May, 1979,

Month Striped Blue Black Sword-
marlin marlin marlin fish
1978
January L 3482 2,009 2,605 - 2423
February .. 2,823 2,326 2,070 2,503
March ‘e 3,452 2,299 2,025 2,647
April .. 2,722 2,515 2,082 2,833
May .. 2,614 2,112 1,929 2,343
June s 2,462 1,991 2,090 2,263
July s 4,345 2,122 2,272 2,658
August .. 2507 2,275 1,638 2,826
September .. 2,903 2,039 1,943 2,769
October .. 2,856 2,412 2,055 2,793
November .. 3,981 3,165 2,002 - 2,59
December . 2,698 2,323 1,934 2,703
1979
January o A4l 1,933 2.144 2,455
February o 4046 2,037 2,059 2,440
March o 4095 2,510 1,871 2,580
April o 236 2,658 1,730 2,232
May o 2489 2,626 1,818 2,129
1 Source ; U.S. National Marine Fisheries Szrvices, 1578-1979
(Yoshida, 1980).
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Fig. 109. Price of different species of billfishes at the Yaizu
Fish Market, Japan, 1961-70 (From Ueyanagi, 1974).
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reported that in January, 1982 a world record price
for bluefin tuna was paid in Japan at the rate of
$42.61 per kg ($38,693.18 por short ton) The
price structure of billfishes in the world market
has yeot to be studied in detail. However,
Ueyanagi (1974) reported on the trend of increase in
prices for billfishes in Japan and stated that the average
prices have increased from 1961, and a sharp increase
was noted after 1966, especially for siriped marlin,
bluc marlin, black marlin and swordfish (Fig. 109).

130

He opined that in recent years, the prices for billfishes
have become comparable with those for tunas in'Japan.
According to Yoshida (1981) most of the Indian Ocean
billfish. catch is presumed to have been sold in Japan.
He also presented the average monthly ex-vessel prices _
for striped marlin, blue marlin, black marlin and sword-
fish at Yaizu Fish Market, Japan, during January 1978.
to May 1979, which is reproduced in Table 16. Striped
marlin was the most valuable of the billish species

which was sold for $2,316 to $4,345 per short ton.
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MANAGEMENT PLAN FOR THE TUNA FISH:ERY IN THE INDIAN OCEAN

At the Vth Session of the Indian Ocean Fishery
Commission held at Cochin in October, 1977 the current
management problems in the Indian Ocean tuns fishery
was discussed. At the same meeting, a document
entitled ‘An immediate management problem for
tuna in the IPFC/IOFC Region’ was presented high-
lighting the need for the management of skipjack,
southern bluefin tuna and other larger tunas, and the
administrative machinery that may be necessary for
developing such a management strategy. Since 1977,
a number of island states as well as Indian Ocean littorat
countries have declared the 200 mile Exclusive Economic
Zone which has considerably changed the overall pic-
ture (Fig. 110). Hence any management programme
for tuna fishery in the Indian Ocean may have to look
at the following aspecis in vitro &

— Management of coastal tuna fishery in the conti-
nental shelf waters

— Management of tuna fishery in the small scale
gactor in the regions around islands and archi-
pelagoes

- — Management of tuna fishery of the high seas

— Catch and effort statistics, stock assessment and
monitoring of tuna stocks within and outside
the EEZ _

— Sharing of the stocks ; International and Regional
collaborative programmes in R & D

— Information on the environmental parametors -

— Control and Surveillance, and :

— Legal and social aspects of mmmment and

© options open..

‘In the following pages we have hlghhshted some of

tlie more important aspects. for management pertinent
to the Indian Ocean Area. Some of the points men-

tloned ahove bave been d.ea!: with under earlier sections -

Tuna Fishery in the Continental Shelf Waters

In the continental shelf waters bordering the littoral
sigies in the Indian Ocean, organised fishing for tunas
and tuna-like fishes are carried out by a few countries
such as India, PDR Yemen, Sri Lanka, Indonesia,
Australia and South Africa, Thunnus tonggol and
often the young ones of T. albacares, along with tuna-
like fishes such as skipjack, bullst and frigate tunas
and the little tunny occur in tHose waters. At prosent,
there appears to be no danger of depletion of these
stocks. The species are highly migratory and as the
effort to be expended may differ from couniry to
country, a monitoring system on the catch from the
coastal waters of the entire Indian Ocean Arez will be
necessary. This will be evident from the long distance
migratory pattern of tunas brought to light by the
skipjack tagging programme of the South Pacific
Commission (Kearney, 1981). A number of species
synopses have been prepared in the recent past on the
* under-exploited species > of tuna-like fishes from the
Indian Ocean. However, there is lack of information
on several parameters which are essential for under-

- gtanding the spawning behaviour, recruitment and stock

magnitude.

