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Maldives Marine Research Bulletin 3: 180pp I am honoured to be able to introduce this third volume of the Maldives

Marine Research Bulletin. I am especially pleased because this volume
focuses on the most important of our fisheries - the tuna fishery.

The tuna fishery has been the mainstay of our economy for centuries.
Today our fishermen still practice the same type of pole and line fishing
that our forefathers carried out at least more than thousand years ago. This
is a great heritage, which we should be proud to carry forward into the next
millennium.

ISBN: 99915-62-16-8

Today, however, our fishery is threatened, both from without and within, as
never before. High levels of fishing activity by other countries appear to be
adversely affecting catch rates in some parts of the country. The details are
highlighted in this volume, and are a matter of grave concern. At the same
time, changing socio-economic conditions within the country are resulting
in fewer young men entering the fishery. Already the number of masdhonis
actively engaged in fishing has started to decline. This is a trend which, if it
continues, will bring unwelcome changes to the fishery, to island life and to
the nation's economy.Department ofPubljc Examinations Permit No. A-56/98/DPE

({;)1998, Marine Research Centre

Ministry of Fisheries, Agriculture and Marine Resources
Male, Republic of Maldives

It is important to make the most of our tuna resources, and to encourage
active participation in the fishery by the next generation, it is important that
we full use of our entire EEl in the future. But it is equally important that
we strive to manage the fishery in a way that ensures that the tuna stocks on
which we rely so heavily are sustained. This volume will be a vital aid in
our efforts to ensure sustainability. By bringing together so much
information, and highlighting the main areas of concern, it will help to
focus our attention on the key management issues.

I congratulate the authors of this impressive document on our vital industry.
The role played by Maizan Hassan Maniku in fostering an environment in
which such research can be carried out also deserves' special mention. In
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addition, it is a great pleasure to acknowledge the vision of my predecessors
at this Ministry, Mr. Adbul Sattar Moosa Didi, Mr. Abdulla Jameel, Mr.
Abbas Ibrahim and Mr. Hassan Sobir. They all encouraged the research
efforts that have come to fruition with the publication of this volume.

Abdul Rasheed Hussein

Minister of Fisheries, Agriculture and Marine Resources
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FOREWORD

It is a great pleasure to introduce this third volume of the Maldives Marine
Research Bulletin. It deals exclusively, and in great depth, with those most
important of fishes, the tunas. For at least one thousand years, the tuna
fishery has been a mainstay of Maldivian island life and of our national
economy. lndeed, it is difficult to overemphasize the importance of this
fishery in our history and on our national development. It is therefore very
appropriate that this entire volume is devoted to the tuna fishery resources
of the Maldives.

Although building on and reviewing previous studies, this volume presents
many new findings. Particularly exciting are new insights into the role of
ocean variability on tuna abundance. These have enormous implications for
stock assessment, development planning, and our economy. We are now at
the stage of describing the effects of ocean variability (such as that
associated with El Nino events) on Maldivian tuna catches. If we can
understand the mechanisms involved and then learn to predict ocean
variations and consequent variations in our tuna catches, there could be
enormous benefits for our fishery and economy.

Declines in catch rates of large skipjack and yellowfin off the west coast are
shown here to be correlated with the growth of the western Indian Ocean
purse seine fishery. As the authors rightly point out, correlation is not proof
of cause and effect. Nevertheless, this is a particularly worrying
development. lf fishing activity elsewhere in the Indian Ocean is having a
negative impact on our catches, then the future of our fishery is endangered.

Papers in this volume also touch on the momentous socio-economic
changes that are sweeping the country. These are having profound effects
on the tuna fishery. The collapse of the northern troll fishery during the
1980s presents a salutary lesson as to what can happen, almost overnight
and almost unnoticed, even to a well established and biologically sound
fishery. New developments in the pole and line fishery, in particular those
related to the shortage of fishermen, are likely to have enormous, and not
always beneficial, effects on tuna catches and island life.

Despite the wealth of information presented here, much remains to be
discovered about the tuna resources on which we rely so heavily. Therefore,
this should not be thought of as a fmished work. Rather, it is a progress



report. Research on the status of the all-important tuna resources must
continue if we are to continue to enjoy the benefits of the tuna fishery in the
future as we have in the past.

Much of the tuna research work reported here has been carried out by the
Marine Research Center (formerly the Marine Research Section, MRS) over
the last few years and was funded by the World Bank / IDA Third Fisheries
Project (Tuna Research Component). To the funding agencies and project
directors we extend our sincere thanks.

A special thank you must also go to the former Ministers of Fisheries, and
Fisheries and Agriculture, Mr. Abdul Sattar Moosa Didi, Mr. Abdullah
Jameel, Mr. Abbas Ibrahim and Mr. Hassan Sobir, all of whom actively
encouraged the research efforts that have culminated in the publication of
this volume. We welcome Mr. Abdul Rasheed Hussein as Minister of
Fisheries, Agriculture and Marine Resources, and look forward to further
developing our research activities under his leadership.

The staff of MRC who have worked so hard are to be congratulated on their
'efforts. In addition to the authors of the various papers presented here, the
work of other members of MRC who have contributed in many ways
towards this publication deserves mention. MRC staff members have
assisted in field work from tagging to gonad sampling; with the regular
Male market sampling programme; and with compilation of data. These
unglamorous tasks provide the information from which volumes such as this
one can 'grow. The importance of such work can only increase in the years
ahead.

Maizan Hassan Maniku
Director General

Ministry of Fisheries, Agriculture and Marine Resources
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Hon. Hassan Sobir, former Minister of Fisheries and Agriculture, Mr.
Maizan Hassan Maniku, Director General, and Mr. Ahmed Hafiz, Director,
Marine Research Section, have all greatly facilitated and encouraged the
production of this volume, and the study that led to it.

Our colleagues on the staff of the Marine Research Section (now the Marine
Research Centre) have all contributed in many ways, We extend our
profound thanks to them all, although particular mention must be made of
the members of the offshore fisheries unit. In addition, Mr. Ali Waheed
provided much stimulating discussion, Mr. Ali Naeem kindly provided
information on the FAD programme. The Economic Planning and
Coordination Section of the Ministry of Fisheries and Agriculture, and the
Indo-Pacific Tuna Programme, Colombo, provided copies tuna catch and
effort data and other assistance. Mr, Hassan Rasheed of EPCS and Dr.
Alejandro Anganuzzi were particularly helpful. Professor Franyois
Doumenge kindly provided information on Valentin Fernandes. Mr. Adnan
Ali of MIFCO generously provided data and shared his great knowledge of
the Maldivian fishery. The length frequency analysis programmes used in
the analysis of kawakawa growth (section 5.5.3) were kindly provided by
the British Overseas Development Administration.

This study was largely funded by the World Bank / IDA under the Maldives
Third Fisheries Project Tuna Research Component. We are most grateful
for that support, Mr. Shiham Adam is partly funded by an Islamic
Development Bank Merit Scholarship. Dr. Oliver Scholz was partly funded
by the Australian Overseas Service Bureau; both that funding and his
assistance with compilation of length frequency data for all four major tuna
species are gratefully acknowledged.
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THE TUNA FISHERY RESOURCES
OF THE MALDIVES

1. INTRODUCTION

R. Charles Anderson, Zaha Waheed and M. Shiham Adam

1.1. BACKGROUND

The tuna fishery is one of the pillars of the Maldivian economy, It provides
a major source of employment, a major source of food, and a major source
of export earnings. Recent annual fish catches have been of the order of
100,000t, of which tuna contributed nearly 90,000 t.

The Maldivian tuna fishery has been in existence for centuries. It is a
livebait pole and line fishery, which targets surface swimming tunas,
notably skipjack and juvenile yellowfin. Tuna remains the favourite food of
most Maldivians to this day. In former times, much of the catch was
processed to make hikimas or 'Maldive fish', a boiled, smoked and dried
product. This was exported as far afield as Yemen and Sumatra, but mostly
to Sri Lanka, where it was sold to buy rice and other necessities,

There is some evidence that tuna fishing was an important activity in the
Maldives before the conversion to Islam in AH548 (AD1153-4), However,
the first detailed record was provided by the great Arab traveller Ibn
Battuta. He described the preparation and consumption of Maldive fish at
the time of his visits in 1343-44 and 1346 (Gray, 1889; Gibb, 1929). A later
Portuguese visitor, Valentin Fernandes, gave a clear description of livebait
pole and line fishing and Maldive fish preparation in 1507 (Fitzler, 1935),
Franyois Pyrard de Laval, a Frenchman who was shipwrecked in the
Maldives in 1602 and left the most comprehensive early account of the
islands, also noted the fishery (Gray, 1889).

75°

The tuna fishery as described by these early travellers remained almost
unchanged right up until the early 1970s. During the following decade the
fishery underwent a revolution. The basic fishing method, fishing with
livebait pole and line, remained much as before, but most other aspects of
the fishery changed dramatically. The stimuli for these changes were the
collapse of the traditional Sri Lankan market for Maldive fish; the
development of tourism in the Maldives; and the mechanization of the
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fishing fleet. The socio-economic consequences of these developments have
been far reaching (see section 1.3).

Although the Maldivian tuna fishery has survived for centuries, the
resources on which it is based are now being exploited at a higher level than
ever before. Major tuna fisheries have developed in other coastal countries,
notably India, Indonesia, Iran, Oman and Sri Lanka. Starting in the 1950s,
large-scale tuna longlining has been carried out in the Indian Ocean by
fleets from Japan, Taiwan and Korea. Starting in the 1980s, large scale tuna
purse seining has been carried out by fleets from France and Spain (based in
Seychelles) as well as vessels from other countries including Mauritius and
Japan. For the Indian Ocean as a whole, total recorded tuna catch trebled
from 378,000 t in 1984 to 1,107,000 t in 1995 (IPTP, 1996a & 1997). As a
result of these developments, the Maldivian share of the total Indian Ocean
tuna catch has declined from a historical level that may well have been in
ex(;ess of90% to roughly 10% now.

The two main species caught in the Maldives (skipjack and yellowfm tuna)
are both considered to be highly migratory. As such, they are not confined
to anyone national jurisdiction, but freely move between different
Exclusive Economic Zones (EEZs) and High Seas waters. A skipjack in
Seychelles waters one season might be in Maldivian waters the next. Or a
yellowfin tuna in the Sri Lankan EEZ one day might pass into the
Maldivian EEZ the next.

Because the main species targeted are migratory, there is a real concern that
Maldivian tuna catches will be adversely affected by the great increase in
tuna fishing effort elsewhere in the Indian Ocean. Already there are signs
that this may be happening. In recent years, skipjack catches have stagnated
and average sizes have declined; in particular, catch rates of large skipjack
on the northwest side of the Maldives have fallen in parallel with the rise of
the western Indian Ocean purse seine fishery (section 2.3.1). For yellowfin
tuna, the total Indian Ocean catch peaked in 1993, and may be close to the
maximum sustainable yield. Once again, catch rates on the northwest side
of the Maldives have dropped (section 3.3.2). However, it is not yet known
for sure if these changes have been brought about by high levels of fishing
elsewhere in the Indian Ocean, or by some other agency such as changing
oceanographic conditions (section 1.4).

A collapse of the tuna fishery would be a catastrophe for the Maldives.
There is therefore a clear need for a better understanding of the dynamics of
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tuna populations in and around the Maldives, in order to provide the
information required for managing sustainable utilization. The aims of this
report are to present a summary of current knowledge of the tuna fishery
resources in the Maldives, and to highlight areas where further research is
required to meet this goal.

This introduction has two aims. First, to provide an overview of the fishery,
so that the subsequent discussions of resources can be viewed in context.
Secondly, to present data and information that apply to the fishery as a
whole, so that they do not have to be repeated in each of the following
chapters.

1.2. THE TUNA FISHERY

1.2.1. Species Composition

The tuna fishery is the most important fishery in the Maldives. The catch of
the main tuna species together averages 89% of the total recorded national
fish catch (Table 1.2). It should be noted, however, that the catches of non-
tuna species are seriously underreported. The ~aldivian tuna fishery is
based on four main species, namely skipjack, yellowfin, frigate tuna and
kawakawa (or eastern little tuna). In addition to these four main species,
three other tuna species are caught in smaller quantities:

English Name Scientific Name Dhivehi Name 1997 Catch

69,015 t
13,029 t
2,488 t
2,088 t

490 t
(500 t)

(25 t)

Skipjack tuna Katsuwonus pelamis Kalhubilamas
Yellowtin tuna Thunnus albacares Kanneli
Frigate tuna Auxis thazard Raagondi
Kawakawa Euthynnus affinis Lalli
Dogtooth tuna Gymnosarda unicolor Woshimas
Bigeye tuna Thunnus obesus Loabodu kanneli
Bullet tuna Auxis rochei Raagondi

Note: Catch data from MOFAlEPCS; numbers in brackets are estimates by MRS

Skipjack (Katsuwonus pelamis) is by far the most important fish species
caught in the Maldives (section 2). Recorded catches in 1994-97 were about
69,000 t per year. Skipjack contributed an average of about 68% to the
entire national fish catch, and about 75% to the recorded tuna catch during
the period 1970-97. Skipjack tuna catch rates peaked in 1988-89, when
skipjack contributed a record 86% to the total tuna catch. After that catch
rates declined, and did not recover until 1994-95. Skipjack catches are made
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almost exclusively by pole and line, with mechanized pole and line vessels
(masdhonis) now accounting for 99% of landings.

Yellowfin tuna (Thunnus albacares) is the second most important fish
species in the Maldives (section 3). Yellowfin catches increased to record
levels in 1994-97, when they averaged nearly 12,800 t per year. Yellowfin
contributed an average of about 11% to the entire national fish catch, and
about 13% to the recorded tuna catch during the period 1970-97. Until
recently the yellowfin fishery was almost entirely for surface swimming
juveniles. These occur seasonally, off the west coast during the southwest
monsoon season and off the east coast during the northeast monsoon. In the
last few years as new markets have developed, large yellowfin have been
caught in increasing numbers. Juvenile yellowfin are caught almost entirely
by pole and line, while large yellowfin are caught mainly by handline, troll
and longline.

Frigate tuna (Auxis thazard) is the third most important tuna species in the
Maldives in terms of catch weight (section 4). Recorded catches in 1993-96
averaged 5000 t per year, but dropped to 2500 t in 1997. Frigate tuna
contributed an average of nearly 7% of the total tuna catch during the period
1970-97, In 1973 it contributed a record 20% to the total tuna catch.
Although 1996 was another bumper year, the relative importance of frigate
tuna has decreased in recent years, with its contribution to total tuna catch
averaging less than 5% during the decade 1986-97. The bulk of the frigate
tuna catch is made by livebait pole and line, although about 10% is caught
by trolling.

Kawakawa, or eastern little tuna (Euthynnus affinis) is the fourth most
important tuna species in the Maldives (section 5). Average recorded catch
during 1993-96 was 3200 t per year, but this dropped to 2100 t in 1997.
Kawakawa contributed an average of 3% to the total recorded tuna catch
during the period 1970-97, It is more closely associated with the atolls than
the other major tuna species, and in consequence is taken in larger
quantities by inshore trolling vessels. 39% of the total kawakawa catch was
made by trolling vessels during the period 1970-97, the rest being made by
pole and line vessels. An even higher proportion of the catch (62%) was
made by trolling vessels during the period 1970-85. Since the'mid-1980s,
trolling vessel activity has declined dramatically.

In addition to these four main tuna species, a number of other tunas do
occur in Maldivian catches. Bigeye tuna (Thunnus obesus) is not
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uncommon, but catches are not distinguished from those of yellowfin tuna.
Current pole and line catches are estimated to be of the order of 500 t per
year (Anderson, 1996). This species is discussed in section 3.10.1. Bullet
tuna (Auxis rochei) is taken in both the troll and pole and line fisheries, but
catches are not distinguished from those of frigate tuna. Current catches
may be less than 100 t per year. This species is discussed in section 4.10.1.
Dogtooth tuna, Gymnosarda unicolor, is a reef associated species. It is not
taken in the pole and line fishery, and only small numbers are taken in the
troll fishery. Catch statistics have been collected by MOFA since 1984
(Table 1.1). It is not considered any further here. Two other species that
have been recorded from Maldivian waters are the albacore tuna (Thunnus
alalunga) and the longtail tuna (Thunnus tonggol) (Anderson, Randall and
Kuiter, 1998).

1.2.2. Species interactions

In this review, the four main tuna species are treated separately and more-
or-less independently. It should be kept in mind, however, that they do not
live in isolation. Tunas often school together, particularly when small and
with other tunas of the same size, for example skipjack with juvenile
yellowfin, and frigate tuna with kawakawa. The extent to which different
tuna species compete for food is unknown, as is the extent to which they
prey on smaller individuals of other tuna species, and indeed of their own
species.

Not only do tuna species interact with each other, but they also interact with
other types of marine animals, as predators, prey and competitors. Some
fish species that are regularly associated with oceanic tuna schools are listed
below:

English name Scientific name Maldivian name Interactions

Silky shark
Oceanic whitetip shark
Rainbow runner
Dalphinfish
Ocean triggel;fish
Driftfish
Flying fish

( 'archarhillllsfaiciformis
(:archarhillu,,'lolIgimallll.l'

/ilagati.l' hipilllllliafa
(:oryphaella hippurll.l'
Callfhidermi.l' maculatus

I'selles spp,
JixocoefU", l'olitall.l' (& others)

Oil'aali miyam, aillllmiyam
Fee kanfaiy miyanl

Maaniyama.l'
Fiyala
Oil'aali rondu
'Oimas'

Fulhangi

Predator
Predator
Competitor
Competitor
?
Prey
Prey

Included above is an indication of the likely interactions of each species
with tunas. Interactions will to a large extent depend on size: all species are
likely to be competitors to tunas of the same size, while many fish will fall
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prey to tunas that are larger than themselves but be predators of tunas that
are smaller.

Several of these species are taken as by-catch in the pole and line fishery.
Rainbow runner is probably the most frequently taken, although there are no
catch data. Silky sharks ate also taken, the juveniles as by-catch in the pole
and line fishery, and adults by longline. The interactions of silky sharks and
tunas are believed to be of particular importance by Maldivian tuna
fishermen (Anderson and Ahmed, 1993; Anderson, Hafiz and Adam, 1996).
Fishermen consistently report that the taking of silky sharks from tuna
schools reduces subsequent tuna catches. They also report that catching of
oceanic sharks by longline reduces tuna catches. The reason for this is
'unknown, but suggests some as yet unknown behavioural or ecological
interaction.

For Maldivian tunas, it is clear that inter-specific interactions are poorly
understood, and so they are not dealt with further in this review. It is also
clear, however, that a full understanding of tuna population dynamics will
not be possible without some understanding of their ecological interactions.
This is an area that requires further study. The interaction of large yellowfin
tuna and dolphins is briefly discussed in section 3.10.2.

The selective effects of fishermen must also be kept in mind. For example,
Maldivian pole and line fishermen favour skipjack tuna over any other
species; therefore, when skipjack is abundant other tuna species may be
caught in particularly low quantities, even though they may not be
particularly scarce (section 4.3). As a second example, the low catch rates
of yellowfin tuna by trolling vessels in the north of Maldives might be the
result of high inshore catches of other species, notably kawakawa and
frigate tuna, rather than being an indication of the scarcity of yellowfin tuna
(section 3.3.1).