In India, average tuna landings (1969-1980) from the
coastal waters accounts for about 9,000 toms, and
18,502 tons (catch from the Lakshadweep not included)
were [anded in 1980, There has been a steady increase
from the landing in 1969 (2,780 tons) to 1980, We
feel that there is considerable wopo for increasing the
catch of the under exploited species of tunas from the
coastal waters of India, especially Euthynmus affinis,
Auxis thazard and A. rochei. However, the problem
is the lack of local demand for the red meat tunas.
It, will be neceasary to develop the market for these
species in fresh, frozen and processed fom if the'
catches have to be substantizlly mcrewd.
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The bulk of the caich from the shelf waters by the
small scale fishery sector is taken by the drifi gillnets.
Modetnisation of this fishery will be one of the necessary
steps towards gugmenting production. Purse seines
have also landed good caich fromihe shelf waters.Regu-
lated purse seine fishery for tunas along the southwest
and east coasts should also yield good resulis. There

60°

‘Fraditionally, the inshore catches have been taken
by shore seining, gillnetiing and surface trolling, using
non-mechanised boats such as canoes and catamarans.
At selected centres, mechanisation is under way, and
this would help in gugmenting tung produciion at such
cenires along the coasts of Indiz. Encouraging resulis

are indications from trial surface trolling that good
concentration of Euthynnus affinis is present even in

the norih eastern Bay of Bengal off Oris
152

sa Coast.

have been obtained along the Calicut Coast in gill-
neiting large pelagic fishes such as tunas and billfishes
from further offshore in depth zones of 30-50 fathoms
(Balan, 1981). Such- operations, where canots are
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towed for gillnetting in deeper waters could also be
adopted seasonally in other arcas. Under a planned
development programme it would not be difficult to
double the production from the present level from the
shelf waters.

Production possibilities from shelf waters are fairly
good in other areas of the noriiic waters bordering the
Indian QOcean. It has been indicated thai the catches
of smail tunas in the Malacca Strait increased from
6,400 tons to 15,000 tons recently. The fung fishery
of the shelf waters has considerable relevance to the
small scale fishery sector and thereby their economy.
Gillneiting for tunas also results in the landings of
quality by-caich of other pelagics such as secerfishes,
gharks, carangids and catfishes which feich good prices
at the landing cenires. Hence any development pro-
gramme in the small scale fishery sector should also
gim ai augmenting the caich of larger pelagics from
of the shelf waters by improved crafis, methods of
economic propulsion combined with aliernate use energy
and effective gears. This cannot be - achieved and
sustained without developing a good catch, effort and
biological data acquisition system and tagging progra-
mme to understand the migratory movements of tunas.

‘The post-harvest technology for the better utilization
of tunas harvested from the coastal waters has to be
developed, beginning with proper on board preservation
to maintain quality standards. The use of brine chilling
tanks in smaller boats or medium sized purse seine
boats should be considered azlong with upgrading
onshore processing faciliies, Improvement of the
quality of the traditional smoked and cured producis
such as ‘mas min’ should also be examined for
increasing the shelf-life of the products. Market studies
with an extension programme may be initiated to
understand the consumer preference within the country
for processed products from tunas and billfishes.

In view of the importance of this fishery, there is
an urgent need for developing quantitative assessments
of the resources of small tunas and tuna-like fishes from
the continental shelf waters of the Indian Ocean.

Surface Fishery from the EEZ of Island States

Skipjack forms the major tuna resource around the
_oceanic islands and the archipelagoes and the ‘major
effort expended is in the surface fishery using pole and
line and live-bait. The constraints in this fishery are
manyfold, starting from the availability of live-bait,
desirable bait specios, scouting time for tuna shoals;
behaviour of the shoals, fuel-energy cost in running
the boats and s0 on. As of to-day (1980) about 1,760
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tons of skipjack, young yellowfin and occasionally
little tunny are being landed by the surface fishery
employing pole and line gear in the Lakshadweep
Islands. Pole and line fishery is being conducted in
the insular areas such as Maldives, Sri Lanka, Indonesia
and Reunion. Trial fishing using pole and line and
live-bait has been aitempted in the Seychelles.

The problems of management are complicaied by
the remoteness of some of the areas and the consequent
lesser development of infrasiructure for the main-
tenance of fishing facilities such as boais, and the
storage facilities for the catches. In many places, lack
of processing facility is a major consiraint and limited
internal demand acts as a disincentive which may restrict
the fishery only to that of & subsisiance level.

Besides pole and line fishing, other methods such as
drifi gillneiiing, surfaco tirolling, and purse seining
could also be carried out, but all these involve planned
development programmes and an understanding of the
scasonal distribution of ihe shoals and the environ-
mental factors such as currents around the islands.

In Lakshadweep Islands, the pole and line live-bait
fishery carried out for tunas involves day fishing only-
Receni aitempis in the Seychelles for distant water
fishing using four large Japanese pole and line fishing
vessels have not proved successful, mainfy on account
of the non-gvailability of live-bait in large quantities
required for such operations. Unless species such as
anchovies, juvenile sardines or the like which may
abound in the continental shelf waters could be utilised
as bait, large scale commercial pole and line live-bait
fishing will have only a limited scope. On the other
hand the fishery in the amall scale secior could certainly
be developed in most of the island areas. A good
example is the mechanisation programme in the Laksha-
dweep Islands which has helped in improving the

" catches. A similar trend is also seen in the Maldives.

The next atage of development would be the use of
slightly larger vessels with greator operational range
to fish around these islands for 4 to 5 days carrying
enough live-bait and chilling and storing facilities for
the catch. ‘This may involve working out of sight of
the islands and consequently the development of
navigational skills in the operators.

This plan of development is inevitable in insular
areas, but some research and development effort should
go into the design of the vessel and the deck
arrangement partizlly for the bait tanks and chilling
and freezingficing arrangements. The experience of
pole and line surface fishery in Hawaii could be con-
sdiered for planning such development programmes.
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Since availability of thé live-bait will be an eternal
problem as for as this fishery is concerned, large scale
culturs of suitable bait fishes should receive priority.

As mentioned elsewhere in this report, non-conven-

tioaal spscies such as Chanos chanos (fingerlings),
minnow (Poecilla vittata) and Tilapia zilli have been
. found to have good chumming quality and these are
useful as baitfishes. More research effort is necessdry
in this direciion, Proper research inventory of the bait
fish species, their seasonal abundance, availability and
chumming quality will have to be studied for different
areas where such information is not available. The
desirability of developing a separate system of collec-
tion, maintenance and supply of bait fishes to the fishing
boats needs attention. This should free the tuna fishing
boat crew from expending energy in fishing for live-bait
and also increase the fishing time in the tuna fishing
ground.

Even in the iraditional small scale sector in the insular
areas there is ample scope for innovation and improve-
ments of the gear as well as the methods of water
spraying instead of splashing, Spraying helps beiter
chumming and also increases the crew compliment for
fishing. Such improved techniques should be adopted
in our small scale fishery sector in the Lakshadweop,

In view of the remoteness of many places and the
constraints in the availability of fuel, the use of sail
for the mechanised boats may have to be seriously
considered when extensive scouting for shoals is neces-
sary. In this connection attention is drawn to the
recont development on the investigations on the low
energy fishing vessels that have been summarised by
Fyson (i1981). Sail designs for existing -mechamised
boats should be developed and this may have an Impact
on reducing the cost of ﬁshmg

Hardiy any studles have been made in the Indian

Ocean on-the behaviour and reaction of tupas Yo fishing

methods adopied. Often sub-surface tuna shoals occur
fairly close to the islands but cannot be chummed to
the surface. Off the Queensiand Coast of Australia,
Japanese longliners have been using hand lines and.
poles for fishing such shoals from depths, especially
during the season October-November (Williams, 1981).
The vessels are 43-54 m well equipped longliners with
storing capacity of 300-400 tonnes of frozen tuna
at -55°C. Fibre glass or bamboo pole (3.0-3.3 m) with
hand line (63-85m) are used for fishing. Bait for
handlines include fresh tuna hearts and frozen saury
or mackerel. Chopped fish and baitfish, anchovies

and squids are mixed and uséd for chumming funas.:
It is interesting to note that these handlines are aimed
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ai fishing tunas that would not ¢ome close enough to
the surface to be taken on poles. When the fish did
noi surface, poles are replaced by hand lines along
one side of the vessel, fishing at depths of 30-40 m
below the surface. It is reporied that fishing speed
was at the rate of up to 40 fishes per minute. Yellowfin
caught by poling was generally smaller (75 cm) than
those caught on handline (129 cm). This technique
could probably be adopted in the small scale secior
of the pole and line fishery of the Lakshadweep Sea,
where often sub-surface skipjack shoals are present but
do not respond to chumming with bait fish at the surface.

Earlier we have mentioned about the dmnrablhty of
locating ariificial aggregators such as the © payayos’
in the Philippines and Indonesia and the FAD's in the
Hawaiin waters. The problem of maintaining fish
aggregators is not new and ai the same time not a
simple one as it involves mooring at a depth of
1,000 m or more. A knowledge of the ocean current
paitorn in such areas is necessary. It is undersiood
that some effort for setiing up such floating objects by
Sri Lanka did not meet with success, A beginning
has been made in the Lakshadweep in December 1981.
This brings up the question of efficiently harvesting
the fishes congregating under them by purse seining
or pole and line fishing (Murdy, 1980; Matsumoto
et al., 1981).

Our info_rm_ation on sea-bird fiocks, their behaviour,
especially feeding flocks are very meagre. More infor-
mation on these gathered from experienced fishermen
aswell, could help to build up an information base which
would be useful in scouting and locating fish shoals
under different conditions (Nakamur&, 1963 ; Silas,
1969).

Augmenting production from surface fishery for
tunas through drift gillnetting offers good scope. Here
again, the depth of operation, the relation of biolumi-
nescence to the season of operation of such gear, the
soason when gillnetting could be used successfully and
without conflict with other methods of fishing will liave
to be looked into.