1.2.3. The Fishing Fleet

There are two main types of fishing vessel involved in the Maldivian tuna
fishery. The larger type is the masdhoni. 'Mas' means fish, or more
specifically skipjack tuna, so a masdhoni is simply a tuna fishing boat.
Masdhonis are made of wood and are typically about 9-14 m long (boats are
traditionally me'!sured in riyan, which are equal to 27 inches). TJ:1ereis a
platform at the stem (jenfilaa or filaagandu), where the fishermen stand
when pole and line fishing. Most ofthe rest of the boat is open. The hull can
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be flooded (by pulling out bungs in the sides) so that livebait can be carried
on board.

The masdhoni fleet was traditionally sail (and oar) driven; Mechanization of
the fleet started in 1974 when a single masdhoni was equipped with an
inboard diesel engine. Mechanization progressed rapidly, with over 800
masdhonis being mechanized by the end of 1980 (Table 1.3). Also by the
end of 1980, 92% of the masdhoni tuna catch was made by mechanized
vessels. Engines of 22-33 HP were used.

For several years after mechanization started, masdhoni design varied little
from its traditional pattern. The only major modifications required were to
the stern, to accommodate the propeller, and in the construction of a
watertight engine compartment. A 'second generation dhoni' w'as
introduced from 1983. These vessels are built to a standard design at a
government boatyard at R.Alifushi (other vessels are usually built
individually on the owners' islands). Second generation dhonis are 45' long
(13.5 m) and have a number of design improvements over the original
dhonis:

. They are built from planks of imported hardwood, rather than local
coconut lumber. This requires much less wood.. They are designed as mechanized vessels, rather than as modified sailing
vessels. They are strengthened to carry an engine, and have a stem
transom.

. Related to this, the stem fishing platform is an integral part of the
structure of the second generation dhonis, rather than a separate
addition. This gives more room for the fishermen to stand while
fishing.. Much of the deck is planked over, rather than left open, as in most

traditional masdhonis.

Between January 1983 and December 1997, a total of 262 second
generation dhonis were built at the Alifushi yard. Nearly all were sold as
tuna fishing boats for use in the south of Maldives. Several of the design
features have been adopted by traditional boat builders and are now
incorporated in their designs, so that the distinction between the Alifushi
'yard dhonis' and those built elsewhere is diminishing.

Over the last decade there has also been a trend towards building larger and
faster masdhonis. Fishermen like faster boats because they waste less time
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travelling, can go further in search of tuna, and can return to sell their catch
ahead of other boats. Since skilled fishermen are in short supply on many
islands (section 1.3), boat owners who want to stay in business have had to
respond to this demand. The trend towards bigger and faster masdhonis is
now entering a new phase. During 1994-96 about a dozen very large
masdhonis, of about 20-25 m LOA, equipped with 85-140 HP diesel
engines were built by private boatowners. Several have a small forward
cabin, and some have forward wheel houses. In response to this demand for
larger and faster vessels, in mid-1997 the Alifushi boatyard started
production of a 'new version' dhoni, which is 50' long (15 m) and equipped
with a 78 HP four cylinder engine.

Vadhu dhonis are built on very similar lines to the masdhonis, but they are
smaller. They average about 5-8 m in length. 'Vadhu' is a feather lure used
in trolling, so a vadhu dhoni is a trolling boat. Most are still sail powered,
but an increasing number have been mechanized in the last few years (Table
1.4), using both outboards and small diesel inboard engines. There are
typically 2-3 crew when trolling for tunas. Vadhu dhonis are also used
extensively for local transportation and reef fishing.

Small wooden rowing boats, or bokkura, are not normally used for tuna
fishing. Instead they are used for transferring crew to and from masdhonis
moored in island lagoons, and transporting the tuna catch to the island. In
the far north of Maldives, a more stream-lined form of rowing boat, known
as a saki dhoni, is sometimes used for trolling, particularly when the wind is
too light to use a sailing vadhu dhoni.

Throughout this report the terms 'pole and line vessel' and masdhoni are
used interchangeably, as are 'trolling vessel' and vadhu dhoni. Waheed and
Zahir (1990) gave brief descriptions of Maldivian fishing vessels, and
detailed descriptions of fishing gear. Shafeeg (1991) provides a thorough
review of Maldivian boat construction. The total numbers of masdhonis and
vadhu dhonis registered for fishing are presented in Table 1.4; the numbers
actually engaged in fishing are presented in Table 1.5.

1.2.4. Livebait

Over 90% of the Maldivian tuna catch is taken by pole and line. The pole
and line fishery in fact comprises two separate fisheries: an offshore one for
tunas and an inshore one for livebait. The existence of abundant livebait
resources is therefore vital to the prosecution of the Maldivian tuna fishery.
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Livebait are normally caught first thing in the morning, adjacent to reefs
inside the atolls. A simple liftnet is used. Livebait fishing at night using
lights was not traditionally practiced in the Maldives, but it became
established in Addu Atoll, apparently in the 1970s. It subsequently spread to
other southern atolls and is now has started starting to spread through the
rest of the country (Anderson, 1997b; Anderson, Waheed and Nadheeh,
1997). The current national catch of livebait is roughly estimated at just
over 10,000 t per year (Anderson 1994 & 1997a). The major livebait
species, together with rough estimates of their contribution to the total
livebait catch (Anderson, 1997a) are listed below:

English name Species Maldivian name Percentage

Silver sprat
Fusiliers
Cardinalfishes
Anchovy
Blne sprat
Others

Spratelloides xracilis
Various Caesionids

Various Apogonids
F/lcrasieholi/la heteroloha

Spratelloide,\' delicatulu,\'
Various species

38 x 10 %
37 0109%
100103%
70102%
50101%
20102%

lIeh!

Muplraan
Boadhi &fatha
Miyaren
Ho/ldeli

Nilall/ehi, hureki, gull/halha

Reviews of the Maldivian baitfishery are provided by Anderson and Hafiz
(1988; later reprinted in a revised form by Maniku, Anderson and Hafiz,
1990) and Anderson (1997a). Some early descriptive accounts of the tuna
fishery include some information on livebait (Jonklaas, 1967; Munch-
Petersen, 1980). Accounts of livebait fishing methods are given by
Anderson (1983 & 1995), Liews (1985) and Waheed and Zahir (1990). The
major bait varieties used are described by Anderson and Hafiz (1984). The
biology of some species is discussed by Blaber et al. (1990), Milton et al.
(1990a & 1990b) and Anderson and Saleem (1994 & 1995). Estimates of
the size of the livebait fishery are provided by Anderson and Hafiz (1988)
and Anderson (1994 & 1997a). Management issues are discussed by
Anderson and Hafiz (1988), Wright (1992), Anon (1997) and Anderson
(I 997a).

1.2.5. Pole and Line Fishing

Tuna fishing is carried out on day trips. Pole and line fishermen typically
leave their islands around dawn to catch livebait on nearby reefs within the
atoll. Once sufficient bait has been obtained the masdhonis move outside
the atolls to search for tuna schools.
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Tuna schools are located by the presence of seabirds, the presence of other
fishing boats, near drifting objects and FADs, by trolling, and by surface
activity of the tunas themselves. Seabirds are the most important indicators
(Shafeeg, 1991 & 1993; Anderson, 1996), with perhaps as many as 90% of
non-FAD associated schools being located in this way. Many species of
seabirds are used as indicators of tuna, but the most important single species
appears to be the Brown Noddy, Anous stolidus. The decline in numbers of
some species of seabird in the Maldives is a matter of concern and deserves
urgent attention.

Fishing takes place from the stem platform. 2-8 fishermen stand on the
platform facing aft, and fish the area immediately astern of the boat. Water
is sprayed from the stem. Traditionally, this was done by hand, with two or
more crew members dedicated to the task. They used splashers made from
coconut flower guards, known as fenfulhafi. Mechanical water sprayers
were introduced in 1990 (Anderson and Waheed, 1990), and by 1995 had
replaced hand-spraying throughout the country.

Livebait are thrown by the chummer (en keyolhu) over the sides of the
masdhoni, towards the stem. These baitfish draw the tunas towards the boat
and the fishermen's poles. If the bait are too active, and are moving away
from the boat, the chummer will squeeze them before they are thrown into
the sea.

Barbless hooks are used. The traditional Maldivian hook is C- or ?-shaped,
has a broad flattened shank, and is tinned. The broad shank appears like a
silvery fish when the hook is in the water, and so the hook acts as both lure
and hook. Japanese-style hooks were introduced in the 1970s and locally
made varieties (known as Japan buli or Sara buli) are now popular. These
hooks have attached feathers, which act as a lure (Waheed and Zahir, 1990).
Because both types of hook have integral lures, they are usually deployed
unbaited,althoughbaitfish may be put on the hook if the tunas are not
biting well.

The hooks are attached to the poles with nylon fishing line of60-180 Ib (27-
82 kg) breaking strain (Waheed and Zahir, 1990). The line is tied to the tip
of the pole, and then again several inches below the tip; this prevents the
loss of fish, line and hook if the tip of the pole breaks. The line is tied off to
such a length that the hook just reaches the base of the pole; hooking it
under the bottom rim of the pole prevents tangles when the poles are not in
use.
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Traditionally, fishing poles were of bamboo. Nowadays, glass fibre rods are
more popular, because they are stronger. A variety of pole sizes are used,
each vessel carrying 20-40 or more poles. Longer or shorter ones can be
used, depending on how closely the tunas approach the vessel; stronger or
finer ones are used, depending on the size of the tunas. The shorter and
stronger poles have thicker lines and larger hooks.

Once hooked, the fish are pulled inboard. Because the hooks are unbarbed,
the tunas come off the hooks once the strain is off the line. The fishermen
try to have their fish come off the hook, fly forward, and hit the wooden
board (mas kandhu) set up across the vessel between the mast and the
engine. The tunas then drop back down into the fish well. The master
fishermen have the prime positions at the very stem, with more junior
fishermen standing behind them (i.e. .further forward on the fishing
platform). Junior fishermen have to dip their fishing poles to allow the
tunas caught by fishermen standing in front (astern) of them to pass.

When fishing on a school is finished, the captured tunas are lifted out of the
fish well and stacked, belly up, on shelves below deck or on deck (in which
case they are often covered with the bait net). Searching continues for other
tuna schools. The masdhonis return to their atolls in the afternoon or
evening. Fish may then be sold to the cannery, to one of the two freezer
plants or to a freezer or collector vessel, to Male market, or taken back to
the island for processing.

1.2.6. The Troll Fishery

As with pole and line fishing, trolling is carried out on day (or part-day)
trips. Trolling is widely believed to be most successful in the early morning
and late afternoon (Waheed and Zahir, 1990). Trolling speeds of about 4-5
knots are preferred (Waheed and Zahir, 1990), so wind conditions must be
suitable. The main target species is kawakawa (latti) although frigate tuna
and other species are also taken. When trolling for small tunas, nylon lines
of about 30-50 lb (14-23 kg) breaking strain and small hooks (number 12-
15) are used (Waheed and Zahir, 1990). Lures are locally made,
traditionally using feathers, but these days more often using plastic. Two or
three lines are normally towed at once, each with a single hook. However,
Some boats tow up to five lines using outriggers, and others use several
hooks per line.
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Vadhu dhoni fishing enjoyed a burst of popularity in the late 1970's during
the period of masdhoni mechanization. Since then the troll fishery has
almost collapsed, with the number of active trolling vessels and number of
days fished by trolling vessels (Table 1.5 & 1.6) being now at their lowest
level for, possibly, hundreds of years. The reasons for this collapse are
thought to be socio-economic, but have not been studied.

Trolling was traditionally far commoner in the north of Maldives than in the
centre and south. This is almost certainly because the main target species
(kawakawa and also frigate tuna) are commoner in the north than in the
south (Anderson, 1992 & 1993; sections 4 & 5). The collapse of the
traditional troll fishery is therefore believed to have had a much greater
socio-economic impact in the north of Maldives than in the centre and
south.

Note that this section has dealt only with the traditional vadhu dhoni troll
fishery for tunas. Trolling is also carried out by masdhonis and transport
vessels, while travelling, and these days also by tourist boats. Separate
records of these catches are not maintained. A small but growing big game
fishery has started, which targets sailfish, wahoo and other larger species
(Anderson, Hafiz and Adam, 1996).

1.2.7. The EEZ Fishery

The Maldives declared a 200 mile Exclusive Economic Zone (EEZ) in
1975. The outer boundaries of this area were rectangular and did not
comply with the rules for designation of such boundaries set out under the
Law of the Sea. Accordingly, new EEZ boundaries were declared in June
1996. These boundaries adjoin those of India (Lakshadweep) to the north,
mainland India and Sri Lanka to the northeast and the British Indian Ocean
Territory (Chagos) to the south.

Within the 200 mile EEZ, there is a central 'Coastal Fishing Zone' which
extends for 75 miles in all directions from the atoll baseline. This area is
reserved for Maldivian fishermen only. The area from 75-200 miles is
commonly referred to in Maldives as the EEZ. Foreign fishermen are
allowed to operate in this offshore area, under licence. Only longlining and
trolling are allowed; purse-seining and gillnetting are specifically banned.

Far Eastern longliners operated in the area of what is now the Maldivian
EEZ since about 1954. Klawe (1980) summarized some information on
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longline activity in the area during the 1970s. Anderson and Waheed (1990)
provide a summary of information obtained during an exploratory offshore
fishing survey, carried out from 30-100 miles offshore from the eastern side
of Maldives during 1987-88. Anderson, Hafiz and Adam (1996) provide
information on EEZ fishing activity during 1994. Licences to fish in the
EEZ are issued by the Ministry of Trade and Industries. Catches are
supposed to be reported to the Ministry of Fisheries and Agriculture, but in
practice are often not reported or under-reported. Better monitoring of the
EEZ fishery would be desirable.

In recent years relatively large numbers of Sri Lankan fishing boats
(combination 10ngline-giIlnetters)have been caught while fishing illegally
in the Maldivian EEZ, most commonly during the northeast monsoon
season.

1.2.7. Infrastructure, Processing and Exports

Tuna, and particularly skipjack tuna, is the favoured fish of most
Maldivians, and so a large proportion of the tuna catch is consumed locally.
The balance is exported. The traditional export product was 'Maldive fish'
or hikimas, a boiled, smoked and dried similar to the Japanese katsuobushi.
Hikimas was exported as far as Yemen to the west and Bengal and Sumatra
to the east. However, for centuries the main market for hikimas was Sri
Lanka, until that market collapsed in the early 1970s because of an
economic crisis there. As a result, exports were swiftly changed to frozen
and canned tuna.

There is a tuna cannery at Felivaru in Lhaviyani Atoll. Originally built in
1978 by a Japanese fishing company, it was taken over by the government
of Maldives in 1984. The cannery was upgraded in 1986 and the associated
freezers were upgraded in 1987. Present nominal canning capacity is 50 t
per day, although 60 t per day has been achieved with large fish. Current
freezer capacity is 750 t. During 1993-5, two other land-based freezer
facilities were built. One at G.A.Koodhoo has a daily freezing capacity of
120t, and a storage capacity of 1800t. The other at L.Maandhoo has a daily
freezing capacity of 50 t and a storage capacity of 1000 t.

In addition to these land-based facilities, MIFCO maintains a fleet of freezer
and collector vessels. In 1998 there were:
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. ]0 freezer vessels with a total daily freezing capacity of ]46 t and a
storage capacity of 3020 t.
9 ice-carrying collector vessels with a total holding capacity of ]38 t.
10 refrigerated seawater (RSW) collector vessels with a total holding
capacity of 256 t.

..
A summary of tuna exports is provided in Table 1.8. The export weights
presented are of actual weights; average yields from fresh fish are:

Maldive fish
Salt dried tuna
Canned tuna

20%
33%
33%.

1.3. SOCIO-ECONOMIC BACKGROUND

The Maldivian tuna fishery was probably little changed from before the
time of Ibn Battuta's visits in the 14thcentury, right up until the beginning
of the 1970's. Since then, however, there have been enormous changes in
the fishery. The actual method of catching tunas, i.e. by pole and line using
livebait, has always been extremely efficient. It remains unchanged in the
essentials, although there have been many changes in the details, for
example with the replacement of bamboo poles by glass fibre ones, the use
of 'Japanese' hooks, and the use of mechanical instead of hand sprayers.
Almost everything else related to the fishery has changed radically. Three
things happened in the early 1970's that triggered these changes:

. In 1972, tourism started. This not only created new jobs, but also
hastened the change to a cash economy and a consumer society.

In ]974, the first masdhoni was mechanized. At a stroke, the catch of a
masdhoni could be doubled. On top of this, the number of crew
needed to man a mechanized masdhoni was less than that needed to
man a sailing one.

During the early 1970s, the traditional Maldive fish export market in Sri
Lanka collapsed. The Government acted quickly (with foreign
inputs) to identify alternative markets and to develop the
infrastructure for collecting and exporting new products (notably
frozen and canned tuna, see section] .2.7).

.

.

Despite the potential benefits of mechanization and these other
developments, the late 1970s saw a significant drop in actual masdhoni
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fishing effort (Fig. 1.5) and a stagnation in catches (Fig. 1.2). The reasons
for this included the following:

. Sailing masdhonis were unable to compete with mechanized masdhonis
at tuna fishing, so dropped out of the fishery at a faster rate than they
were replaced by mechanized boats.. The mid- to late] 970s saw a rapid expansion of tourism in Maldives.
This new industry created a large new labour market, employing
many workers who might otherwise have been employed in the
fishery. Whether the tourism industry simply soaked up excess
workers who were being displaced from the fisheries sector by
mechanization, or actively drew off workers is a moot point.. At the same time, there were some early problems with the
mechanization program, for example with fuel distribution, and with
engine repair and maintenance. Also, some mechanized masdhonis
were co-opted at least part time as transport vessels. As a result
mechanized masdhoni effort did not increase as rapidly as it might
have done.

Because of these problems, the benefits of mechanization in terms of
increased total catch were not seen immediately. Indeed, in not one of the
years 1975-83 did total tuna catch reach the level set in 1974 (Table 1.1).
Nevertheless, the advantages of having an engine were so great that by
1983, 95% of masdhoni fishing effort was made by mechanized vessels.
Sailing masdhonis had effectively been displaced from their traditional tuna
fishing role and were relegated to reef fishing and other, non-fishing
activities. This period of transition, during which the masdhoni fleet
suffered many operational problems, left many pole and line fishermen
underemployed, as a result of which trolling enjoyed a brief burst of
popularity (see section] .2.6).

Only after 1983 were early problems and constraints resolved, and then
masdhoni fishing effort and fish catch soared (Tables 1.1, 1.2, 1.3 and Figs.
1.2, 1.5). More recently, however, a new trend has become apparent. The
number of mechanized masdhonis active in fishing, which had increased
every year up until 1993, is now declining (Table 1.4). This is thought to be
a direct resuIt of a national shortage of fishermen.

The numbers of fishermen are recorded in two separate datasets (Table 1.7).
Occupation is recorded in the national census (now taken every five years).
Numbers of fishermen are also recorded in MOFA's monthly catch and
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effort statistics. The two data sets should be more or less the same since
both purport to record the number of active fishermen. Under the national
census, occupation is recorded as the predominant income earning activity
during the previous month. In the MOFA statistics, only full time fishermen
should be recorded, but in practice many part time and 'potential' fishermen
appear to be included as well. Whatever the differences between the two
data sets, it is clear that the number of fishermen as a percentage of the total
population has decreased dramatically overthe last 20 years. The number of
full time fishermen has also decreased, although the number of men who
work in fisheries part time has increased.

Shortage of fishermen is one of the main problems facing the fishery today,
and one that is almost certainly going to become much more serious in the
future. Few young men are entering the fishery. The reasons for this include
the low perceived status of fishermen; widespread education in the atolls
(leading to increased expectations); increased employment opportunities in
other sectors; and high reliance on remittances in some islands. Income is
not believed to be a major factor in limiting entry to the fishery since
fishermen can make a very good living, but many young men would rather
be unemployed than go fishing.

The lack of fishermen is already leading to problems for many boatowners,
who cannot find crew for their masdhonis. It is because of this constraint
that the number of active mechanized masdhonis has been decreasing in
recent years (Table 1.5). It has also led to changes in the traditional share
system (Willmann, 1986; Ramsey, 1988): owners now take a smaller share
in order to pay more to masterfishermen. Shortage of fishermen is also a
factor in the development of the new class of large masdhonis (section
1.2.3). The advantages of larger and faster boats are that they can travel
further for the best livebait, fish and markets; they can return quickly from
fishing to sell their catch before other boats; and they are more comfortable.
As a result of these advantages it is easier for owners of large boats to
attract crew than it is for owners of more traditional masdhonis.

Owners report that these large boats are capable of landing 400-500 t of
tuna each per year. It might therefore be possible to maintain the current
national catch of about 100,000 t with about 250 large masdhonis, rather
than the current fleet of 1400 vessels. The larger vessels require slightly
larger crews, but it is nevertheless possible to envisage the national catch
being maintained despite a further halving of the number of full-time
fishermen. It certainly seems likely that the fishery will become more
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concentrated, both in terms of numbers of active boats, and of numbers of
active fishing islands. In the past, Maldives could be thought of as a country
of some 200 tuna fishing islands; already today that is no longer true.

These changes in the fishery deserve detailed study. In the medium to long-
term, they may have a greater impact on total Maldivian tuna catch than any
variation in tuna stock size and availability. Furthermore, the socio-
economic impact of these changes on the island communities is likely to be
profound and not always beneficial.

1.4. OCEANOGRAPHY

Of all the fishes, the tunas are among the most supremely adapted to the
oceanic environment. They are thus among the. most responsive to its
variations. An understanding of the changes in the distribution and
abundance of tunas around the Maldives therefore requires an
understanding of the variations in oceanographic conditions in the central
Indian Ocean. For example, tunas are known to be sensitive to variations in
temperature and oxygen content, and to aggregate in the vicinity of thermal
fronts and of seamounts and oceanic islands (Fosberg, 1989; Sharp, 1978,
1979& 1992; Sund, Blackburn and Williams, 1981).

1.4.1. Spatial Variations

The Maldivian atoll chain stretches nearly 900 km from Ihavandhipolhu at
about 7°N to Addu at about 0O30'S(Fig. 1.1). Oceanographic conditions
vary along this great length (Anderson, 1992; Woodroffe, 1992) and so too
does the abundance of different tuna species. For example, frigate tuna and
kawakawa are most abundant in the north of the Maldives (see sections
4.3.2 & 5.3.2), while bigeye tuna is commonest in the south (Anderson,
1996). Anderson (1992; Anderson and Saleem, 1994) suggested that the
Kudahuvadhoo Channel at about 2°40'N, which separates the central double
chain atolls from the southern single chain atolls, is an important boundary
or transition zone for many Maldivian fish species. However, with more
data now available for tunas it appears that for these species at least it is
next channel south (the Veimand~lOoChannel at about 2°10'N, between
Thaa and Laamu Atolls) that marks an important ecological boundary (see
sections 2.3.2, 3.3.2 and 4.3.2). The Veimandhoo Channel marks the
southern boundary of the central Maldives plateau. Thaa Atoll, although not
obviously one of the double chain atolls, lies on the southern end of the
double chain platform. The Kudahuvadhoo Channel is about 300-500 m
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deep, while the Veimandhoo Channel is about 1800-2000 m deep. Exactly
how this affects local oceanographic conditions and tuna abundance is
unknown. However, the atolls north of the Veimandhoo Channel may
experience greater seasonal upwelling and consequently higher productivity
than the atolls further south.

To study regional variations in tuna abundance, and for the purposes of this
report only, the Maldivian atolls have been divided into three latitudinal
zones, as follows:

North: North of the Kaashidhoo Channel
Centre: South of Kaashidhoo Channel and north of Veimandhoo Channel
South: South of the Veimandhoo Channel

These three latitudinal zones are further subdivided into regional atoll
groups, as follows:

Northern region: Haa Alifu, Haa Dhaalu (plus Sh. for skipjack only)
North-east region: Shaviyani, Noonu and Lhaviyani Atolls
North-west region: Raa and Baa Atolls
East-central region: Kaafu, Vaavu and Meemu Atolls plus Male Island
West-central region: Alifu, Faafu, Dhaalu and Thaa Atolls
Southern region: Laamu, G.A., G.Dh., Gnaviyani and Seenu Atolls

Other spatial variations in tuna distribution and abundance include those
associated with seamounts. Upwellings associated with seamounts
encourage productivity (Boehlert, 1987), and so they are often areas that
support high and regular tuna catches. The two best known sea mounts for
tuna fishing in the Maldives are Derahaa near Laamu Atoll, and Satorahaa
in the One-and-a-Half Degree Channel between Laamu and Oaafu Alifu
Atolls. Maniku (1993) lists known seamounts in Maldivian waters, and
discusses their tuna fisheries potential. The exploitation of these seamount
areas increased in the late 1970s and early 1980s as a result of
mechan ization of the musdhoni fleet. In the last decade it has increased
further as a result of increased power of mechanized vessels, and
identification of new sites (such as Addu Thilu in the far south, first located
by local fish ing vessels in the early 1990s).

More generally, the whole of the Maldives ridge may act like a giant
seamount or FAD. Oceanic islands are known to increase productivity of
the surrounding waters (Doty and Oguri, 1956; Wolanski and Hamner,
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1988).Around the Maldives there are certainly considerable seasonal pulses
in primary productivity associated with the seasonally oscillating monsoon
currents.

1.4.2.The Monsoon Seasons

The Maldives are affected by the seasonal monsoons and their associated
currents (Stequert and Marsac, 1989;Molinari, Olson and Reverdin, 1990):

. During the southwest monsoon, the wind blows mainly from the west
and southwest. The ocean current is also from the west, and is known
as the Indian monsoon current (IMC) or southwest monsoon drift.
The southwest monsoon lasts from about June to October.

. During the northeast monsoon, the wind blows mainly from the
northeast. The current flows to the west and is known as the north
equatorial current (NEC), or northeast monsoon drift. Off the west
coast of India there is a strong northward surface flow, and the
influence of this is felt off the northern Maldives, particularly in
January. The northeast monsoon season lasts from about December
to April.. During the intermonsoon months of May and November, winds and
currents change.

In the far south of the Maldives, near the equator, the weather (Stoddart,
1966)and current regime are different from the rest of the country:

. During the southwest monsoon, a band of cyclonic eddies develops
along the equator between the eastward flowing IMC and the
westwardflowingsouthequatorialcurrent(SEC)furthersouth. .. During the northeast monsoon, the eastward flowing south equatorial
counter current (ECC) develops south of the equator. A convergence
zone develops along or just south of the equator between the ECC
and westward flowing NEC further north.

. During both intermonsoon periods a strong eastward flowing equatorial
jet develops (Wyrtki, 1973; Knox, 1976).

The side of the Maldives exposed to the monsoon (i.e. the western side
during the southwest monsoon and the eastern side during the northeast
monsoon) receives clear oceanic waters from offshore. In contrast, on the
downstream or lee side of the Maldives the water is far from clear. Tidal
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mixing, upwelling and sediment stirring all bring nutrients into the surface
waters, which leads to a plankton bloom on the lee side.

This effect is presumably enhanced in the central Maldives by the presence
of the double atoll chain, hence annual productivity may be higher than in
the southern Maldives, where the atoll chain is single. It should be noted
that there has not been no oceanographic study of this phenomenon,
although it is presumably a local manifestation of the well known
'obstruction effect' or 'island mass effect' (Doty and Oguri, 1956).
Furthermore, the seasonal variation in productivity is well known to local
fishermen and divers.

Pelagic fishes move seasonally from side to side of the Maldives in order to
take advantage of the conditions that suit them best. Plankton-feeding fish
such as manta rays, and among tunas the frigate tuna (section 4.6), are
found on the downstream side. In contrast, oceanic fish such as juvenile
yellowfin tuna (section 3.6) are brought to the exposed side. These fish on
the exposed side tend to be concentrated under floating objects (known
locally as oivaali) and along ocean slicks (asdhandi). Fishermen report that
usdhundi onIy occur on the exposed side of the Maldives, that they see only
one or a few per season, and that they move relatively slowly. The nature of
usdhandis is not known; this is an area that needs further investigation.

Sea surface temperatures (SST) around the Maldives vary seasonally, but
not by much (Fig. 1.7). The average annual SST (as recorded by Advanced
Very High Resolution Radiometry, AVHRR, satellite) is 29.0°C. During the
sewnd half of the northeast monsoon season, winds are light and the sky is
clear, leading to stratification of the water column and warming of the
surface waters. SST rises to an average of 29.9°C during March-May,
although temperatures of up to 2°C higher may be experienced at times. At
the start of the southwest monsoon, when winds are strong, there is mixing
of the surface layers, and SST drops. Temperature is lowest during the first,
half of the southwest monsoon, averaging 27.6°C in July and August. j

Temperatures rise very slightly towards the end of the southwest monsoon, I
but drop again in December with the onset of the northeast monsoon. These I
trends are more pronounced in the north of Maldives (where average annual
SST range is about 2.3°C) than in the south (where the annual range is
about IAOC).

Maldivian fishermen use a traditional calendar in which the year is divided
into 27 periods, or nakaiy (Table 1.9), based on the constellations. The
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nakaiy calendar is widely used by both fishermen and farmers (Maniku,
\989; Chamberlain and Jauhary, 1998). The southwest monsoon season
(hulhangu moosun) traditionally starts on 8 April and is divided into 18
nakaiy. The northeast monsoon season (iruvai moosun) traditionally starts
on 10 December and is divided into 9 nakaiy. Since 1980, 10 December
each year has been marked as 'Fishermen's Day' in the Maldives.

1.4.3.EI Nino-Southern Oscillation

In additional to seasonal and local effects, Maldivian waters and tunas are
also affected by EI Nino-Southern Oscillation (ENSO) events, which occur
at irregular intervals every few years. EI Nino is a periodic southward
incursionof warm tropical water into the normally cold waters off the coast
of Peru in the eastern Pacific Ocean. It is particularly well known because
of its disastrous effects on the Peruvian anchovy fishery. This phenomenon
has been recognized for well over one hundred years, and for most of that
time was thought to be of local interest only. However, more recent events
have shown that EI Nino is but one particularly severe manifestation of a
worldwide shift in atmospheric and oceanographic conditions. A shift in the
atmospheric pressure gradient across the Indian and Pacific Oceans, known
as the Southern Oscillation, is a key factor in the development of an EI
Nino. Hence, the whole development is often referred to as an ENSO event.
Recent ENSO events occurred in:

1972-73
1976-77
1982-83
1987
\991-95
1997-98

(severe)
(weak)
(very severe)
(medium)
(weak)
(very severe)

When oceanic conditions shift in a reverse direction they give rise to the
phenomenon known as La Nina, or the ENSO cold phase. Recent La Nina
events occurred in:

1971
1974-75
1979-81
1984-85
1988-89
1995-96

~

(medium)
(weak)
(weak)
(severe)
(medium)
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In the Indian Ocean region, Walker (1924) first identified the atmospheric
perturbations that are now known to be associated with ENSO events. More
recently, Cadet (1985) and Tourre and White (1997) have reviewed changes
in oceanographic conditions in the Indian Ocean associated with the
development of ENSO events. In the tropical Indian Ocean, ENSO events
have been shown to be linked with:

. Reduced rainfall during the summer (southwest) monsoon in India,
which in turn affects rice production and in earlier times could bring
famine (Bhalme, Mooley and Jadhov, 1983; Gadgil, 1995).. Reduced rainfall in Indonesia (leading to devastating forest fires during
recent events), and increased rainfall in east Africa (leading to
flooding in Kenya and Somalia during recent events).. Increased atmospheric pressure, sea surface temperatures and upper
ocean heat storage, and reduced surface winds over large areas of the
Indian Ocean (Cadet, 1985; Tourre and White, 1997). Increased sea
surface temperatures have led to bleaching of corals on Maldivian
reefs during some recent events. The reduction of winds may reduce
surface mixing and affect seasonal upwellings, and hence reduce
primary productivity in some areas.. Increased yellowfin tuna catches by purse seiners in the western Indian
Ocean (Hallier and Marsac, 1990; Marsac, 1992).

Maldivian tuna catches are also noticeably affected by ENSO events
(Anderson, 1987, 1991, 1993 & 1997; Rochepeau and Hafiz, 1990; Hafiz
and Anderson, 1994; MRS, 1996). Skipjack catches tend to be reduced
during ENSO events, while those of the other main tuna species tend to
Increase.

During La Nina years, in general terms, climate anomalies are reversed.
This is seen too in the Maldives, with skipjack catch rates tending to
increase while those of the other major tuna species tend to decrease. There
may also be some effect on baitfish. Anderson and Saleem (1994) noted that
the use of anchovies (miyaren, Encrasicholina heteroloba) as livebait in the
tuna fishery is most frequent during the intermonsoon periods. However,
unusually high utilization was noted at G.Dh.Thinadhoo from the October-
November intermonsoon of 1988 right through to July 1989. This may have
been related in some way to the 1988-89 La Nina event.

26

1.4.4. Decadal Scale Variations

Over longer (decadal) time scales, cyclical shifts occur in the oceanographic
climate regime with associated shifts in biological productivity and species
composition. Examples of such cyclical changes include the Russell cycle
in the English Channel (Russell, 1973), and the North Pacific Oscillation
(polovina et aI., 1994; Trenberth and Hurrell, 1994). The latter has been
shown to have had, among other things, a profound impact on north Pacific
albacore tuna catches (Au and Cayan, 1998).

The Indian Ocean is the least well known of the major oceans, and there
appear to have been no studies of decadal scale oceanographic cycles.
However, Maldivian tuna catches do show signs of being affected on such
scales (Anderson, 1993 & 1997; Hafiz and Anderson, 1994; MRS, 1996).
On decadal time scales, as with ENSO related variations, skipjack catches
tend to go up when yellowfin catches go down. The ratio of skipjack to
yellowfln catch is therefore one measure of this variation (Fig. 1.6). The
abundance of these two major species during different periods may be
summarized as follows:

1970-72
1973-84
1985-92
1993-97

high skipjack and low yellowfin abundance
low skipjack and high yellowfin abundance
high skipjack and low yellowfin abundance
low skipjack and high yellowfin abundance

These time periQds correspond rather closely to the periodicity of the
decadal variations in the North Pacific. A major climate shift in the North
Pacific started in about 1976 and lasted about 12 years, ending in about
1988 (Polovina et aI., 1994; Trenberth and Hurrell, 1994). The Maldivian
tuna data suggest a climate shift in' the central Indian Ocean starting in
about 1973, lasting about 12 years and ending in about 1985. The lag of 3
years between the presumed event in the Indian Ocean and that observed in
the Pacific Ocean suggests that these decadal-scale events may be
propagated from the Indian Ocean to the Pacific Ocean and not vice versa.
At present, however, this is just speculation.

The oceanographic changes that promote these decadal scale variations in
tuna abundance in Maldivian waters are not yet known. At present our
understanding of 'normal' oceanographic conditions in the central Indian
Ocean, let alone variations from the norm, is limited. Trying to understand
tuna population dynamics without an understanding of oceanographic
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variability is impossible. There is therefore an urgent need to mcrease
knowledge of the oceanography of Maldivian and adjacent waters.

1.5. FISHERY STATISTICS

1.5.1. Catch and Effort Data

The analyses of tuna resources presented in the following sections rely
heavily on the time series of catch and effort data collected since 1970 by
what is now the Economic Planning and Coordination Section (EPCS) of
the Ministry of Fisheries and Agriculture (MOFA). We are most grateful to
the staff of EPCS, and in particular to Mr. Hassan Rasheed, for their
assistance in supplying these data. Details of the statistical system are given
by Anderson (1986), Rasheed and Latheefa (1994), Parry and Rasheed
(1995) and Anderson and Hafiz (1996). The statistics system was developed
to record tuna catches. It does this with a reasonable degree of accuracy,
although there are some inadequacies in the system which need to be noted.
Catches of other varieties of fish (i.e. non-tunas, collectively referred to as
'reef fish') are not recorded reliably.

Tuna catch and effort data are recorded for each fishing boat on each fishing
island. Some data have been collected since 1959, but catch by the full
range of tuna species has only been recorded since 1970. Tuna catch is
recorded in numbers, in a total enumeration system. Since tuna catches have
traditionally been shared between the boat owner and crew, numbers of
tunas caught are always well known. Fishing effort is recorded in numbers
of trips, which is equal to numbers of days fished, with masdhoni and vadhu
dhoni effort recorded separately. Mechanization of the masdhoni fleet
started in 1974, but mechanized and sailing masdhoni catch and effort data
were only recorded separately from 1979. Fishing gear has been recorded
since 1985, but it is not comprehensively reported.

Data collected at the island level are compiled by atoll before submission to
Male. Numbers of fish are converted to weight using average weight
conversion factors, and data are aggregated by month and by atoll. Since
1979, data have been compiled annually by what is now the Economic
Planning and Coordination Section (EPCS) of MOFA (Anon, 1979-1997).
Data for the years 1970-83 were compiled by Anderson (1986). Regular 5-
year summaries are also produced by EPCS (Anon, 1989, 1992, 1994 &
1995).
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The statistical system has been reviewed by Rasheed and Latheefa (1994),
.Parry and Rasheed (1995) and Anderson and Hafiz (1996). The system is
believed to give a good estimation of both catch and effort for tunas.
However, there are a number of problems with the system, the two major
ones being:

. Under-reporting of catch. Not all catches are reported. Parry and
Rasheed (1995) estimated that skipjack catches might be under-
reported by something of the order of 5%, while yellowfin catches
might be under-reported by about 15%.

. Inadequate catch conversion factors. Tuna catches are reported in
numbers, and have to be converted to weights using some form of
conversion factor. The conversion factors in use are widely
recognized as inadequate. New. conversion factors, taking into
account seasonal and regional variations in average weights, have
been estimated by Scholz, Anderson and Waheed (1997).

Regarding effort data, the diversification of fisheries over the last 20 years
(Adam, Anderson and Shakeel, 1998) will have had some impact on the
accuracy of tuna effort data, since an unknown proportion of fishing effort
in later years will have been directed to non-tuna species. This may not be a
particularly serious problem since non-tuna fishing trips appear to be
grossly underreported. Nevertheless, this is an issue that requires further
study.

In addition, a review of the data prior to the commencement of this study
identified a number of specific problems. First, data from the years 1984-88
inclusive appear to contain numerous serious compilation errors; these data
need to be recompiled. Secondly, data from other years have some minor
errors, which appear to be mainly transcription mistakes; these data need to
be rechecked. Despite these problems, the long time series of catch and
effort data (in which such errors as there are are repeated more or less
consistently year after year) is of immense value for studying the dynamics
of the fishery and the tuna resources that it exploits.