Thus there is ample scope for improving the produc-
tion of surface species of tunas such as skipjack from
around msular areas with 1mprovement in the small
scale sector through modernisation of fishing methods
and better infrastructure. At présent, from the insular.
regions in the Indian Ocean the production of skipjack
and other tuna-like fishes adds up to about 50,000 MT,

We shall discuss tuna fishing by the long lines around
the island states later in this chapter. The known"
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distribution of tuna-like fishes and the information on
the fishery which are indicative enable u to suggest
that we may be able to enhance the production to three-
fold from the insular areas with the planned develop-
ment of the small scale fishery sector. In fact, we feel
a potential yield of 200,000 MT of tunas from the
insular areas including the island states with their EEZ
of the Indian Ocean will be a reasonab.e estimate.

Tuna fishery in the high seas

This would involve management of the tuna fishery
in the high seas within the EEZ of the coastal and
island states as well as the stocks outside the jurisdic-
tion of the states. We have already discussed the
patential of the surface species of tunas from the ERZ
of the insular states and archipelagoes. Hence, we
should examine the position regarding the deep water
tuna fisheries from within and outside the EEZ and
management problems and the surface fishery in the
high seas. The problem is further complicated by the
highly migratory nature of the species involved.
Further, investigations have shown the existence of
discrete stocks of the same species in some areas of
the ocean (yellowfin) or presence of a single species
within the whole ocean (southern bluefin tuna). In the
case of the latter, the maiter is still more complex as
there exists a surface fishery for southern bluefin tuna
along the coast of Australia, which fish younger year
class while the longline fishery taps the older groups.
The development of surface fishery will result in the
harvesting of young yellowfin which if not regulated
will have an adverse effect on the fishery for adults
which are taken by the longline gear.. Except for the
data on longline fishery there is hardly any information
on the production of billfishes from the Indian Ocean.
Thoy are also highly migratory species and management
measures for billfish resources may also have to be
developed as for the high sea tunas,

Tuna fishery is also a multispecies fishery and the
management of single or all gpecies at the same or
different levels of exploitation by different methods
need further study.

At present the longline fishery is mainly carried out
by non-local fleets from Japan, Taiwan and ROK.
With the development of fishing capability by the coastal
countries, either through joint venture programmes or
unilaterally, the problem of limited entry into the fishery
and the need for sharing of the stocks are bound to
arise. As such, it would be seen that there is an urgent
need for developing & proper management plan for the
tuns fishory of the Indian Ocean keeping in view the
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priority considerations for the oceanic species and the
status of the stocks. Such a strategy should consider
the following aspects :

a. Longlining from within and outside the EEZ

More information is available today on the longline
fishery which has been summarised in the earlier part
of this report. The new effort is towards developing
deep longlining. A note of caution may be added here
in that the available data indicate a reduction in size
as well as age group of the yellowfin tuna (Suznki, 1979).
Continuous monitoring of the catch and effort of species
taken by the longline fishery is needed. The longline
fishery is also known to take the fish in ripe running
condition, and restrictions on fishing spawning stocks
will be necessary. In the exploitation of the southern
bluefin tuna, some amount of voluntary restrictive
measures are already in vogue in the feeding and
spawning grounds of this species.

One of the constraints in the proper stock assessment
studies is that the catch and effort data by the foreign
fleets are only partly available. Information is still
wanting on catch and effort by the tuna vessels by the
ROK as will bs evidenced by the catch statistiés pub-
lished by the FAQ. However, as an example, the
average catch rate by the longline gear for four major
species of tunas from within and outside the EEZ of
different countries in the Indian Ocean is presented in
Table 17. The percentage composition of the catch of
these species from these two areas of different islands
in the Indian Ocean are given in Fig. 111.

The collection of information should be standardised
to include uniform types of log books for catch and
effort data and data on biology and environment for
stock assessment. Unless these are instituted under
controls, it will be virtually impossible to implement an
effective monitoring system. The Government of India
has developed a chartering policy which enables seeking
collaborative arrangement for tuna fishing. All such
arrgngements which are licensed should take into con-
sideration the use of standardised logs for use on board
and the data collected should be fed into the National
Fishery Data Centre.

Christy et al., (1980) have suggested the modality of
controls while suggesting management plans for the
fisheries of the EEZ of the Republic of Maldives. The
Government of the Republic of Seychelles by promul-
gation of a Decree of the President of the Republic
has indicated modalities of issue of licences for tuna
longliners within its EEZ. While states may develop
unilateral approaches towards licensing fishing from
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TanLE 17.