1.5.1.1.Catch Per Unit Effort (CPUE)

Tuna catch by itself is not a good measure of tuna abundance. It does not
take account of the amount of fishing being carried out. Some measure of
catch per unit of fishing effort (CPUE) is required as an index of tuna
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abundance. In the case of the Maldivian tuna fishery, fishing effort data are
available, as numbers of trips. Since one day trips only are,undertaken, this
is equivalent to numbers of days fished.

For the Maldivian pole and line fishery there are particular problems with
using catch per day's fishing as a measure of tuna abundance. These
problems are well known, but most are difficult to quantify. They include:

. Variations in availability of livebait. Seasonal and interannual variations
in livebait availability (Anderson and Saleem, 1994 & 1995) affect
the amount of bait available each day, and hence the quantity of tuna
that can be caught. They also affect the amount of time spent
baitfishing each day, and hence the amount of time left over for tuna
fishing. When bait is particularly scare, fishermen may spend one
day baiting and one day tuna fishing; this is recorded as only one
day's fishing. Alternatively, when bait is plentiful but tuna are
scarce, fishermen may go tuna fishing for a few days in a row with
the same bait.

. Changes in the pattern of baitfishing. In recent years fishermen have
adopted many new bait catching and holding practices, which have
increased catch rates and decreased holding mortality (Anderson,
I997a). As a result, tuna catch per unit of livebait caught may have
changed. In the southernmost atolls, a recent trend towards fishing at
night for livebait with lights (Anderson, I997b) is likely to have had
a marked effect on CPUE.

. Increase in fishing power associated with mechanization. Mechanization
of the previously sail-powered masdhoni fleet started in 1974-75. By
the early 1980s the process was effectively complete, with 99% of
the tuna catch by masdhonis being landed by mechanized masdhonis
in 1984. Tuna catch rates by mechanized and sailing masdhonis are
known, and so some correction can be made for this change (section
1.5.1.2). However, it is not known to what extent mechanization
differentially affected catch rates of the different tuna species (see
sections 3.3.1 and 4.3).

. Increase in fishing power of mechanized fishing vessels over the last
decade. After the main period of mechanization, and particularly
over the last decade, the fishing power of mechanized masdhonis has
been steadily increasing. Factors affecting fishing power include
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increasing horsepower of engines; increasing use of radios to
communicate between boats; and increasing use of binoculars to
locate schools (Hafiz and Anderson, 1994; Hassan, 1995). Over the
last 2-3 years this trend has accelerated rapidly with the creation of
what is essentially a new class of large masdhoni (section 1.2.3).

. Deployment of fish aggregating devices (FADs). The Ministry of
Fisheries and Agriculture (MOFA) has a successful FAD
deployment programme, which was initiated in 1981 (Peters, 1982;
Naeem, 1988; Naeem and Latheefa, 1994). A design suitable for
Maldivian conditions has been evolved, and by the mid-1990s, 32
sites around the Maldives had been identified as appropriate
locations for FADs, taking into account bottom topography,
proximity of fishing islands, and local tuna abundance. MOFA
aimed to maintain FADs at all of these sites, with 28-30 FADs in
place at anyone time. By 1998, MOFA had increased its target to 42
sites, with 38 FADs in place at anyone time (Ali Naeem, pers.
comm., October 1998). The presence of FADs within reach of most
fishing islands is likely to have had a profound effect on tuna CPUE.

. Variations in the abundance of seabirds. Maldivian fishermen use
seabirds as indicators of the presence of tuna schools (Shafeeg, 1993;
Anderson, 1996). Seasonal and interannual changes in seabird
abundance are assumed to affect fishermen's ability to find fish,
although this has not been quantified. Recent declines in numbers of
some seabird species around Maldives (as a result of human
activities) are believed by some fishermen to be a factor in reducing
tuna catch rates (Anderson, 1996).

With the possible exception of the change in fishing power associated with
mechanization, it is difficult or impossible to quantify the effects of these
factors on tuna catch rates. Furthermore, it should be recognized that
Maldivian CPUE data, even if corrected for all the variables noted above, is
not strictly an index of tuna abundance. It is rather a measure of both
abundance and catchability (a measure of the availability offish to capture).

These problems are introduced here in order to demonstrate that tuna catch
?e~boat day is a far from perfect measure of tuna abundance. Nevertheless,
It ISthe only measure available, and since some of the biases associated
with it may either cancel out, or be consistently repeated year after year, it is
assumed to give a reasonable index of tuna abundance. Certainly, the

31

1Iloo......-



consistency with which patterns of seasonal, regional and inter-annual
changes in catch rates show up in the data suggests that the use of the
available CPUE data as an index of tuna abundance is not without merit.

1.5.1.2. Standardized Pole and Line CPUE

Pole and line vessels are the most important type of tuna fishing vessels in
the Maldives. The various caveats listed above concerning the use of
masdhoni CPUE as an index of tuna abundance should be noted.
Nevertheless, in the absence of other data, masdhoni CPUE remains the
most useful index available. In order to make best use of these masdhoni
data, it is necessary to standardize CPUE to take account of both the effects
of mechanization, and the subsequent increase in fishing power of
mechanized vessels.

A comparison of sailing and mechanized masdhonis operating in the same
area (Raa and Baa Atolls) at the same time during the period of transition
(1976) showed that catch rates by mechanized masdhonis were almost
exactly twice those of sailing masdhonis (Anon, 1977). In addition, tuna
catch rates by sailing masdhonis in the years immediately before
mechanization were only half those of mechanized masdhonis during the
period immediately after separate data became available, Le. from 1979
(Anderson and Hafiz, 1985; Anderson, 1987; see also Sathiendrakumar and
Tisdell, 1987). During the period 1978-84, sailing masdhonis were
effectively displaced from the tuna fishery, and relegated to reef fishing and
other non-fishing activities (Anderson and Hafiz, 1985a; Anderson, 1987).
Once 25-35% of the masdhoni fleet in a given area was mechanized, the
remaining non-mechanized masdhonis stopped tuna fishing (Anon, 1985:
57). By 1985, less than I% of the national tuna catch was made by sailing
masdhonis (Table 1.3). For the purposes of this study, it is therefore
assumed that:

. sailing masdhonis caught half as much tuna per day as mechanized
masdhonisdid (orwouldhavedone)duringthe period1970-1978(as
a directresultof mechanization);. effective effort by the sailing masdhonis decreased regularly (Le. by
12.5% per year) during the period 1978-84 (as sailing masdhonis
were displaced from the tuna fishery);

. sailing masdhoni effort after 1984 was not directed towards tunas and is
therefore ignored in calculating tuna CPUE (because sailing
masdhonis were effectively excluded from the tuna fishery).
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R garding increase in fishing power of mechanized masdhonis, it is widely
a:cepted that average fishing power has increased over the last 10-12 years
(HafiZ and p:nderson, 19~4). ~owever, there has been little attempt to
quantify this mcrease..En~me SIze and vessel.l~ngth data for of all fishing
masdhonis are mamtamed by the MInIStry of Transport and
communications. Hassan (1995) compiled available engine data for the
years 1974-93, and used these data in an attempt to correct for increasing
fishing power of mechanized masdhonis. However, there are a number of
problems with the interpretation of Hassan's (1995) data and results.
Furthermore, engine size is only one component of fishing power. In the
absenceof clear data, and only for our purposes here, it is assumed that:

. mechanized masdhoni fishing power has increased by I% per year since
1985.

Standardized masdhoni effort data (based on these assumptions) are
presented in Table 1.6. These standardized data are used in all the following
analysesof masdhoni CPUE (sections 2, 3,4 and 5). It should be noted that
the creation and expansion of the new class of large masdhonis (section
1.2.3)will have a profound impact on masdhoni fishing power and CPUE.
This development needs to be properly monitored and taken account of in
future studies. It should also be noted that the standardised effort time series
presentedhere (Table 1.5) differs from that presented by Hassan (1995: 41).
In particular, there are major differences in the estimation of effective
sailing masdhoni effort in the years 1970-75 and 1977-87, and in the
inclusion of mechanized vadhu dhoni data by Hassan (1995). These
differencespoint to the difficulties in standardizing masdhoni fishing effort,
and the need for further, careful research.

1.5.1.3.Production Models

Production (or surplus yield) models are simple fisheries models that make
use of time series of catch and effort data to estimate maximum sustainable
yields (MSY) or optimum levels of fishing effort. Since there is a time
series of catch and effort data available from the Maldivian tuna fishery, a
number of production modelling attempts have been made (Anderson and
Hafiz, 1985a; Sathiendrakumar and Tisdell, 1987; Hassan, 1995). The
classic production models (Schaefer, 1954; Fox, 1970) fail to give
meaningful results from Maldivian tuna fishery data, mainly because the
models assume that the whole stock is being exploited, which is clearly not
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the case with the Maldivian fishery (Anderson, 1985; Anderson and Hafiz
1985a & 1985d; Sathiendrakumar and Tisdell, 1987; Hassan, 1995):
Therefore, while catch-effort relationships are used here to give SOIne
insights into the dynamics of the fishery (sections 2.3, 3.3, 4.3 and 5.3), no
attempts are made at production model analysis.

Sathiendrakumar and Tisdell (1987) developed a 'production function'
model which assumed that recruitment to the exploited stock will not be
affected by the fishery, because the stock is very large; rather, above a
certain threshold, catch rates will decline because of competition between
vessels in their limited area of operation. This type of approach does appear
to show promise (Sathiendrakumar and Tisdell, 1987; Hassan, 1995),

'although it is not clear that the Maldivian fishery has yet approached the
hypothesized threshold for any species (sections 2.3.1,3.3.1,4.3.1& 5.3.1),
Sathiendrakumar and Tisdell (1987) further developed their analysis to
estimate costs and revenues for the tuna fishery. However, a number oftheir
original assumptions are now not tenable. For example, the assumption that
travel costs are effectively constant for all trips may never have been valid,
and is certainly not now with the development of the new class of large
masdhonis which range widely for bait, tuna and markets. Such behaviour
will have a profound impact on this type of economic analysis (CampbeIl
and Lindner, 1989).

1.5.2. Length Frequency Data

Tuna length frequency data are collected by MRS. Data from Male market
have been collected by MRS staff on a regular basis since 1985. Data from
other locations were collected on an ad hoc basis between 1983 and 1993.
In late 1993 a systematic regional length frequency sampling programme
was initiated. Pole and line catches were sampled in 7 fishing islands
(representative of all regions) plus Male. Since 1996, that programme has
been cut back to cover 3 fishing islands plus Male.Data are compiled
annually, Details of sampling activities are given by Anderson Adam and
Nadheeh (1996), Scholz, Anderson and Waheed (1997) and MRS (1997).
During 1996-97, the entire MRS length frequency database was reviewed:
all data (roughly one million records) were checked against original data
sheets; corrections were made; and new were data entered and checked.
Hard copies of the revised data set are maintained at MRS and EPCS (MRS,
1997).
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1.5.3.TaggingData

The Marine Research Section has carried out two major tuna tagging
rogrammes, both concentrating on skipjack and yellowfin. The first was

~arried out during 1990 (Yesaki and Waheed, 1991 & 1992; Waheed and
Anderson, 1994), and the second during 1993-95 (Waheed and Anderson,
1994;Anderson, Adam and Waheed, 1996). A total of over 17,700 skipjack
and yellowfin tunas were tagged and released during the two programmes.
Returns up to the end of August 1997 amounted to 2144 skipjack and
yellowfin, or 12,1% of releases (Table 1.10). Release and recapture data are
held by both MRS and 10Te.

Table 1.1. Recorded catches (metric tonnes) of tunas in the Maldives by
species, 1970-97.
Source: MOFA, Economic Planning and Coordination Section,
Notes: Catch and effort data for 1995-97 may be subject to revision, 1997 data excludes 5590 t

yellowfin caught in the EEZ fishery
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Year Skipjack Yellowfin Frigate Kawakawa Dogtooth Total

1970 27,684 1,989 3,023 644 n/a 33,340

1971 28,709 1,227 3,015 473 n/a 33,424

1972 17,971 2,076 3,186 596 n/a 23,829

1973 19,195 5,475 6,626 1,088 n/a 32,384

1974 22,160 4,128 6,006 830 n/a 33,124

1975 14,858 3,774 4,057 415 n/a 23,104

1976 20,092 4,891 2,707 953 n/a 28,643

1977 14,342 4,473 3,080 927 n/a 22,822

1978 13,824 3,584 1,661 768 n/a 19,837

1979 18,136 4,289 1,701 721 n/a 24,847

1980 23,561 4,229 1,595 1,063 n/a 30,448

1981 20,617 5,284 1,606 1,274 n/a 28,781

1982 15,881 4,005 2,061 1,887 n/a 23,834
1983 19,701 6,241 3,540 2,087 n/a 31,569
1984 32,048 7,124 3,105 1,714 376 44,367

1985 42,602 6,066 2,824 2,177 182 53,851
1986 45,445 5,321 1,778 1,071 136 53,751
1987 42,111 6,668 1,921 1,232 105 52,037
1988 58,546 6,535 1,629 1,257 84 68,051
1989 58,145 6,082 2,146 1,322 108 67,803
1990 59,899 5,279 3,013 1,891 281 70,363
1991 58,898 7,711 2,582 1,677 234 71,102
1992 58,577 8,697 3,389 2,451 337 73,451
1993 58,740 10,110 5,456 3,569 628 78,503
1994 69,411 13,126 4,019 2,656 387 89,599
1995 70,372 12,504 3,938 2,694 439 89,947
1996 66,502 12,440 6,485 3,789 624 89,840
1997 69,015 13,029 2,488 2,088 490 87,110'-



Table 1.2. Recorded catches (t) of tunas and other fish species in the
Maldives, 1970-97.
Sources: Anderson (1986); MOFAlEPCS.
Notes: Numbers may not add up exactly due to rounding. Totals for the years 1984-87 differ

from those published in 'Basic Fisheries Statistics' because catch estimates for dogtooth tuna
have been revised as a result of changed average weight estimates (Hafiz and Anderson, 1988).
1997 data exclude 5590 t yellowfin caught in the EEZ fishery.
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Table 1.3. Tuna catches by major vessel type in the Maldives, 1970-97.
source: MOFAlEPCS.
Note: Minor miscellaneous catches are included in the annual totals.
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Year Tuna Other fish Total fish Percentage tuna

1970 33,340 2,472 35,812 93%
1971 33,424 1,489 34,914 96%
1972 23,829 1,790 25,618 93%
1973 32,384 1,789 34,173 95%
1974 33,124 1,946 35,070 94%
1975 23,104 1,837 24,941 93%
1976 28,643 2,730 31,374 91%
1977 22,822 3,493 26,317 87%
1978 19,837 5,579 25,414 78%
1979 24,847 3,040 27,887 89%
1980 30,448 4,242 34,690 88%
1981 28,781 5,540 34,321 84%
1982 23,834 6,656 30,489 78%
1983 31,569 6,990 38,559 82%

1984 44,367 10,960 55,327 80%
1985 53,851 8,197 62,048 87%
1986 53,751 5,620 59,371 91%

1987 52,037 5,006 57,043 91%
1988 68,051 3,432 71,483 95%
1989 67,803 3,444 71,247 95%

1990 70,363 6,011 76,374 92%

1991 71,102 9,612 80,713 88%
1992 73,451 8,584 82,035 90%
1993 78,503 11,438 89,941 87%

1994 89,599 14,446 104,046 86%
1995 89,947 14,619 104,566 86%

1996 89,840 15,574 105,413 85%
1997 87,110 14,658 101,768 86%

.- Year Sailing P/L Mech. P/L Total P/L Trolling Total

t-
1970 31,884 -- 31,884 1,456 33,340

1971 32,3S0 -- 32,350 1,074 33,424

1972 22,831 -- 22,831 998 23,829

1973 31,009 -- 31,009 1,375 32,384

1974 31,829 -- 31,829 1,295 33,124

1975 21,122 1,032 22,154 950 23,104

1976 20,474 6,220 26,694 1,950 28,644

1977 11,440 9,691 21,131 1,691 22,822

1978 5,460 12,891 18,351 1,485 19,836

1979 2,865 20,227 23,092 1,755 24,847

1980 2,131 26,176 28,307 2,141 30,448

1981 1,110 25,528 26,638 2,143 28,781

1982 633 21,504 22,137 1,696 23,833

1983 473 29,184 29,657 1,912 31,569
1984 328 42,039 42,367 1,998 44,367
1985 429 50,702 51,131 2,659 53,851
1986 349 52,138 52,487 1,262 53,751
1987 257 50,377 50,634 1,402 52,040
1988 182 66,451 66,633 1,400 68,051
1989 162 66,485 66,647 1,134 67,802
1990 89 69,207 69,296 1,057 70,363
1991 57 70,244 70,301 777 71,102
1992 201 72,442 72,643 776 73,451
1993 178 77,336 77,514 957 78,502
1994 99 87,651 87,750 1,832 89,600
1995 166 88,119 88,285 1,633 89,921
1996 101 88,227 88,328 1,468 89,838
1997 129 85,652 85,781 1,324 87,109



Table 1.4. Numbers of fishing vessels registered in the Maldives, 1970-97.
Source: MOFA/EPCS.
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Table 1.5.Numbers of active fishing vessels operating in the Maldives,
1985-97.
Source: MOFAlEPCS.
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Year Sailing PIL Mech. PIL Total PIL Trolling- Total

1970 1929 -- 1929 2789 4718
1971 2011 -- 2011 2898 4909
1972 2089 -- 2089 '2986 5075
1973 2146 -- 2146 3012 5158
1974 2131 1 2132 3056 5188
1975 2040 42 2082 3154 5236
1976 1940 218 2158 3284 5442
1977 1801 413 2214 3385 5599
1978 1631 548 2179 3390 5569
1979 1485 767 2252 3386 5638
1980 1255 805 2060 3416 5476
1981 1061 970 2031 3364 5395
1982 952 1166 2118 3428 5546
1983 811 1231 2042 3448 5490
1984 651 1296 1947 3021 4968
1985 561 1202 1763 3115 4878
1986 507 1358 1865 3278 5143
1987 486 1574 2060 3206 5266
1988 449 1558 2007 3072 5079
1989 375 1647 2022 2960 4982
1990 320 1611 1931 2789 4720
1991 371 1754 2125 2680 4805
1992 315 1782 2097 2326 4423
1993 232 1657 1889 1985 3874
1994 262 1839 2101 2351 4452
1995 183 1994 2177 2144 4321
1996 179 1971 2150 2303 4453
1997 170 1971 2141 2246 4387

.- pole and line (Masdhonis) Trolling (Vadhu dhonis) Total
Year

Sailing Mech Total Sailing Mech Total

1985 43 988 1031 NA NA 963 1994

1986 32 1009 1041 NA NA 753 1794

1987 21 1044 1065 NA NA 655 1720

1988 16 1096 1112 NA NA 505 1617

1989 14 1114 1128 398 16 414 1542

1990 11 1151 1162 336 7 343 1505

1991 6 1252 1258 340 12 352 1610

1992 38 1347 1385 255 15 270 1655

1993 15 1434 1449 274 25 299 1748

1994 42 1410 1452 241 83 324 1776

1995 5 1407 1412 209 48 257 1669

1996 6 1395 1401 166 59 225 1626

1997 9 1328 1337 139 102 241 1578



Table 1.6. Annual fishing effort (no. boat days) byvessel type, 1970-97.
Source: MOF AlEPCS.

Note: Pole and line effort standardized according to procedures outlined in section 1.5. I .2.
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Year Sail P/L Mech PIL Total PIL Standard P/L Trolling

1970 191,421 -- 191,421 95,711 104,482
1971 169,237 -- 169,237 84,619 67,378
1972 158,544 -- 158,544 79,272 76,136
1973 215,278 -- 215,278 107,639 90,461
1974 203,362 -- 203,362 101,681 93,504
1975 171,808 4,200 176,008 90,104 90,100
1976 153,539 21,800 175,339 98,570 135,03I
1977 104,943 41,300 146,243 93,772 157,949
1978 53,739 54,800 108,539 78,311 176,878
1979 24,615 74,904 99,519 84,135 132,903
1980 16,877 83,134 100,011 88,408 136,934
1981 13,852 83,731 97,583 87,194 130,362
1982 10,036 97,085 107,121 98,967 132,342
1983 6,339 117,172 123,511 117,964 118,639
1984 6,220 153,460 159,680 153,849 108,314
1985 4,681 162,430 167,1II 164,054 110,061
1986 3,354 161,910 165,264 165,148 79,139
1987 2,355 158,785 161,140 163,549 69,380
1988 1,242 184,353 185,595 191,727 51,460
1989 91 I 183,944 184,855 193,141 39,725
1990 1,317 193,045 194,362 204,628 37,933
1991 424 198,320 198,744 212,202 35,814
1992 3,602 204,808 208,410 221,193 28,137
1993 1,057 222,548 223,605 242,577 34,507
1994 1,138 223,095 224,233 245,405 31,687
1995 623 240,858 241,481 267,352 30,826
1996 731 239,787 240,518 268,561 30,437
1997 580 237,661 238,241 268,557 32,106

bl 1.7. Numbers of Maldivian fishermen, 1970-97.
Ta e. MOFA/EPCSand Ministry of Planning Human Resources and Environment censusSources.

....-----:- No. Fishers No. Fishers Total pop % Fishers % Fishers
year

(MOFA data) (Census data) (Census) (MOFA) (Census)

I-- 17,094 NA 114,469 14.9 NA
1970
1971 18,075 NA 118,818 15.2 NA

1972 18,535 NA 122,673 15.1 NA

1973 18,807
1974 19,362 NA 128,697 15.0 NA

1975 19,666
1976 21,381
1977 21,594 19,385 142,832 15.1 13.6

1978 22,683
1979 23,924
1980 24,330
1981 22,301
]982 21,727 .
1983 22,262
1984 21,028
1985 19,671 12,434 180,088 10.9 6.9
1986 22,245
1987 22,387
1988 21,880
1989 22,025
1990 21,725 11,498 213,215 10.1 5.4
1991 21,432
1992 21,195
1993 19,995
1994 22,268
1995 21,932 NA 244,644 8.9 NA
1996 22,109
1997 22,463
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Table 1.9. The nakaiy (Maldivian calendar)

Table 1.10. Releases and recaptures of skipjack and yellowfm tunas during
two tagging programmes in the Maldives.
Source: MRS

Note: includes recaptures up to end October 1998.
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Table 1.8. Exports of tunas and tuna products from the Maldives (tonnes),
1970-97.
Source: Customs data compiled by MOFA; data for 1970-78 from GOPA (1980)
Note: Weights are actual weights not live weights,

Year Frozen Chilled Smoke dried Saltdried Canned Fishme-
1970 -- -- 4,740
1971 -- u 5,389
1972 2,020 -- 3,835
1973 4,447 -- 3,098
1974 4,484 -- 3,545
1975 5,763 -- 1,961
1976 8,728 -- 1,607
1977 10,941 -- 990
1978 11,349 -- 251 ... 2
1979 12,634 -- 75 ... 4
1980 14,077 -- 75 ... N/A
1981 13,791 -- 12 975 N/A
1982 9,789 -- 47 897 18
1983 7,853 -- 285 778 43
1984 13,796 -- 398 838 613
1985 17,091 -- 796 1,814 722
1986 17,799 -- 1,318 1,321 432 ..1
1987 13,671 -- 1,215 2,837 1,919 736
1988 19,710 -- 1,216 428 2,740 1,311
1989 19,689 -- 1,987 1,229 5,535 1,8711
1990 17,056 -- 2,418 2,084 6,931 1,971
1991 10,085 -- 3,285 2,298 7,188 3,m
1992 5,540 -- 3,093 1,323 7,478 2,150
1993 9,869 -- 3,578 1,657 4,877 3,200
1994 7,439 14 4,102 2,394 6,849 2,3501
1995 3,011 17 3,888 1,909 7,781 2,101
1996 13,071 1,378 4,038 1,612 7,183 2,550,
1997 13,280 2,969 3,865 1,483 6,826 2,440

.- Southwest monsoon season
Northeast monsoon season

Nakaiy Starting date Nakaiy Starting date

Assidha 8 April Mula 10 December

Burunu 22 April Furahala 23 December

Kethi 6 May Uthurahalha 6 January

Roanu 20 May Huvan 19 January

Miahelia 3 June Dhinasha 1 February

Adha 17 June Hiyavihaa 14 February

Funoas 1 July Furabadhuruva 27 February

Fus 15 July Asbadhuruva 12 March

Ahuliha 29 July Reyva 26 March

Maa 11 August
Fura 24 August
Uthura 7 September
Atha 21 September
Hitha 4 October

Hei 18 October
Vihaa 1 November

Nora 14 November
Dhosha 27 November

Tagging Programme
Species 1990 1993-95 Total

Releases
Skipjack 8,033 6,474 14,507

Yellowfintuna 1,908 1,303 3,211

Total 9,941 7,777 17,718

Recaptures
Skipjack 1426 560 1,984

)' ellowfin tuna 133 25 160

Total 1559 585 2,144

% recaptures
Skipjack 17.7% 8.6% 13.7%

Yellowfintuna 7.0% 1.9% 4.9%

Total 15.7% 7.5% 12.1%



Fig. 1.2. Annual catches of tuna by major species
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Fig 1.3. Percentage contributions of major tuna species to annual tuna
catches
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Fig. 1. 4. Percentage contributions by major vessel types to annual
tuna catches
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2. SKIPJACK TUNA (KATSUWONUS PELAMIS)

M. Shiham Adam and R. Charles Anderson

2.1. INTRODUCTION

Skipjack tuna (Katsu,:on~s pelamis) i~ by far. t~e most import~nt single
commercial fish specIes m the MaldIves. SkIpjack tuna contrIbuted an
average of 75% to the total tuna catch and 68% to the total recorded fish
catch during the period 1970-1997 (Tables 1.1 and 1.2). Annual catches of
skipjack in 1994-97 averaged about 69,000 t, which was 77% of total tuna
landings.Skipjack catches are made almost ex~lusively by livebait pole and
line, with mechanized pole and line vessels (masdhonis) accounting for
99%of the skipjack landings.

The Maldivian skipjack fishery was recently reviewed by Adam and
Anderson (1996b). Results of two tagging studies are reported by Yesaki
and Waheed (1992), Bertignac, Kleiber and Waheed (1994), Bertignac
(1994), Adam, Stequert and Anderson (1996) and Anderson, Adam and
Waheed (1996). Other studies include those of Hafiz (1985 & 1986),
Andersonand Waheed (1990), Rochepeau and Hafiz (1990) and Hafiz and
Anderson(1994).

2.1.1. Local Names of Skipjack Tuna

As befits a species of such importance, skipjack tuna has a host of names in
Dhivehi,the Maldivian language. It is usually referred to as kalhubilamas.
This is often abbreviated to just mas. Mas also refers to fish in general, but
when applied to skipjack the implication is that this is not just any fish, but
the fish. This significance is explicitly stated in the name as/i mas (which
~eans the original or real fish, i.e. the genuine article). Skipjack tuna's
Importanceis also reflected in the name randhimas, which means golden or
preciousfish.

The name kunbilamas is sometimes used for rare skipjack tunas that do not
have belly stripes. However, some fishermen say that this is the real name
for all skipjacks; for superstitious reasons this name should not be spoken
aloud too often, so kalhubilamas is used instead. These names are
undoubtedlyancient ones which have been in use in one form or another for
centuries.When Ibn Battuta visited the Maldives in the 1340s, he noted that
Maldivians ate and exported a red-fleshed fish which was cut into four
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pieces, prepared by cooking, smoking and drying, and called kulbalm4s
(transliteration of Gray, 1889) or qulb-al-mas (Gibb, 1929).

Skipjack's belly stripes are referred to specifically in the names
fasrongumas (five-stripe fish) and rongudhemimas (striped fish). More
generally, skipjack is often referred to as kandumas (ocean fish, or tuna, a
generic name that applies to all the major tuna species).

Different sizes of skipjack have different names. Normal, small skipjack (up
to about 45-50cm FL) are called mas. Large skipjack (larger than about 55-
60cm FL) are called godhaa. These size based categories are believed to
have a strong biological basis, since skipjack in Maldivian catches show a
marked bimodal distribution (Hafiz and Anderson, 1988; Fig. 2.3).
Intermediate sized skipjack are relatively uncommon in Maldivian catches,
and some people do not recognize them as a distinct category. However,
fishermen call them fufalamas (thick rear/base skipjack) or just falamas
(stout skipjack) in the north of the country, boadhigumas (long head
skipjack) in the south, and dhiboamas (an abbreviation of boadhigumas) in
the centre.

2.2. CATCHES AND CATCH TRENDS

2.2.1. Catches and Catch Trends

Maldivian skipjack tuna catches by vessel type for the years 1970-1997 are
presented in Table 2.1.and Fig. 2.1. Total recorded skipjack catches varied
irregularly without any obvious trend until the early 1980s. Then from 1982
to 1988 annual skipjack catches soared from 15,900 t to 58,600 t, an
increase of 270%. From 1988 to 1993, however, annual catches remained
more or less constant at about 59,000 t. Then catches jumped again, to a
new plateau of nearly 70,000 t per year in 1994-97.

The percentage contribution to annual skipjack catch by major vessel type is
illustrated in Fig. 2.2. Pole and line masdhonis are clearly the most
important vessel class for skipjack tuna in the Maldives. Prior to 1974 the
mu.I'dhoni fleet was entirely sail-powered. Mechanization started in 1974
and sailing vessels were rapidly replaced. In 1977, skipjack catch by
mechanized masdhonis exceeded that by sailing masdhonis. By about 1982
skipjack catch by sailing vessels was insignificant. The mechanisation of
the masdhoni fleet proved immensely successful in terms of increasing the
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fficiency of the fishing vessels, but it did not bring an immediate increase
~ntotal catches (section 1.3).

The rapid increase in skipjack catch between 1982 and 1988 is partly
ttributed to an increase in effective fishing effort. The number of

~echanised pole and line vessels increased during this period by 34%, from
1166 to 1558 (Table 1.3). More importantly the number of days fished,
which is a more useful index of fishing effort, increased steadily from
107,000days in 1982 to 185,00 days in 1988, a jump of 73% (Table 1.6;
Fig. 1.4).An increase in the fishing power of pole and line vessels, over and
above that attributable to mechanisation, may also have been significant
duringthis period (section 1.5.1.1).

However, the increase in skipjack catches during 1982-88 cannot be
explained by increases in fishing effort and fishing power alone. While
effective fishing effort might have increased by something of the order of
100%(Table 1.6), skipjack catches increased by about 270% (Table 2.1).
Thissuggests that there was a substantial increase in availability of skipjack
around Maldives during this period, presumably related to changes in
oceanographicconditions (section 2.4).

From 1988-93 there was continued increase of fishing power and effort (by
27%, from 191,700 standardized mechanized masdhoni days in 1988 to
242,600 days in 1993). In contrast, skipjack catches remained roughly
constant at about 59,000t per year. The stagnation of catches during this
period is believed to be a result of a decrease in skipjack availability around
the Maldives (section 2.4). In 1994-95 skipjack catches jumped again to a
new record level of about 70,000t. The reasons for this second jump in
catches are not clear. It has been reported that this was partly the result of a
change in the system of compiling catch statistics (Anderson and Hafiz,
1996),but this may not be the case (Hassan Rasheed, EPCS, pers. comm.,
1997).

2.2.2. Accuracy of Catch Estimates

General problems relating to the accuracy of Maldivian tuna fishery
~tatistics are discussed in Section 1.5. For skipjack tuna, statistical
inaccuraciesare of special significance since this species makes up roughly
two thirds of the total recorded fish catch. There are three major problems
for skipjack (Anderson, 1986; Parry and Rasheed, 1995; Anderson and
Hafiz, 1996; Anderson et aI., 1996; Scholz et a!., 1997):
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. the use of inadequate average weight conversion factors;. misreporting of size categories;. underreporting of catches.

Skipjack in the Maldives are traditionally recorded either as large (godhaa)
or small skipjack (mas). There is some overlap in these two sizes classes
(Fig. 2.3), but the cut-off point is about 55-60 cm FL (which corresponds to
about 4kg). Two conversion factors are therefore used for skipjack. Since
1959 four pairs of conversion factors have been used (Table 2.2; section
2.5.2). They all suffer from a number of problems (section 1.5). In an
attempt to overcome these problems, a regional sampling programme was
initiated by MRS in 1993-4 (Anderson et aI., 1996; Scholz et aI., 1997),
During 1994-96 a total of over 420,000 skipjack tunas were measured from
pole and line catches, at eight locations. A new series of regional and
seasonal conversion factors for both large and small skipjack have been
estimated (Scholz et aI., 1997). These revised conversion factors (Table 2.2)
have not yet been adopted by EPCS/MOFA. For small skipjack tuna the old
conversion factors (1.963-2.12 kg/fish) are well with the range of the new
conversion factors (mostly within the range 1.8-2.2 kg/fish). For large
skipjack tuna, the old conversion factors (5.7-7 kg/fish) are nearly all higher
than the new conversion factors (mostly within the range 4.6-5.8kg/fish),
The reason(s) for this discrepancy are not known; it may be due to
inadequatesamplingin the past, or to a recentdecreasein the averagesize
of large skipjack (see sections 2.5.2 and 2.9).

While the conversion factors themselves are subject to question, there are
also problems associated with the reporting of the two skipjack size
categories. In particular, the traditional classification of large and small
skipjack has become somewhat blurred since the government started buying
fresh tuna in the 1970s. In recent years this has amounted to 19-34% of the
skipjack catch (Table 2.4), in other words a substantial proportion of the
total. The agencies responsible for buying tunas (currently MIFCO) have
classified skipjack, for most part, into small (1.5-2 kg) and large (above 2
kg). These categories are significantly different trom the traditional size
categories, for which there is a dividing line of about 4 kg. It is believed that
some fishermen who sold their catch either to the Felivaru tuna cannery or
to the collector/treezer vessels, reported their daily catches according to the
details on the sales receipt. As a result, there appears to have been an
increase in the proportion of 'large skipjack' being reported to MOFA, and
a consequel1t overestimation of total skipjack catch. Parry and Rasheed
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(1995)showed that there was indeed an increase in the proportion of large
k' ~ack reported to MOFA from two atolls with major tresh tuna

s l~hasing activities (Lhaviyani and Gaafu Dhaalu Atolls). Because of this
Puoblem care must be exercised in the interpretation of skipjack size
~~tegorydata. ~or example, it may.n.otbe possible to distinguish between
this 'artificial' mcrease In large skIpjack catch and a real one, caused for
example by changil)g fishing patterns or oceanographic variability.
Alternatively, the 'artificial' increase in large skipjack may tend to mask
declines in large skipjack catch resulting trom overfishing. Based on the
proportions of large skipjack in mechanized pole and line vessel catches
during 1979-1982, Rochepeau and Hafiz (1992) estimated that total
skipjack catch may have been overestimated by abQut 6-11% in 1984-88.
However,this estimate failed to take account of either misreporting of size
categoriesduring 1979-82, or the possibility of a real increase in catch of
largeskipjack during 1984-88. .

The third major problem with skipjack catch statistics relates to
underreportingof catches. Reporting of skipjack catches is likely to be more
accurate than that of other tuna species, because of the great importance
attached to skipjack in the Maldives. There may' even have been some
overreporting of skipjack catches: trom' the mid-1950s to 1981 the
government gave prizes to top crews and islands in order to encourage
production, and this might have encouraged inflated catch reports
(Anderson, 1986). Nevertheless, some underreporting of skipjack catches
must have occurred at all times, and, along with other species, this may
have becomemore prevalentin recent years.In an attemptto estimatethe
accuracyof reported catches, Parry and Rasheed (1995) matched over 1000
individualvessel trip records in the MOFA database with M1FCO collector
vessel purchase records for the period January-June 1994. They estimated
that skipjack catches were underestimated by about 5%, as a direct result of
underreporting.

In summary, there has been both overestimation (due to confusion over
skipjacksize categories, and possible earlier overestimation of the average
weight of large skipjack) and underestimation (due to underreporting) of
skipjackcatches. To some extent these biases may tend to cancel out, and it
seems possible that skipjack catch estimates may be accurate to within
about:l:5%.

51

~



2.3. CATCH PER UNIT EFFORT TRENDS

2.3.1. National trends

Skipjack tuna catch rates by masdhonis for 1970-1997 are illustrated in Fig.
2.4, as both actual pole and line CPUE and as standardized pole and line
CPUE. Actual pole and line catch rates for skipjack declined from a high of
about 150 kg/day in 1970-71 to an average of only 100 kg/day in 1972-77.
Standardized (mechanized masdhoni) skipjack CPUE also declined by
about half after 1970-71. This decline cannot be explained by any known
change in fishing efficiency. Although cash prizes were given to top tuna
fishing crews during 1970-71 to encourage high catches, which probably
resulted in some over-reporting of skipjack catches (Anderson, 1986), this is
thought unlikely to have resulted in a 50% increase in reported catch in
1970-71. Rather, the decline after 1970-71 is thought to be the result of
changing abundance or availability of skipjack associated with changes in
oceanographic conditions (section 2.4).

During the mid-1970s, skipjack catch rates were low. From 1977 to 1988,
actual pole and line catch ra~es for skipjack increased dramatically, but
irregularly, from just 100 kg/day to over 300 kg/day. This increase in
masdhoni CPUE can be partly attributed to the effects of mechanization
(section 1.2.3): while actual CPUE tripled, standardized CPUE only
doubled. The balance of the increase during 1977-88, as well as the
fluctuations in 1980 and 1982-83, are tho!!glii to be due to oceanographic
variations (section 2.4).

Since 1988, standardized skipjack catch rates declined gradually and
irregularly from over 300 kg/day to about 250 kg/day in 1996-97. This drop
in standardized skipjack catch rates since 1988 is thought to be due to a
decrease in skipjack availability (to pole and line) or abundance around the
Maldives. Such changes in earlier times might have been attributed to
changes in oceanographic conditions alone. However, in the last decade
changes in fishing activity within the region have introduced other possible
causes for such a decline in Maldivian skipjack catch rates (Anderson and
Adam 1996b). These include:

. increased negative interactions from the expanding fisheries around the
Maldives, notably in the western Indian Ocean. This possibility is
discussed in section 2.9.

52

,..........-

. reased local competition among masdhonis in the limited range. JOC .
fishery of the MaldIves.