Average catches of four major species of tunas as percentage of totals

inside the EEZ by leading countries 2

Yellowfin

Albacore

Bigeye Southern bluefin
British Indian Ocean Australia 4.5  Ausiralia 6.7  Awustralia 72.6
Territory 6.8  British Indian- Christmas Is. 48  French S.E.
Cocos Is. 31 Qcean Terr, .. 15 Cocos Is. 5.6 Antarctic 58
Comoros Is. 32  Christmas Is. 3.5 French S.E. Prince
India 33 Cocosk. 6.1 Antarctic 47 Edward Ls. 10.6
Indonesia 6.3  Indonesia 130  Indonesia 49  South Africa .. 10.7
Maldives 37  Maldives 60  Madagascar 17.1 '
Mauritdus 9.0 Maauritius 4.5 Mauritius 233
Seychelles 319  Seychelles 25.5  Reunion 17.5
Somalia 36  Somalia 8.4  South Africa 38
South Africa 64  South Africa 3.5 :
Tanzania 44  Tanzania 39
81.7 86.4 90.4 99.7

Others . 18.3 13.6 9.6 03

Total inside . 100.0 100.0 1000 - 100.0
Total inside EEZ .. 47.2 338 17.8 189
High Seas 528 66.2 ve 822 81.1

1 Source ;: Klawe (1980 a)

their own EEZ by foreign fleets, the need for uniformity
in data collection and acquisition are also important.
The suggested proforma for fishing logs is given as
appendix to this report (Appendix 1-3).

In the context of Japan’s major effort on tuna
longlining, it may be worthwhile to look into the details
of the operational aspects of the tuna longline fishing
vessels particularly those engaged in the southern bluefin

tuna fishery in the waters around 40°S in the Indo-
Pacific area.

DATA
Gross tonnage + 299
Length ! 44m
Breadth i 82 m
Depth i 365m
Cost of vessel
New vessel ¢ 450-500 million Yen

2-Year's old 3
10-Year’s old :

290.322 million Yen
70 million Yen

136

(The costs of the vesse) are aproximate, depending
on the type of electronic equipments installed in the
vessel. In order to avoid unhealthy competitions,
recently it was decided by the Japan tuna and skipjack
fishery Association to phase out some of the 878 Jong-
liners in stages. The owners of the vessels affected by
this reduction programme are being compensated by
the members who continue operations).

Average catch 200-250 MT/voyage
Average catch per day 0.45-0.83 MT
Average unit price : 2,000-2,800 Yen/Kg.
Average income/voyage

of 15 to 18 months 400-700 million Yen
Average catch per annum

per vessel : 130-200 MT
Average income : 260-560 million Yen/

annum/vessel

(The duration of the voyage is from 450-540 days
but the actual perioc of fishing operation is fr¢ m 300-450
days only).

. Number of crew H
Contract period - :

20 persons
Entire voyage period
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In the event of some serious
accident or sickness that
affect more than three
members at a time

Change of crew :

Expenditure on crew

per annum : 80-170 million Yen on catch

and price realisation
—Captain cum skipper is
paid @ 10-20 million Yen
per voyage
—Other members of the

crew are paid @ 5-8
million Yen per voyage per
head

Running expenses :

(Direct expenses including
fuel, bait, provisions,
fishing gear, repairs and
maintenance, spare parts,
port duties, license fee,

docking charges etc.) 1 40% of total income
(@ 100-220 million
Yen)
Expenditurz on depreciation :

(Office overhead, insurance -
for vessel crew, interest '
on capital etc.) 309 of total income

For taxation purpose, depreciation is normally comw
puted in two methods :

\i) An amount equal to 1/9th of the original cost
of the vessel is kept apart and the balance is
divided by ¢ to arrive at the quantum of depre-
ciation per annum for a period of 9 years. The
book value at the end of 9 years will be 1/9th
of the original cost.

(ii) The original cost minus 1/9th of the same is
multiplied by a fixed factor of 0.226 and the
amount thus arrived at is the depreciation for
the first one year. During the subsequent

years, the original cost minus 1/9th of the same -

minus depreciation for the previous years is
multiplied by the factor of 0.226 to arrive at
depreciation for the particular year.

Method (i)
Original Cost f A
Amount not taken for
Dazpreciation : A

Value taken for Cal-
culating Depreciation : $ A

First Year mepreciation : § A+ 9= % A
2nd year : ~do-
3rd vear : «do-
4th year : -do-
9th, year . ~do-

Book Value after 9 years : } A
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Method (i)

-

- A
A

D

$AX0226=1

GA—a) X0226=0b

GA—(2+5)) xX0226=c

GA—(@+8+0)) X026 =d

GA—@+btetdte+f+g+h) X
0.226 = I

LA+ GA—@+b+......D)

b. Tuna fishery from the surface waters of the high seas

'We have estimates of coastal tunas and oceanic tunas
which would form the surface fishery but these are
mainly based on relative figures for such fishery for the
Pacific or Atlantic Oceans or have been arbitrary esti-
mates. The occurrence of larvae of tunas and tuna-like
fishes in the Indian Ocean indicates that species such as
skipjack occur over a wide area (Goburnova, 1963).
There is hardly any useful information on the occurrence
and distribution of early juvenile tuna. The same holds
true for tuna-like fishes, namely Auxis spp., Euthynnus
affinis and Sarda sp.