R arding the second point, Maldives has the highest skipjack catch per
e~ area in the World (Fonteneau, 1997a: Fig. 6 & 1997b: Fig. 5.8).

~aldivian pole and line fishing effort is at an all-time high (Table 1.6). It
eeffiSpossible that there may be some negative interactions between

~asdhonis at such high levels of catch and effort, as indeed is predicted in
the production-function model of Sathiendrakumar and Tisdell (1987).
However,the available data show no evidence of any such interaction so
far. There is no leveling off of catch at high levels of fishing effort (Fig.
2.5),nor is there any decrease in catch rate at high levels of catch (Fig. 2.6).

2.3.2. Latitudinal Trends

Fig. 2.7 shows the catch rates of small skipjack, large skipjack and total
skipjack by regions (as defined in section 1.4.1). CPUE trends for total
skipjack, in all the regions except for northeast region, follow the same
generalpattern of national CPUE trends (Fig. 2.4). Standardized masdhoni
catchrates by latitudinal zone for the period 1970-95were:

Small skipjack catch rates are highest in the south of the Maldives and
lowest in the north. From the early 1970s until about the beginning of
1980s,annual average small skipjack CPUE decreased in all the regions,
exceptin the south (Fig. 2.7). However,a slight increasewas observedin
late 1970s, particularly in the north and eastern regions. Since the early
1980ssmall skipjack CPUE has increased slightly in most regions. In the
south small skipjack CPUE remained more or less constant, at about
200kg/day,throughout out the period.

Large skipjack catch rates are highest in the south of the Maldives and
~owestin the centre (see also section 2.5.1). Large skipjack CPUE gradually
Increasedin all the regions during the 1980s (Fig. 2.7), but declined during
th~~arly 1990s in all regions except the north. The huge increase in large
~klPJackCPUE in the northeastern region in 1980 and in 1984-1990, which
ISnot seen in any other region, is difficult to explain. It might be that
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Zone Small skipjack Large skipjack Total skipjack

North 133 kg/day 100 kg/day 233 kg/day
Centre 149 kg/day 54 kg/day 203 kg/day
South 191 kg/day 108 kg/day 299 kg/day



fishermen in this region, particularly in Lhaviyani Atoll which houses the
Felivaru cannery, reported their' large skipjack' catch according to the
MIFCO's commercial classification, not MOFA's size classification. In this
case the large skipjack catch would be overestimated. Parry and Rasheed
(1995) showed that Lhaviyani Atoll was reporting over 60% above the
national average catch of large skipjack during this period, indicating this is
likely to be the case. They also showed that fishermen in Gaafu Dhaalu
Atoll, in the southern region, were also reporting more than the average
proportion of large skipjack during the same period. However, if this is the
sole reason for high large skipjack catch rates during that period, it is
difficult to explain the subsequent decrease in catch rates. It might be that
the increase in production of Maldive fish by private parties has led to a
decrease in reporting of large skipjack under the commercial size
categories. It is also likely that the decline of large skipjack CPUE after
1990, retlacts an overall reduction in availability of large skipjack around
Maldives, related to oceanographic changes (section 2.4.2).

2.3.3. Seasonal Trends

Seasonal movements and variations in abundance of skipjack in Maldivian
waters have not been fully worked out. Several earlier studies have
discussed some observations (Hafiz, 1985a; Anderson and Waheed, 1990;
Rochepeau and Hafiz, 1990; Anderson, 1991; Yesaki and Waheed, 1992;
Anderson et aI., 1996) but there has been no comprehensive review. Figs.
2.8 and 2.9 show average monthly catch rates for small and large skipjack
respectively, for all six regions during 1989-95. Fig. ~ shows monthly
catch rates for the two size categories, by region, during the same period.

For small skipjack the following generalizations can be made:

I. In the far north there was no obvious seasonal variation in catch rates of
small skipjack (Fig. 2.8.a).

2. On the western side of Maldives, peak catch rates were observed during
the southwest monsoon and preceeding intermonsoon i.e. in April-May to
September-October (Figs. 2.8.b & 2.8.d). Catch rates were low during the
northeast monsoon season and preceeding intermonsoon (November to
March). This agrees with the findings of Hafiz (1985a) who noted that catch
rates of small skipjack in the area of Alifu to Thaa Atolls during 1980-81
were high in the southwest monsoon season and low in the northeast
monsoon season. This is also consistent with reports from fishermen in Raa
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Atollwho report the arrival of small skipjack in April-May, and peak catch
tes during the southwest monsoon season. These may be the same as the

r~'pjack that fishermen in Lhaviyani AtoIl caIl kethi kuri mas, i.e. the
:k;pjackthat arrive before early May (Adnan AIi, MIFCO, pers. comm.).

~ On the easternside of Maldives,low catchrates were obtainedduring
~arch to June, i.e. during the end of the northeast monsoon and start of the
southwest monsoon (Figs. 2.8.c & 2.8.e). Catch rates were high during
Augustto February, i.e. during the second half of the southwest mol)soon
and first half of the northeast monsoon. This result differs somewhat from
the findings of previous studies. Hafiz (1985a) noted that catch rates of
small skipjack in Noonu and Lhaviyani AtoIls during 1980-81 were high
during December to March, and low at other times; in contrast, in the area
fromKaafuto LaamuAtolls,catchrateswerehighfromMayto Augustand
againfromNovemberto January.Anderson(1991)notedthat catchratesof
small skipjack in the area of the Watteru Channel (between Vaavu and
MeemuAtolls) during 1985-90 peaked in June to August, and were lowest
inJanuaryto April.

4. In the far south seasonal variation is limited, although the lowest catch
rates are observed in March-April, and the highest in December-February
(Fig. 2.8.f). Hafiz (1985a) noted considerablevariation from month to
monthduring 1980-81, but discerned no obvious seasonal pattern (see also
Fig. 2.1 O.f).

Forlarge skipjack the situation during 1989-95was slightly different:

I. In the north and on the eastern side of Maldives, high catch rates were
made from about October to March, i.e. during most of the northeast
monsoonseason and the preceding intermonsoon (Figs. 2.9.a, 2.9.b, 2.9.c &
2.9.e).The highest monthly catch rates were usually observed in November,
as was previously noted by Rochepeau and Hafiz (1990) using data from
,1970-88.Low catch rates were made from April-May to about September,
I.e.from the end of the northeast monsoon to the latter part of the southwest
monsoon.Anderson (1991) noted that catch rates of large skipjack in the
area of the Watteru Channel (between Vaavu and Meemu AtoIls) during
1985-90were highest during the northeast monsoon (November to March)
and lowest in the southwest monsoon (May to October).
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2. In the centre-west (i.e. from Ari to Thaa) peak catch rates were observed
in June, at the beginning of the southwest monsoon, with a second peak in
November (Fig. 2.9.d).

3. In the south the highest catch rates were observed during the two
intermonsoon periods, March to May and October-November (Fig. 2.9.f).
Both Hafiz (1985a) and Rochepeau and Hafiz (1990) recorded the same
pattern, although the former also noted high catch rates in February 1980.

There are clearly some general patterns that are repeated from year to year,
but also much inter-annual variability. Further detailed study is required to
elucidate the full extent of seasonal and regional variation in skipjack catch
rates in the Maldives.

2.4. OCEANOGRAPHIC VARIA nONS AND SKIPJACK CATCHES

2.4.1. EI Nino Southern Oscillation Events

Skipjack tuna catches in the Maldives are clearly affected by ENSO events
(Anderson, 1987 & 1993; Rochepeau and Hafiz, 1990; Hafiz and Anderson,
1994; Adam and Anderson, 1996). 1972-1973, 1976, 1982-1983, 1987 and
1992-1994 were all EI Nino years. During each of ttlOse years (with the
exception of 1994) skipjack catches and catch Jites were noticeably
depressed (Figs. 1.5, 2.1 and 2.11). In contrast, record catch rates were
recorded in 1971 and 1988-89; these were both periods of La Nina or cold
events.

In the western Indian Ocean, EI Nino years bring increased sea surface
temperatures, low wind mixing and strong vertical gradients in the
thermocline (section 1.4.3). It is not known how these conditions affect
skipjack in Maldivian waters. One possibility is that increased sea surface
temperatures may reduce larval survival and consequently recruitment to
the Maldivian fishery. Forsberg (1989) noted a decrease in skipjack larval
abundance at temperatures above 29°C in the eastern Pacific. However, if
recruitment were adversely affected during the EI Nino years, then one
might expect to observe a drop in small skipjack catch rates after an
appropriate time lag (i.e. in the year following an ENSO event). This is not
obvious in the data available.

Alteruatively, increased sea surface temperatures may have an effect on the
availability of skipjack to surface fishing gear such as pole and line. Large
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. . ck are known be intolerant of high temperatures and to inhabit deeper
Sk'f~;s in the tropics (Wild and Hampton, 1994). Since sea surface
wa peratures around the Maldives are elevated during EI Nino years, it is
teOlsiblethat there is a direct effect on availability of large skipjack to pole
po~ line vessels. There is clearly a drop in large skipjack CPUE during EI
~fiO years (Figure 2.13); note that the EI Nino of 1976-77 was a relatively
weakevent. This relationship is currently under further investigation.

2.4.2.Decadal Scale Variations

Anderson(1993) and Hafiz and Anderson (1994) identified medium-term
changes in Maldivian skipjack catch rates and suggested these might be
linked to decadal-scale changes in the oceanographic conditions in the
IndianOcean. The mean proportion of skipjack in the Maldivian tuna catch
is 75%. Fig. 2.11 shows the annual proportion of skipjack in the tuna catch
during the period 1970-97. During the very early 1970s, skipjack
contributedmore than the average to the total Maldivian tuna catch. From
1972-84the contribution of skipjack to the total tuna catch was consistently
belowaverage. Then since 1985 skipjack has again contributed more than
the average to the total tuna catch. It is not yet clear whether a new period
of low skipjack catches is being entered now. This same pattern is seen with
skipjackcatch rates (Fig. 2.4) and with the ratio of skipjack to yellowfin in
thepole and line catch (Fig. 1.6); by presenting the contribution of skipjack
to total tuna catch, problems associated with standardizing fishing effort are
circumvented.

The most likely cause for this pattern of change, with catch rates' being
consistently high or low for several years in a row, would seem to be
decadal scale oceanographic variation (section 1.4.4). The Indian Ocean is
not very well known oceanographically. The nature of such decadal scale
variations in the Indian Ocean is not known, nor are the mechanisms by
which such variations might impinge upon skipjack populations. There is
clearly a need for further research into the effects of the oceanographic
variations on the distribution and abundance of skipjack in the central
IndianOcean.

2.4.3. The 1980 and 1990 anomalies

~UCh o~ the observed variation in Maldivian skipjack tuna catch rates can
e explaIned by a combination of the effects of ENSO (including La Nina)

events and decadal-scale variations. However, 1980 and to a lesser extent
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1990-91 stand o.ut as anomalous years. While both apparent anomalies
might be no more than noise in the data, they deserve further study for the
light they might shed on the causes of variability in skipjack abundance.

1980 was a year of high skipjack catches during a period of low catch rates,
Examination of the catch and effort database shows that the anomalously
high catches were largely the result of high catch rates of large skipjack in
the northeast Maldives, particularly but not exclusively in Lhaviyani Atoll
(Fig. 2.7.c). The reason(s) for this are not known. If an oceanographic or
climatic explanation is sought, it should be noted that 1980 was in the
middle of a prolonged but weak La Nifta event. The 1980 anomaly might

, also be linked to the explosion of Mt. Saint Helens in May 1980, (Major
volcanic eruptions are known to have an impact on global weather, and the
eruption of Mt. Pinatubo in the Philippines in June 1991 may possibly have
contributed to higher than average sea surface temperatures in the Maldives
in late 1991). However, high catch rates of large skipjack had been reported
from the southern Maldives as early as February 1980 (Hafiz, 1985a).
Alternatively, it may be that the major ENSOevent of 1982-83 depressed
skipjack catch rates to such an extent that it effectively disguised the start of
an upswing in the decadal scale cycle starting in the late 1970s, delaying its
apparent start until the mid-1980s.

1990 was also a year of high, indeed record, large ~jack catch rates.
Particularly high catch rates for large skipjack were achieved in the north
and centre of the country at the end of the year; a particularly high
proportion of large skipjack was recorded in the catch on the west coast;
and 1990 was the only year in which national large skipjack catch rates
exceeded those of small skipjack. However, in the south of Maldives, record
catch rates for large skipjack were made in 1991, not 1990. If EI Nino
conditions reduce skipjack recruitment (section 2.4.1), El Nifta events might
be expected to lead to an increase in skipjack recruitment. Under this
scenario, the 1990 peak in large skipjack abundance might be the result of
high recruitment during the 1988-89 La Nifta event.

2.5. SIZE AND GROWTH

2.5.1. Length Distribution

The great majority of the skipjack caught in the Maldivian fishery are
within the range 35 to 65cm FL (Hafiz, 1985a & 1986; Adam and
Anderson, 1996b). The overall size distribution of skipjack (Fig. 2.3) is
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ngly bimodal, as has been observed previously by several authorsstro
(HafiZ,]985a & 1986; Hafiz and Anderson, 1988; Anderson and Waheed,
]990; Rochep.eau,and.Hafiz, 199?; Scholz et aI., 19971-The reas~n for.this
b'modal distrIbutIon IS the relatIve under-representatIon of medIUm sIzed
~ipjackof length 50-60 cm FL. For eight sampling locations in 1994-96,

:he modal length of small skipjack in all islands was 45-50 cm, while for
largeskipjack it was about 63 cm FL.

Ithas been previously reported, on the basis of analysis of catch data (Hafiz,
] 985a & ]986; Rochepeau and Hafiz, 1990; Anderson 1992 & 1993), that
the proportion of large skipjack in the catch is greater in the north than in
thesouth, As has been noted above (section 2.2.2), the reporting of skipjack
sizecategories in the catch data is not without problems. Therefore, we look
here at the proportion of large skipjack in length frequency samples taken
by field officers at eight locations during 1994-96 (MRS, ]997). These
lengthfrequency data do not support the contention that large skipjack are
commonerin the north than in the south (Table 2.3). Large skipjack were
most abundant in skipjack catches in the south of Maldives, and least
abundantin the centre of Maldives:

North: 21.4% of skipjack measured were large
Centre: 9.2% of skipjack measured were large
South: 34.3% of skipjack measured were large

In all the islands sampled, large skipjack were most abundant in 1995, and
the increasedratio is strikingly similar for all the atolls indicating that there
was perhaps a general increase in large skipjack abundance in that year
(Table2.3 and see below).

2.5.2. Average Weights

Tuna catches are reported by fishermen in numbers, and are converted to
weights using average weight conversion factors. For skipjack tuna,
separate conversion factors are used for large and small sizes. The
conversion factors that have been used by the Ministry of Fisheries and
Agriculture at different times are summarized in Table 2.2 (Anderson,
1986;Anderson and Hafiz, 1996).

Average weights of small skipjack calculated for different regions and
quarters during] 994-96 were mostly within the range 1.8 to 2.2 kg/fish
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(Scholz et aI., 1997). The conversion factors for small skipjack used in the
past and at present (1.96 to 2.12 kg/fish) lie within this range.

Average weights of large skipjack calculated for different regions and
quarters during 1994-96 were mostly within the range 5.3 to 5.8 kg/fish
(Scholz et aI., 1997).These average weight estimates are mostly lighter than
the conversion factors for large skipjack used in the past and at present (7 to
5.7 kg/fish). Thus, while the possible effects of sampling error cannot be
discounted, there is a suggestion that the average weight of large skipjack
has decreased in recent decades.

Cook (1995) reported a decrease in average weight of skipjack purchased
by MIFCO during 1990-1994. The mean weight of the skipjack purchased
in 1990 was about 4kg but dropped to 2.7kg in 1993. During this period
MIFCO purchased 27% of the total recorded skipjack catch (Table 2.4).
Note that MIFCO started buying smaller sized fish «1.5 kg) from
September 1993.

2.5.3. Growth

Growth rates have been estimated for Maldivian skipjack tuna using both

lengthfrequencyand tag releaseand recoverydfta. Hafiz(1985a& 1986)
used length frequency data from Baa Atoll t<\ estimate von Bertalanffy
parameters (Table 2.5). There are large differences in the growth parameter
estimates between these two studies suggesting some inaccuracy.
Estimation of growth rates from length frequencies is one of the least
reliable methods for skipjack tuna (Fosberg, 1989). This is for most part due
to their continuous spawning and recruitment and also due to their
migratory habits. As a result, representative sampling is difficult to achieve
over long time periods.

I

[I

II

!III

I'

Yesaki and Waheed (1992) estimated growth rates of 2.4 cm/month for 40
cm fish and 1.7 cm/month at 70 cm, using tag release and recovery data
from the Maldives' first tagging programme. Anderson et al. (1996) also
estimated skipjack growth rates but using two different screening criteria,
with tag release and recovery data from the second tagging programme.
Their first estimate excluded negative growth (length at recovery being
greater than the length at release) following the procedure used by Yesaki
and Waheed (1992). In their second estimate, negative growth was
included. Despite the rigorous screening and correction procedures used in
adjusting for the measured length at recovery (Adam and Anderson, 1996b),

60

~llil

....

wth rate estimates varied greatly (Tables 2.5 and 2.6). The problem is
f~~her complic~ted because ~f the n.arrow size ran~e availa?le among the

ptured skipjacks, and their relatively short periods at liberty. One ofreca . .
ajor problems In growth estimates from tag release and recovery data is

~e uncertainty in lengths, bot? at recapture and recovery. In addition, it was
foundduring the second taggmg programme (Adam and Anderson, I996b)
that live tunas are highly tensed during handlingand consequentlythat
measurementstaken before release are less than those when the fish is dead.
However, because of the limited length measurements from 'dummy
tagging'(measuredand tagged in normalmanner,but 'released' into the
fish hold for later measuring), correction was not made for this effect. In
orderto get reliable growth estimates from tagging studies, efforts have to
beconcentratedin future on obtaining accurate length measurements at both
releaseand recapture. .

Adam, Stequert and Anderson (1996) attempted to validate the
microincrements of skipjack otoliths recovered from the tetracycline-
injected fish. The results were discouraging as it was found that
microincrementdeposition was non-daily. Furthermore, since the number of
microincrementdeposited per day varied greatly between individuals it was
concluded that otoliths could not be used for skipjack ageing (Adam,
Stequertand Anderson, 1996).

2.6. MIGRAnON

The movements of skipjack around the Maldives are not yet fully
understood.Analysis of recovery data from the first tagging programme
has, however, clarified some movements within the Maldives. Skipjack
tagged in the May intermonsoon tended to move north within the Maldives
during the subsequent southwest monsoon, while those tagged during the
October-November intermonsoon tended to move south in the following
no.rtheastmonsoon (Yesaki and Waheed, 1992). A more detailed analysis
usinga spatial tag attrition model produced similar results, demonstrating a
net southwardmovement during the northeast monsoon and a net northward
movementduring the southwest monsoon (Bertignac, 1994).