Insufficiency of such information hamper estimations
of the recruitments and such vitally important assess-
ments. While the cost of monitoring and collection of
data on different species from the oceanic waters may
be an expensive one, special °skipjack survey pro-
grammes® could be developed for specified regions.
International coligboration in such progranmimes could
be encouraged. A comserted effort could be initiated
on the lines successfully conducted by Dr. Robert
Kearney and his group in the South Pacific Commission.
A study of the albacore resource and possibility of
developing a surface fishery for the sams by purse
seining need explovation.

For the proper development and management of the
purse seine fishery, environmental parameters such as
the thermocline structure and current pattern are pre-
requisites and these need mapping. The thermocline
structure would have an important role in the develop-
ment of fishery for surface species and more ocean wide
information on this would be needed. The information
given earlier in this report are only indicative of the
provailing conditions. Satellite imagery of sea surface
characteristics will eventually form an important tool
to pinpoint areas of concentration of surface shoaling
tunas such as skipjack, young yellowfin and albacore.

The economic viability of making a distant water
pole and line fishery for the surface tunas of the high
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-seas at prosent is remote with constraints on live-bait
.and so on, However, the regulation of surfaoe fishery
in the international waters of the high seas will have
'to receive serious considerations for a steady recruit-
ment to the longline fishery and thus policies on these
issueg will have to be developed.

Coutrols
In tona resourcs managemént, the controls will have
‘to be chiefly on :

— Licencing and control over the catch and effort in
the EEZ and high seas ;

— Controls over the methods of fishing, and

In the case of tuna fishery in the Indian QOcean, there
are no controls of any type in existence except in licons-
ing of fishing vessels within the EEZ of some of the
countries. Much remains to be done in this direction
which will involve regionsl and international under-
standing and cooperation.

The priority area where controls should be necessary
seems to bo in the longline fishery which through the
last decade has shown a steady fall in production
(Fig. 98). An ocean-wide concern for such an occur-
rence of this resources is necessary. Within the EEZ,
under controls we may aiso have to plan areas of fishing
with diverse gears to prevent conflicts of interests, in
other words limited entry into the fishery ; total allow-
able catch for species/resources ; closed seasons or any

— Limited entry into the fishery, regulations in fishing gear designs such as mesh size,
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Amount of catch of tunas taken by the Japanese, Taiwanese and Republic of Korean longliners from the EEZ of
India, 1972-77 (Data from Klawe, 1980 a).
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Surveillance

Surveillance has to be aimed at finding out number
-of fishing vessels that are exploiting the resource and
any infringemenis. Fiiting tuna vessols with transis-
‘torised radio transponders would enable position fixing
of the vessels through saiclliie technology. Surveillance
could be carried out by aerial reconnaissance or by
our own defence/coast guard/fishing vessels. There is
.2 need for developing such an integrated surveillance
system and also a rapid iransmission of information so
. that poaching could be curbed within our EEZ.

In Figs. 112 and 113 we have shown the EEZ of
‘India and 2lso the amount of the caich of tunas lifted
by the Japanese, Taiwanese and ROK tuna longliners
from our EEZ. Between 1975 and 1977 it will be seen
that there has been a major input of Taiwanese effort
in this fishery, and around 2,000 ionnes of quality
tunas (1977} have been caught from the EEZ of India.
The major componenis in the caich were yellowfin
(42.0%), bigeye (23.8%) and striped marlin (18.7%)
(average for the period 1972-1977).

Since we are looking at tuna resources as an ocean
wide asset and it may not be possible for all the nations
to carry out surveillance in their own EEZ due to the
prohibitive cost involved, the feasibility of effective
regional surveillance sysiem involving sharing of cost
may be an alternate mechanism worth considering in
‘SOThe areas.

Options Open for Tuna Fishery Development in the
" EEZ of India and the Contiguous High Seas

Due to the highly migratory habits of tunas and the
different methods of fishing adopted, it would be desir-
.able to outline here the options open for the develop-
ment of tuna fishery in our EEZ and contiguous high
.seas. 'Tuna fishery is highly capital intensive and it is
not the type of resource which would cater to a large
internal market to feed the population as an additionaj
protein source, While undoubtedly some amount of the
coastal species will ceriainly find an internal market, it
will not be economical to fish the tuna resources of the
'EEZ and the high seas with only an imternal market
in view. The przoblem is vitiated by the spiralling
energy cost in such a capita! iniensive fishery. Hence,
logically the first major decision to be taken would be
whether we should embark in a large way in tuna
fishery with a view for augmenting exports as part of
the overall strategy of diversification of exports of
marine products. Our contention is that we should
do so with the facilities available and those ichwh
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could be acquired through chartering and joint venture
programmes. This being so, we have options under
two major heads opened up for the development of

‘this fishery from our EEZ and the contiguous high

seas. These would be (A) the options open for
augmenting production, and (B) for management of
the resources,

A, Augmenting Production

(i) Augmenting production of coastal species of
tunas through diversification in the small scale
fishery with greater use of drift glllnets and other
suitable gears.

- (i) Surface fishery within the EEZ and the coiltiguous

-high seas for skipjack and other tunas and tuna-
. like fishes using purse seine.

(iii} Augmenting production in the Lakshadwecp and
Andaman Seas and elsewhere a'ong the coast by
use of artificial aggregators and fishing methods
adoptable for the same.

(iv} Introduction of larger boats for live-bait pole and
line fishery in the Lakshadweep for undertaking
prolonged fishing trips and improvements in
operaiional techniques.

(v} Bait fish culture and production for beiter develop-
ment of pole and line fishing in the small scale
fishery sactor.

(viy Fishing under licence from areas under the
National Jurisdiction of other countries.

(vii) Eotry into longline fishery and purse seining,
initizlly through chartering or joint venture pro-
grammes from the EEZ and the high seas,

(viii} Beiter wtilization of by- catch.

(ix) Identification of productive areas for tfuna
fisheries, their spawning and feeding ground, and
other special environmental features which help
in locaiing tunas through techniques including
saiellite technology.

(x) Financial assis'ance for building up infrasiructure
and acquiring or constructing suitable fishing
vessels.

(xi) Development of aliernate source of energy in
tuna figsheries for making the operations ~more
viable and economical in the small scale sector.

(xii) Improvements in post-harvest technology, pro-
duct development and marketing combined with
infrastructure for increasing demand for tuns
within the couniry and in the export market.
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B. Management

() Development of a strong data base for resource
information—acquisition of data, processing and
dissemination.

(i) Involvement in regional co-operative programmes
in fishing and also sharing of the stocks, research
and trade information.

(iii) International co-operation for the management of
the tuna resources.

(iv) Within the EEZ limited entry into the fishery and
sharving of stocks which would be in the effort
that would be determined chiefly for gillnetting
and purse seining for tunas in the continental
shelf waters in the existing small scale fishery
sector. National legislation for regulating the
toial effort in the fishery or the quantities io be
removed would be necessary.
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Need for Foreign Experiise

Tt should be evident that the feasibility of a country
such as India taking to tuna fishery calls for no
special foreign expert advise. In fact it is highly doubtful
whether we need any feasibility study at this juncture..
On the other hand we will certainly benefit from
foreign expertise in specific areas of tuna fisheries

such as:
(i) Tuna fishing fleet management ;
(ii} Purse seining ; :
(iif) Longlining, particularly deep longlining ;

(iv) Positioning and locating fish aggregating devices.
(FAD) and related fishing operations; -

(v) Design of live-bait wells in medium size pole
and line boats to operate for 2-5 days at sea.

(vi) Post-harvest technology and product develop-
ment suited for different export markets.

" TUNA RESOURCES



THE NEED FOR AN INTERNATIONAL COMMISSION FOR THE
CONSERVATION OF INDIAN OCEAN TUNA

Many of the problems connected with the manage-
‘ment of the tung fishery transend national boundaries
and EEZ. As discussed earlier, an effective implemen-
“tation of monitoring, control and surveillance cannot
be a function of only the coastal and island states of
‘the Indian Ocean, as foreign countries, particularly
Japan, Taiwan and Republic of Korea are also involved,
Hence, a major international effort is necessary to see
-that the fisheries for the coastal and island states are

.developed and the tuna resources of the Indian Ocean -

are properly managed without generating conflicts or

-developing protectwelexcluswo attitude  which may

.impede long-term policies.

Today's state of affairs permits unlimited entry into
-the tuna fishery and edded to this, estimatex of catch
~and effort are not always available. Information for
biological follow up work on parameters such as size
composition of the catch are wanting. Since a single
population may be spatially distributed over the entire
ocean, management measures for only a part of the
population will be a futile exercise. In the tuns fisheries
a complex aspect is the harvesting of surface species by
one or more methods (live-bait pole and line fishery ;
‘purse seining) and the larger adults by a different
method (longlining). The need for careful monitoring
is evident from the experience gained from the expansion
of the surface fishery in the Atlantic Ocean in 1960’s
which resulted in about 40 percent decline in the catches
of yollowfin tuna in the longline fishery (Joseph and
Greenough, 1979). To add to these another factor to
-contend with is the great mobility of the fishing flests.
Hence, it is desirable to have an ocean-wide organisation
-to effectively collect and disseminate data to help in the
management programmes. To achieve this end inter-
national co-operation is needed.
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It will be necessary to estimate the carrying capac'ty
prosently available in the Indian Ocean for tuna fishing
along with the potential resources that could be tapped
at levels of optimum sustainable yield. This would
also need a centralised monitoring agency to estimate
levels of abundance and effort expended and advise.
The present mandate of the °Indo-Pacific Fisherios
Council’ (IPFC) and ‘Indian Ocean Fishery Com-
mission * (IOFC) will not be able to fulfil these objectives
as in the working of these organisations under the U.N.
thero is even now an anomalous situation where

- ;iOn-U.N. menibers cannot be & party. .