The recoveries made from outside the Maldivian EEZ clearly showed that
ong-distance movements were current related, i.e. westward during the

~rtheast monsoon and eastward during southwest monsoon (Yesaki and
(Aaheed, 1992). This was confirmed during the second tagging programme

ndersonet aI., 1996).
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Results of the first tagging programme suggested that skipjack tagged
offshore Cliox Ihosquares without land) were more migratory than skipjack
tagged inshore (lhOx Ilia squares with land) (Yesaki and Waheed, 1992).
This was not confirmed by the second tagging programme (Anderson et al
1996). It was suggested that such an 'offshore-inshore' dichotomy could b~
highly subjective, depending in part on the definition of offshore and
inshore. It was found that recoveries of skipjack tagged offshore and inshore
could be highly affected by the large variations observed in recovery rates
between tagging cruises, much of which could be explained by differences
in recaptures during the first month at liberty (Adam and Anderson, 1996b).

On the basis of size-dependent movements observed during both tagging
programmes, and observations of the sizes of skipjack caught in the
Maldivian and Sri Lankan fisheries, Anderson et aI. (1996) proposed a
model of skipjack migration within the central Indian Ocean. In the
Maldives, small skipjack (40-50 cm FL) are very common, and may be
quasi-resident. When they reach about 50 cm FL they move offshore with
the prevailing currents. During the southwest monsoon period, when the
surface currents are predominantly eastward flowing, 50-60 cm FL fish
move east and are caught in the Sri Lankan gillnet fishery. Skipjack of this
size are relatively common in the Sri Lankan fishery (Amarasiri and Joseph,
1987; Maldeniya and Suraweera, 1991; Maldeniya and Dayaratne, 1994).
Maldeniya and Suraweera (1991) note that female skipjack are unusually
abundant at this time of the year, while they are under-represented in
Maldivian catches (Hafiz, 1985a; Anderson and Waheed, 1990). During the
northeast monsoon period, when the surface flow is predominantly
westward, 50-60 cm FL skipjack move in to western Indian Ocean and are
caught in the purse seine fishery. It is not known whether it is the attainment
of sexual maturity, or just the attainment of a certain size, that promote this
apparent change in skipjack behaviour.

It is proposed that at least some these fish may return to Maldives at later
stage, since 60+ cm skipjack are relatively well represented in the

Maldivian catches (Hafiz, 19~; Anderson and Waheed, 1990; Anderson
and Adam, 1996b). Large skipjack are particularly abundant off the
northern Maldives in October-March and off the southern Maldives during
the intermonsoon periods (sections 2.3.2 and 2.5.1). These results are
consistent with reports from fishermen. They say that large skipjack enter
the northern waters of Maldives from the east during the northeast monsoon

IIII
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n Large skipjack are said to enter the southern Maldives from theseaso . .
th in November (Adnan All, MIFCO, pers. comm.).sou

Ski jack tuna are constrained in their distribution by their physiological
~'irements,notably oxygen and temperature. Temperature requirements

~~qparticularchan.ge with size, ~in~elarger fish need to. find cooler waters
than small fish III order to dIssIpate excess metabolIc heat (Wild and
Hampton, 1994). Regional and seasonal variations in oceanographic
conditions(in particular SST, thermocline depth and oxygen availability) in
waters around the Maldives need to be taken into account in any further
considerationsof skipjack migrations.

2.7. REPRODUCTION

A number of studies have shown that skipjack tuna in the Indian Ocean
reach first maturity at about 39-43cm, with females maturing at a slightly
smaller sizes than males (Hafiz, 1985a; Amarasiri and Joseph, 1987;
Stequertand Ramcharrun, 1996; Timohina and Romanov, 1996). However,
in the Atlantic, the reverse has been observed, with males maturing at a
smaller size than females (Cayre and Farrugio, 1986). There is wide
variation in fecundity despite a relatively narrow size range at first
spawning.From the broad western Indian Ocean, Timohina and Romanov
(1996) showed that batch fecundity ranged from 0.91 million to 2.77
million eggs for fish between 52cm to 69cm. Stequert and Ramcharrun
(1996)showed that in a sample of 281 fish from northwest Madagascar and
Seychelles,fecundity ranged about 0.8 million to about 1.25 million eggs
for sizerange 43-73cm FL. These observed variations in batch fecundity are
perhapspartly due to methodological differences between studies, as well as
beinga real indication of natural variability.

Skipjacktuna spawn throughout the year in the Indian Ocean, with periods
of peak activity (Amarasiri and Joseph, 1987; James and Pillai, 1988;
Stequert and Ramcharrun, 1996; Timohina and Romanov, 1996). In the
western Indian Ocean, Stequert and Ramcharrun (1996) found that peak
spawningperiods occurred from June to the end of August in the southwest
monsoonseason and November to March in the northeast monsoon. In the
sam~area, Timohina and Romanov (1996) observed peak spawning during
Apnl to June and November to January. At Minicoy, Lakshadweep, peak

~aWning occurs during March to May (James and Pillai, 1988). In Sri
Nankan waters, spawning occurs throughout the year, except during

ovemberto January (Amarasiri and Joseph, 1987).
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[n general, there is a preponderance of males in the skipjack population, and
this sex ratio bias is greatest in larger sizes. This predomtnance of males is
also more noticeable during the peak spawning periods (Stequert and
Ramcharrun, 1996).

2.8. STOCK RELATIONSHIPS

The stock structure of skipjack tuna in the Indian Ocean is not well known.
However, skipjack is often considered to be a highly migratory species
(although this characterization may not be entirely valid), and it is often
assumed that there is a single Indian Ocean stock. With the western Indian
Ocean' purse seine fishery bordering the Maldivian EEl to the west and
south, and the Sri Lankan gillnet fishery to the east, a high level of
interaction between the Maldivian fishery and neighbouring fisheries is
likely. Tagging studies conducted in the Maldives have shown that skipjack
released in Maldivian waters are being caught by these neighbouring
fisheries within a short period of time (Yesaki and Waheed, 1992;
Anderson, Adam and Waheed, 1996). A modelling study carried out on the
tag recaptures from the first tagging programme also showed that
emigration may be significant, and more important than natural mortality in
the area (Bertignac, 1994). [n order to obtain a better understanding of the
interactions of the various skipjack fisheries, large-scale tagging in other
areas has to be carried out.

2.9. STOCK STATUS

The tuna fishery of the Maldives has been in existence for centuries. Before
the 1980s there were few other nations in the Indian Ocean fishing for
skipjack tuna, and the catches taken were not sufficient to cause any
concern to the Maldives. With increasing development and expansion of
tuna fisheries in the Indian Ocean, particularly by distant water fishing
nations, understanding the impacts of, and interactions between, the various
fisheries has become vital for the rational management of the skipjack
resource.

To date there has been no comprehensive assessment of Indian Ocean
skipjack tuna stock status. It is assumed that there is one Indian Ocean stock
and that is "in good shape" (IPTP, 1995: 22). Certainly, many fisheries
scientists believe that skipjack stocks are very large and should be able to
sustain high levels of fishing effort. Skipjack tuna are highly fecund, mature
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I and have a relative.lyshort life span. In addition, spawning takes place
earYextensive areas and periods of time. Because of these biological

~~:acteristics it is th~ught that large.ad~lt.populations are not so important
for sustaining recruitment and maintaining the fishery. Fonteneau and
S brier ([996) state that reduced recruitment due to overfishing
(r~~ruitmentoverfishing) has never been observed for species such as
skipjack.

However,there do appear to be some worrying signs in the Maldivian
skipjackfishery. Skipjack catches have stagnated in recent years (Fig. 2.1)
andcatch rates have declined (Fig. 2.4). This might be due (at least partly)
to increasingskipjack catches elsewhere in the Indian Ocean. Adam and
Anderson(1996b) showed that there was a negative correlation between the
Maldivianmasdhoni skipjack catch rates and western Indian Ocean skipjack
catchesduring the period 1988-93 (r = -0.343). Given the migration model
of Anderson,Adam and Waheed (1996) (section 2.6), and assuming that the
purseseinefisherydoeshavean impacton Maldivianskipjackcatches,then
it wouldseem logical to expect the greatest impact on large skipjack catch
rates. For the period 1988-95, the relationship between Maldivian large
skipjackCPUE and western Indian Ocean skipjack catch (Fig. 2.12) is
muchstronger(r = -0.75). While there is no proof of cause and effect, this is
clearlya cause of concern for the Maldives.

Froman analysis of data for the years 1970-85, Hafiz (I986) noted that the
catchoflarge skipjack was greatest in the north and northeast of the country
(his Stratum 4). This is no longer the case (section 2.3). Again, this is
circumstantial evidence for a possible impact of foreign fishing on
Maldiviancatch rates.

Fig.2.13 shows the proportion of large skipjack in catches on the western
andeasternsides of the Maldives. Before 1986, when western Indian Ocean
purse seine fishery activity was low, the proportions of large skipjack on
both sides followed same pattern, and the proportion of large skipjack in
eastcoastcatches was higher than that in west coast catches for exa~tIythe
samenumberof years that the opposite occurred (8 years out of 16).
However,from 1986, with increased purse seining activity, the proportion
~ large skipjack on the west coast declined relative to that onthe east coast.

est coastcatch rates were lower than east coast catch rates in I lout of 12

of yea!s during the period 1986-97. This might have been the res~lt of a
reduction in immigration of large skipjack to the west coast from the
WesternIndian Ocean.
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The government agency MIFCO buys a large proportion of the skipjack
caught in the Maldives (Table 2.4). From its purchasing records the average
weightof a substantialskipjacksamplecan be estimated.Priorto 1993this
was a biased estimate of the average weight of the catch because MIFCO
onlyboughtweighingmorethan 1.5kglfish.However,thisbiaswouldhave
been similar in all the years and any trends in the time series should reflect
changes in the average size of the larger skipjack caught in the fishery. The
bias would have been reduced from the beginning 1993, when MIFCO
started to buy fish of under 1.5 kg. There is a clear decrease in the average
weightof skipjackpurchasedby MIFCO,duringthe period1990-93(Cook
1995). This corresponds to the time when large skipjack CPUE also started
to decline.

These various lines of evidence are all suggestive of a negative impact on
Maldivian skipjack catches by overseas fishing activity. The decline in large
skipjack.catch rates and sizes has certainly occurred at the same time as the
expansion of the western Indian Ocean purse seine and the Sri Lankan
gillnet fisheries. In the Pacific there have been several studies of tuna
fishery interactions (cited in Shomura, Majkowski and Langi 1994;
Shomura, Majkowski and Harman 1996). For example, modelling of tag
recovery data combined with analysis of fishing effort in the southwest
Pacific has shown that a decline in pole and line yield of as much as 20%
can occur as a result of the activities of purse seine fisheries (Sibert et aI.,
1996).

However, in the case of the Maldivian skipjack fishery it is not possible to
prove that the two are directly related. This is because other changes have
been occuring at the same time:

. There have been changes in oceanographic conditions (section 2.4),
which must certainly have affected the skipjack resource.. Maldivian pole and line fishing effort has increased to record levels
(Fig. 1.4), and the effect of this on local resources is not well
understood. Sathiendrakumar and Tisdell (1987) suggested that in
the Maldivian tuna fisheries increased fishing effort should produce
increased catches, until some threshold level. Thereafter, further
increases in effort should produce diminishing catch rates. While
there is no evidence for this occurring yet in the Maldivian tuna
fisheries, in other areas it has been shown that local increase in

66

~

67

....

catches can effect local abundance of pelagic fish stocks (Boggs,
1994).

There is clearly much uncertainty regarding the stock status of Maldivian
skipjack tua. But so great is the importace of this one species of fish t.o
the MaldivIan economy, and so traumatIc would be a collapse of thIS
fishery, that every effort should be made to improve understanding of its

population dynamics.

Table 2. I. Annual Maldivian catches (tonnes) of skipjack tuna by vessel

type, 1970-97.
Source:MOFA/EPCS

Year Sailing Mechanized Total Vadhu Total
masdhoni masdhoni masdhoni dhoni

1970 27,068 0 27,068 616 27,684
1971 28,200 0 28,200 509 28,709
1972 17,634 0 17,634 337 17,971
1973 18,761 0 18,761 434 19,195
1974 21,760 0 21,760 400 22,160
1975 13,921 680 14,601 257 14,858
\976 \4,777 4,826 19,603 489 20,092
1977 6,935 7,097 14,032 310 14,342
1978 3,338 10,211 13,549 275 13,824
1979 1,603 16,195 17,798 338 18,136
1980 1,349 21,725 23,074 487 23,561
198\ 577 19,621 20,198 419 20,617
1982 214 15,480 15,694 187 \5,881
1983 122 19,369 19,491 210 19,701
1984 1\ 31,582 31,593 337 31,930
1985 165 42,005 42,\70 435 42,605
1986 \69 45,099 45,268 181 45,449
1987 196 41,676 41,872 240 42,112
1988 142 57,966 58,108 456 58,564
1989 135 57,67\ 57,806 352 58,158
1990 47 59,724 59,771 133 59,904
1991 46 58,715 58,761 144 58,905
1992 93 58,269 58,362 230 58,592
1993 107 58,452 58,559 188 58,747
1994 67 68,452 68,519 892 69,41\
1995 \15 69,338 69,453 851 70,304
1996 77 65,793 65,870 632 66,502
1997 117 68,066 68,\83 833 69,015



Table 2.2. Average weight conversion factors for large and small skipjack
used by MOFA/EPCS.
Source: Adapted from Anderson and Hafiz (1996).

Period of application
Conversion Factor (kg/piece)

Large skipjack Small skipjack Source

1959-1975
1976-1983
1984-1987
1988 - present

7.0
6.18
5.87
5.7

1.963
2.12
2.01
2.1

Shiji & Sato, 1966
Unknown, 1975
Unknown, 1983
Anderson, 1988

Table 2.3. Percentage of large skipjack in regional skipjack length
frequency samples, 1994-96.
Source: MRS (1997)
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fable 2.4. Maldivian Government purchases of fresh skipjack, 1975-94.
S. MIFCO and MOFNEPCS

Source.

Table 2.5. Estimates of von Bertallanfy growth parameters and length-at-
age of skipjack tuna in the central Indian Ocean, from length frequency
studies.
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Percentage oflarge skipjack in the sample
Atoll / Island 1994 1995 1996 94-95

H.A. Ku1hudhufushi 15.2 30.5 6.4 18.8
R. Alifushi 21.0 29.8 -- 26.0
K. Male 11.9 21.6 15.3 16.8
M. Maduvvari 4.6 6.7 2.7 5.0
Dh. Kudahuvadhoo 6.6 7.5 -- 7.1
L. Maamendhoo 13.3 47.8 -- 22.8
G.A. Villingili 35.5 45.9 43.2 41.5
G.Dh. Thinadhoo 26.8 49.3 21.2 34.2

Average 19.0 34.5 16.6 25.3

Year Gov. purchases (t) Total skipjack catch (t) % Gov. purchased

1---1975 1,085.7 14,858 7.3 %

1976 5,504.2 20,092 27.4 %

1977 4,341.4 14,342 30.3 %

1978 4,971.4 13,824 36.0 %

1979 6,936.5 18,136 38.2 %

1980 8,028.9 23,561 34.1 %

1981 6,356.6 20,617 30.8%

1982 5,176.4 15,881 32.6%

1983 3,857.2 19,701 19.6%

1984 5,961.5 32,048 18.6%

1985 8,203.7 42,602 19.3%
1986 9,839.4 45,445 21.7 %
1987 10,436.0 42,111 24.8%
1988 16,826.6 58,546 28.7%
1989 17,107.3 58,145 29.4 %
1990 20,431.1 59,899 34.1 %
1991 13,850.0 58,898 23.5 %
1992 16,941.5 58,577 28.9%
1993 16,875.6 58,740 28.7 %
1994 15,359.3 69,411 22.1 %

Maldives Maldives Sri Lanka Sri Lanka Sri Lanka Minieoy

L"'(em) 78 82 76 85 77 90
k (yr) 0.625 0.450 0.440 0.640 0.520 0.490
to 0 0 0 0 0 0
LI (em) 36 30 27 40 34 35
L2(em) 55 49 44 61 43 56
L3(em) 66 61 56 72 52 69
L4(em) 72 68 63 78 63 77
LS(em) 75 73 68 8] 71 82
LRange 20-76 20-76 22-80 26-82 --- 24-72
Sollree Hafiz, Hafiz, Joseph & Amar.& Sivasubram- James and

]985a 1986 Amar., ]987 Joseph, 1985 anium, ]985 Pillai, ]988



Table 2.6. Growth rate at length for skipjack tuna inthe Indian Ocean.

Area
Growth rate (em/mo at fork length, 01095% CI)
W= W= ~= m= SourceMethod

2.0
1.6
1.3
2.5
1.6
2.1
2.4
1.40100.2
0.80100.11

1.5
1.2
0.9
1.9
1.1
1.5
2.]
1.10100.1
0.50100.07

0.9
0.8
0.6
1.4
1.9
1.3
1.8
0.90100.3
0.20100.14

0.4
0.4
0.2
0.7
OJ
0.8
1.4

Hafiz (1985)

Hafiz (1986)

Joseph & Amarasin (198J)
Amarasir; & Joseph (198;)
Sivasubramanium (1985)
James and Pillai (1988)

Yesaki & Waheed (1992)
Anderson et a1. (1996)

Adam & Anderson (1996b!1

LIF
LIF
LIF
LIF
LIF
LIF

Tagging
Tagging

Tagging

Maldives
Maldives
Sri Lanka
Sri Lanka
Sri Lanka
Minicoy
Maldives (1)
Maldives (2)
Maldives (3)

Notes:

1. Recoveries measured by tape and release measured with board but discrepancy not
corrected. Negative growths eliminated.
2.Recoveries measured by tape and release measured with board but corrected using a tape to
board conversion ratio. Negative growths eliminated
3.Recoveries measured by tape and release measured with board but corrected using a tape to
board conversion ratio. Negative growths NOT eliminated
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Fig. 2.1. Skipjack tuna - annual catches by vessel type
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Fig. 2.3. Skipjack tuna - length frequency distribution of pole and line
catches at five localities in the Maldives, 1994-96 (N=367,183)
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Fi . 2.7. Skipjack tuna - standardized masdhoni catch rates for large and small skipjack
g by region, 1970-1995
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Fig. 2.8. Skipjack tuna - average monthly mechanized masdhoni catch rates for SMALL Skipjack
by region, 1989-95 '
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i .2.9. Skipjack tuna - average monthly mechanized masdhoni catch rates for LARGE skipjack
Fg by region, 1989-95
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Fig. 2.10. Skipjack tuna - monthly mechanized masdhoni catch rates for

large and small skipjack by region, 1989-95
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Fig. 2.11. Skipjack tuna - % contribution to annual tuna catch
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3. YELLOWFIN TUNA
(THUNNUS ALBA CARES)

R. Charles Anderson and Zaha Waheed

3.1.INTRODUCTION

YelIowfintuna (Thunnus albacares) is known locally as kanneli. It is the
second most important fish species in the Maldives in terms of catch
weight,after skipjack tuna. Yellowfin tuna contributed an average of 13%
to the total tuna catch during 1970-97. Recorded catches averaged 6,300 t
peryearduring 1970-97, but doubled to 12,800 tyer year during 1994-97.

YelIowfintuna is a large species, growing to a maximum of over 2 m in
length(Collette and Nauen, 1983). In the Maldives, however, the majority
ofthe catch is of small juveniles, mostly 30-60 cm FL. These are nearly all
takenby livebait pole and line. In addition, some larger yellowfin, of about
60-160cm FL, are caught by handline and longline.