The existing mechanism and the ono that was sug-
gested at the IOFC meeting (1977) is shown in Fig. 114,

This we feel has inadequacies and the time has come

for developing a proper international approach for the
management of the tuna stocks of the Indian Ocean.

‘We propose that this ¢could be achieved better through

an International Commission for the Conservation of

Indian Océan Tuna (ICCIOT). Such a Commission

could play an important rols in designing a coherent

policy for Indian Ocean tuna fishery and help in funding
and co-ordinating programmes on ¢

— Overall monitoring of the stocks including aerial
survey.

— Catch and effort data acquisition mcludmg para-
meters for stock assessment. - _

— Larval abundanee and Recruitment.
— Environmental variability.

— Identification of potential areas for development
of surface and sub-surface fisheries.
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— Assist the states to develop- control measures for
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Fig. 114, Chart presenting the channels of communication between proposed bodies to be set up under IPFC and JOFC to
deal with scientific and administrative aspects of tuna management research and statistics (From IOFC, 1977 by,

managing stocks.

— Advice and ascist island states on specialised

problems in developing tuna fisheries including
setting up of suitable fish aggregating devices.

— Evolve policies and modalities for regulating access

to the fisheries.

— Advise the coastal and island states on stocks,

levels of exploitation and types of effort most
suitable,

. — Better utilisation of by-catch.
— Conduct studies on economic and social aspects
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in the artisannal and small scale tuna fisheries to
suggest planned development of the sector.

- Advise on problems on alternate use of energy in-
fishing and post-harvest technology in tuna
fisheries. This may also include development of
suitable technologies in islands and remote areas -
where infra-structure development involves using:
alternate sources of energy.

For & long-term strategy of Indian Ocean tuna fishery -
management, an International Commission conld be an
effective mechanism. In this context the working of the -
Inter-American Tropical Thana Commission (IATTC),
International Commission for the Conservation of
Atlantic tuna (ICCAT) and South Pacific Commission
(SPC), to mention a few, may be seen for the positive-
results that have emerged in their functioning.

TUNA RESQURCES-
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APPENDIX—I

POLE AND LINE (LIVE.-BAIT) TUNA FISHERY-—PROFORMA 1

TOTAL CATCH
Skipiack kz.
Name of Vessel ; Albacore kg.
Tonnage : Kind of bait : Yellowfin kg
Port of departure ! On Size of bait ¢ Bigeye ka.
Port of arrival : On Amount of bait ¢ Others kg,
Date ; Date : Date: Date : Date : Date ; Date :
Time t Time : Time : Time : Time : Time : Time :
Lat,
Long.
Atmos, temp.
Wind direction & Speed
Surface temp.
Current direction & Speed
Association of shoals
Size of shoals
State of bait-taking

Type and quantity of bait (8coops)

Fishing time From
Fishing Time To
MNumber of gears used

Skipjack (No)

(Average Wt}

Albacore (No)

{Average Wt

Yellowfin including young fishes (No)
{Average W)

Bigeye including young fishes (No)
{Average We)
Oiher fishes

If shoals of bait fishes were found, their
positiot1 and size

Remarks :

Note : Birds/dolphins and other associated organisms observed along with tuna shoals should be reported separately,



APPENDIX—2

SEINER FISHING FOR TUNAS--PROFORMA Il

DATE: _ TOTAL CATCH

Name of Vessel : Skipjack .
Port of departure : On: Albacore ..
Port of arrival : On: Yellowfin
Tonnage of vessed £ _ Bigaye .
Hotrse power : Others o
Number of crew :
Location :

Atmospheric temperature §

Sea surface tempreature @

Wind direction & velocity :

Current direction & velocity 3

State of sea :

Thermocline :  Top depth
Bottom depth

Type of School :
Time set made
Time finished
Skipjack (No)
(Average weight)
Albacore (No)
{Average weight)
Yellowfin, including young fishes
(Average weight)
Bigeye, including young fishes
(Average weight)
Other fishes/associated organisms

Note ;  Birds/dolphins and other associated organisms observed along with tuna shoals should be reported separately.
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APPENDIX—3

PLL

TUNA LONGLINE FISHERY—PROFORMA 11

Departure Arrival
Vessel : Bage: On......o.ouhe at......... ' On........ 8t..iuaan.
Yoyage No. :
A. FISHERY DATA
No. of baskets Total No. Bait Shooting time Hauling time CATCH COMPOSITION (Number of fish) Total Total
shot of hooks From To From To Number Weight
-]
-y
o g =} a =
g 8 5§98 &
= e gﬁ.—,-é ;aagﬁgnoa
: I HENHIHIEE
. = ! = =,
a ;22:::-:3‘:.33 45243488 & 8
B. HYDROGRAPHIC DATA
Position Wind Current Temperature Thermocline
Depth Lat. Long. Timeof Direction Velocity Ditection Velocity Atmosph. Susface  Top Bottom Batomeicr State of Water  Any other
range of obser- depth depth  reading Sea  {ranspar- observation
operation vation ency (specify)

{zmnosn ¥YNDL
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