Information on yellowfin tuna from the Maldives was reviewed by
Anderson (1985) and Adam and Anderson (1996a). Information on the
growthand migration of yellowfin in the Maldives and surrounding waters
was reviewed by Anderson (1988b) and Adam (1993). Additional
information is given by Anderson and Waheed (1990), Rochepeau and
Hafiz(1990) and Yesaki and Waheed (1991 & 1992). .

3.2.YELLOWFIN TUNA CATCHES AND CATCH TRENDS

3.2,1.Catch and catch trends

Yellowfintuna catches in the Maldives have increased significantly over the
last 25 years (Table 3.1 and Fig. 3.1). The average annual catch during
1970-72was only 1,800 t; during 1994-97 it was 12,800 1. This increase
~as not steady, much of it occurring in the period 1990-94. This sudden
In~r~asein the early 1990s occurred at the same time as a decline in
skIpjacktuna catch rates (section 2.3.1). These changes both appear to be
relatedto decadal-scale oceanographic variations (sections 1.4.4 and 3.4.2).

~n addition, the decline in skipjack catch rates may have prompted
Ilsh~rmento catch more yellowfin to compensate for reduced skipjack
andmgs.
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The relative contributions qf the main vessel types to annual yellowfin
catches are illustrated in Fig. 3.2. Pole and line ve~sels (masd~onis) are by
far the most IInport~ntvessel type for yell~wfinIn the Maldl~es.Sailing
l11asdhoniswere rapIdly replaced by mechanIzed masdholUsdurIng the late
1970s. However, mechanization did not lead to an immediate increase in
tuna catches (including those of yellowfin tuna), for the reasons outlined in
section 1.3.

Pole and line catches of yellowfin tuna have increased irregularly with
increased l11asdhonifishing effort over the entire period 1970-97 (Fig. 3.4),
There is no suggestion of a levelling off of catch at high levels of fishing
effort. Thus, there is no suppOli, at the levels of fishing seen so far, fora
threshold relationship of the type proposed by Sathiendrakumar and Tisdell
( 1987).

Pole and line is by far the most important gear type for yellowfin in the
Maldives. Roughly 90% of the catch is taken by pole and line. Longline,
troll and livebait handline are also used. MOFA does collect data on catch
by fishing gear, but these data are not reported accurately and do not givea
true reflection of catches by minor gears. Significant catches of yellowfin
tuna were made by trolling vadhu dhonis up until the mid-1980s, but since
then their contribution to total yellowfin catch has been minimal (Fig. 3.2,
see also sections 1.2.3 and 1.3).

Traditionally, Maldivian fishermen have targeted small yellowfin (i.e. those
of less than about 60 em FL). Large yellowfin tuna have presumably always
been present, but were not taken in any numbers, perhaps because there waS
no market for them. Over the last decade, catches of large yellowfm have
increased as markets have developed. These markets are both domestic
(resorts and Male teashops) and export (mostly canned or frozen for
canning, but also some for sashimi). Large yellowfin are caught mainly by
handline or tolling, but also by longline. MOFA has recorded catches of
large yellowfin separately from those of small yellowfin since 1992, but
does not normally report them separately. Recent catches of small and large
yellowfin are summarized by region in Table 3.2.

3.2.2. Accuracy of catch estimates

Recorded catches of yellowfin tuna, as shown in Table 3.1, are likely to
differ from the true catch as a result of inadequacies in the fisheries
statistics system (section 1.5.1). For yellowfin tuna the main problems are:
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. under-reporting,
. inadequateconversion factors,
. problemswith size classification, and. species specificity.

p rry and Rasheed (1995) estimated that yellowfin catches might be
u~derestimatedby about 15% as a result of underreporting. It is possible
that yellowfin catches for the years 1970-71 may have been even more
serioUslyunderreported. Between 1959 and 1969, tuna statistics were
collectedusing only three species categories: large skipjack; small skipjack
and yellowfin; kawakawa and frigate tuna (Anderson, 1986). From 1970,
yellowfinwas reported sepa~atelyfrom small ~kipjackfor the first time. It is
notknownto what extent thIs may have contrIbuted to greater than average
underreportingor misreporting of yellowfin catches. However, it should be
notedthat the apparently low level of yellowfin catches in the years 1970-
72 may reflect a truly low level of catch resulting from oceanographic
variations(section 3.4.2) and/or inflated skipjack catches as a result of
overreporting(section 2.2.2; Anderson, 1986).

Tunacatches are reported by fishermen in numbers, and are converted to
weightsusing average weight conversion factors. For yellowfin tuna, a
singleconversion factor has been used for the whole country (section 3.5.2),
despitethe fact that there are clear regional and seasonal differences in
average weights. While these problems apply to all tuna species, for
yellowfina very large size range is landed (section 3.5.1), which makes the
useof a single conversion factor particularly inappropriate.

Thecollection of separate catch data for large and small yellowfin started in
1992 (Parry and Rasheed, 1995; Anderson and Hafiz, 1996). Separate
conversionfactors for large and small yellowfin were introduced at the
sametime. However, the conversion factor now used for small yellowfin
Wasestimated as a conversion factor for all yellowfin (Anderson, 1988a;
Andersonand Hafiz, 1996). The use of this conversion factor will tend to
resultin an overestimation of yellowfin catches.

Regionallength frequency sampling was started in 1993 in an attempt to

~vercomesome of these problems (Anderson et aI., 1995; Scholz et aI.,
9?6). Although seasonal and regional conyersion factors have been

estImated,they have not been applied.
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A final problem with the yellowfin tuna statistics is the presence of bigeYe
tuna (Thunnus obesus) in the catch. The catch of bigeye tuna is the north
and centre of the country is very small, but in the south may amount to 15%
of the total Thunnus catch. This issue is discussed in section 2.10.

In summary, yellowfin catches are likely to be underreported by about 15%
Inadequate conversion factors added an unknown degree of error to catch
estimates during 1970-91. Since 1992 the conversion factors used may tend
to overestimate catch weight. In the south, these problems are compounded
by the presence of a small but significant component of bigeye tuna in the
catch.

3.3. CATCH PER UNIT EFFORT (CPUE) TRENDS

3.3.1. National Trends

Annual masdhoni catch rates for yellowfin tuna are illustrated in Fig. 3.3.
Both actual and standardized catch rates were particularly low during the
period 1970-72. The possible reasons for this include prevailing
oceanographic conditions (section 3.4) and underreporting of yellowfin
catches (section 3.2.2; Anderson, 1986) at that time.

Actual masdhoni catch rates doubled from about 20 kg/day to about 40
kg/day during the late 1970s, as a direct result of mechanization. During the
period 1973-97, standardized masdhoni yellowfin tuna catch rates have
varied between about 30-50 kg/day. Standardized catch rates appear
alternate between periods when they are relatively high and periods when
they are relatively low. The relationship between catch and catch rate (Fig.
3.5) also shows evidence of this pattern of alternating periods of relatively
low and high catch rates. This is believed to be the result of changes in
relative abundance and/or availability of yellowfin tuna, related to decadal
scale oceanographic variations (sections 1.4.4 and 3.4.2).

Fig. 3.5 also suggests that catch rate is independent of catch over a
relatively large range of catch. This is to be expected if the stock(s) being
exploited are very much larger than the catch of the Maldivian fishery. The
particularly low catch rates at low levels of catch (1970-71) might be
explained in a number of ways, including:

IIII111
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underreporting of yellowfin catch, but not fishing effort, and hence
. underestimation of yellowfin catch rates in the first years of a new

catch reporting system (section 3.2.2);. genuinely reduced cat(;h rates as a result of unfavourable oceanographic
conditions (section 3.4); or

. inadequacies in the standardization of masdhoni effort data: although
sailing masdhonis caught half the total tuna taken by mechanized
masdhonis, it may be that sailing masdhonis were relatively less
efficient at catching yellowfin than they were at catching other
species. This, however, seems unlikely since in the first three years
after mechanization for which data are available (1979-81), sailing.
masdhonis caught twice as much yellowfin in proportion to their
skipjack catch as did mechanized masdhonis.

3.3.2.Latitudinal Trends

Averagecatch rates for different time periods, for both trolling and pole and
linevessels,are presentedin Table3.3. Summarizing,actualaveragecatch
ratesfor pole and line vessels by region during the period 1970-83were:

North 54 kg/day
Centre 31 kg/day

. South 10 kg/day

Thesedata would appear to supportpreviousreports that yellowfintuna
appearsto be commoner in the north and centre of the Maldives than in the
south(Anderson, 1985 & 1992). However, during the period 1989-95, this
latitudinaltrend in pole and line catch rates was less clear cut (Table 3.3),
althoughthe lowest catch rates were still obtained in the south:

North 48 kg/day
Centre 55 kg/day
South 37 kg/day

Therelative decrease in northern catch rates between 1970-83 and 1989-95
canbe largely attributed to a decrease in catch rates off Raa and Baa atolls
duringthe southwest monsoon season (Table 3.4). This might possibly be
the result of competition for fish from the western Indian Ocean purse seine
fishery(section 3.9). The relative increase in catch rates in the south might
be attributed in part to the effects of mechanization, ~il1owingpole and line
vesselsthere to visit offshore seamounts where yellowfm are particularly
abundant.Note, however, that catches of small yellowfm by mechanized
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masdhonis during 1994-97 were consistently highest in the north and lowest
in the south (Table 3.2).

For trolling vessels, for the periods 1970-83 and .I989-95 combined, actual
average catch rates for yellowfin tuna by latitudinal region were:

North 1.7 kg/day
Centre 5.0 kg/day
South 4.6 kg/day

The reasons for the difference in latitudinal distribution of catch rates
between trolling and pole and line vessels are not known. However, the
particularly low trolling catch rates in the north of the country may be
related to the abundance there of other target species, notably kawakawa
and frigate tuna (sections 4.3.2 and 5.3.2).

In summary, evidence from pole and line catch rates suggest that yellowfin
tuna is more abundant in the north and centre of the Maldives than in the
south. However, this pattern does not hold for trolling vessel catch rates.
Note that this discussion refers to juvenile yellowfin tuna only.

The latitudinal trends in the abundance of large yellowfin are not well
known. Recent regional catches of large yellowfin are summarized in Table
3.2. During 1995-97 the highest catches were recorded in the central region,
reflecting high landings to Male market. It is not possible to calculate
reliable CPUE indices from these catch data, because the available effort
data apply to all fishing trips, not just the relatively few trips that targeted
large yellowfin tuna. There are seasonal fisheries for large yellowfin, which
are discussed below.

3.3.3. Seasonal Trends

Yellowfin tuna catches and catch rates show marked seasonality in the
Maldives. Deraniyagala (1956) appears to have been the first to record this.
During a visit to Maldives in 1932 he noted that fishermen reported that
yellowfin were most abundant near Male in the northeast monsoon season.
Anderson (1985) reviewed yellowfin catch and effort data for the whole
country and noted that there are two major seasonal components to the pole
and line fishery for juvenile yellowfin tuna:

1. Southwest monsoon fishery off the west coast during June to September.
2. Northeast monsoon fishery off the east coast during December to March.
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This pattern has been confirmed by Anderson (1988) and Rochepeau and
Hafiz(1990). In both seasons juvenile yellowfin are carried towards the
Maldivesby the prevailing monsoon currents. These small yellowfin are
fiequently associated with drifting objects (oivaali), and also with ocean
~ickS(asdhandhi) and seamounts. They are typically in the size range 25-
~5 em FL. Anderson and Hafiz (1986) mapped the approximate extent of
these seasonal fisheries. Anderson (1988) subsequently extended the
analysisto adjacent waters and developed a migration model for juvenile
yellowfinin the central Indian Ocean (Fig. 3.7; section 3.6).

Seasonalcatch rates for pole and line vessels are listed by area in Table 3.4,
and for trolling vessels in Table 3.5. For pole and line vessels, on the east
sideof Maldives (from Shaviyani to Meemu), catch rates tend to be higher
in the northeast season than in the southwest season. The difference
betWeenthe seasons is more marked for the east-central atolls (Lhaviyani to
Meemu) than for the northeastern atolls (Shaviyani and Noonu). This is
becausevessels from Shaviyani can easily fish on both sides ofthe country.
On the west side of Maldives (Raa to Thaa), catch rates are consistently
higherin the southwest season than in the northeast season. In the far north,
there is no consistent seasonal pattern, with juvenile yellowfin catch rates
being higher in the northeast season in some years, and higher in the
southwest season in others. In the south, catch rates are low, and inter-
seasonalvariation is not great, although the highest catch rates tend to be
seenin the southwest season.

Thediscussion above refers only to juvenile yellowfin tuna. The seasonal
distributionof large yellowfin tuna is not so well known. This is an area
wherefurther work is needed. However, there is a seasonal fishery for large
yellowfinin the far south of Maldives off Fuvah Mulaku and Addu Atolls in
Novemberand December each year (Anderson, 1985; Anderson, Adam and
Waheed, 1993). Off Male, large yellowfin were caught mostly in March-
April,but in recent years as demand has grown they are taken in all months.
In the far north of Maldives, off Haa Alifu Atoll, large yellowfin are taken
duringJanuary to April (Adam and Anderson, 1996a).
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3.4. OCEANOGRAPHIC VARIATIONS

3.4.1. EI Nino Southern Oscillation Events

Maldivian yellowfin catches and catch rates tend to increase during ENSO
events (Anderson, 1987, 1991 & 1993; Hafiz and Anderson, 1994'
Rochepeau and Hafiz, 1990). High catch rates were recorded in each of th~
ENSO events: 1972-73, 1976, 1982-83, 1987 and 1992-94 (Figs. 1.5, 3.3
and 3.6). Note, however, that during ENSO events that last for more than
one year, elevated catch rates are only apparent during the latter part of the
event (i.e. in 1973, 1983 and 1994, but not in 1972, 1982and 1992-93).

During La Nina events, yellowfm tuna catch rates may be depressed.
However, this effect is not as obvious as the effect of ENSO events on
yellowfincatchrates. Catchrateswere reducedduringthe 1971and 1974
La Nina events, but not during the 1988-89event.

An analysis of monthly pole and line catch rates by atoll for the period
1989-95 showed that yellowfin catch rates increased in both the east and
west coast fisheries during ENSO events. Only in the far south of the
Maldives (G.Dh., Gn. and S. Atolls) was there no obvious increase in
yellowfin catch rates associates with ENSO events.

Anderson (I 991) carried out a study of mechanized masdhonis catches in
the region of the Vatteru Channel between Vaavu and Meemu Atolls during
the six year the period 1985-90. He noted elevated catch rates for yellowfin
tuna during June to September 1987. This corresponds to the period of the
southwest monsoon fishery on the west coast. He suggested that the catches
of yellowfin made in the Vatteru Channel in mid-1987 derived in part at
least from these 'west coast' fish. Alternatively, the reduced winds
associated with ENSO events may result in 'east coast' fish being less likely
to move away from the east coast during the southwest monsoon.

Elsewhere in the western Indian Ocean, oceanographic conditions
associated with ENSO events (see section 1.4.4) have been hypothesized to
promote the survival of yellowfin larvae (Marsac and Hallier, 1990; Marsac,
1992). This would presumably result in increased recruitment to the
Maldivian pole and line fishery. The time lag between effects on larval
survival and consequent effects on recruitment might go some way towards
explaining the observation that yellowfin catch rates are high during the
latter part of multi-year ENSO events.
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' 2 Decadal Scale Variations) .

A hasalready been noted above (sections 1.4.4,2.4.2 and 3.3.1), yellowfins
a catches in the Maldives appear to be affected by decadal scaleILl11- ' . . .

eano(Jraphicvariations. Catches of yellowfm were hIgher than expectedOC I:> .. .
for the level of pole and hne fishIng effort expended during 1973-84 and
from 1994-97. Lower than expected catches were obtained in 1970-72 and
1985-91. The same pattern is apparent in Figs. 3.5 and 3.6.

1992 and 1993 are years with intermediate yellowfin catch rates. New
averageweight conversion factors were introduced in 1992, which will have
ledto an increase in estimated catch (sections 3.2.2 and 3.5.2). Therefore,
1992and perhapsalso 1993 might best be consideredas years with low
yellowfmcatch rates.

3.5.YELLOWFIN TUNA SIZE AND GROWTH

3.5.1. Length Distribution

Asummarylength frequency distribution for yellowfin tuna measured at six
samplingsites during 1994-96 is given in Fig. 3.8. Of the 146,285 yellowfin
tunameasured, 95% were within the range 25-62 cm FL. 50% were within
the range 40-49 cm FL. The modal length of the sample measured was
49cmFL,and the mean lengthwas 45cm FL. The smallestyellowfin tuna
measuredwas 17cm FL. The largest was 189cm FL, although the second
largestwas only 165cm FL, and 99% were shorter than 75cm FL. These
sizerangesare similar to those reportedin previousstudiesof Maldivian
yellowfin(Anderson, 1985; Adam and Anderson, 1996a). Thus the majority
ofthe yellowfin tunas caught are small juveniles taken by the pole and line
fishery.These are for the most part somewhat smaller than the yellowfin
caughtelsewhere in the Indian Ocean (see IPTP, 1992: Fig. 30).

3.5.2.Average Weights

Tu~acatches are reported by fishermen in numbers, and are converted to
~elghts using average weight conversion factors. For yellowfin tuna, the
followingconversion factors have been used by the Ministry of Fisheries

~ndAgriculture at different times (Anderson, 1986; Anderson et a\., 1996;
cholzet aI., 1997):
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1959-1975
1976-1987
1988-1996

1.963 kg/fish
2.12 kg/fish
2.6 kg/fish

(Shiji and Sato, 1966)
(Source unknown)
(Anderson, 1988)

The first two conversion factors applied t6 small yellowfin only, whereas
the third conversion factor was supposed to apply to all yellowfin. It has
however, been applied to small yeIlowfm since 1992, when a conversio~
factor of 20 kg/fish for large yellowfin was introduced (Parry and Rasheed
1995; Anderson and Hafiz, 1996). '

The use of single conversion factors for the whole country is recognizedas
inadequate (Anderson, 1986; Parry and Rasheed, 1995; Anderson et al
1996; Scholz et aI., 1997). This is particularly the case with yellowfin tun~'
which has a large size range and shows marked seasonal variations in siz~
composition and abundance. In an attempt to overcome these problems,
more comprehensive regional sampling of catches was started in late 1993.
Annual average weight estimates of small yellowfin tuna landed at seven
locationsduring 1994-96rangedfrom 1.8-2.1kg/fish(Scholzet aI., 1997).
These estimates are close to the original yellowfin conversion factors of
1.963 and 2.12 kg/fish. The current use of a 2.6 kg/fish conversion factor
for small yellowfin is clearly inadequate.

The average weights of large yellowfin sampled during 1994-96 ranged
widely, from 10-24 kg/fish. The lower average weight estimates were from
regional locations which sampled pole and line vessels only, while the
highest average weights were from Male, where handline as well as pole
and line vessels were sampled (Scholz et aI., 1997). The single conversion
factor of 20 kg/fish for large yellowfin currently in use clearly fails to take
account of these wide regional variations in average weight.

3.5.3. Growth

The growth of yellowfin tuna in the Maldives has been studied by analysis
of both length frequency data (Anderson, 1988b; Adam, 1993) and tagging
data (Yesaki and Waheed, 1991 & 1992). These studies concentrated on
juvenile yellowfin, because large yellowfin are under-represented in
Maldivian catches, and so they were unable to develop growth models for
the full size range of the species. From the length frequency studies, a linear
growth rate of 2.9:1:0.4 cm/mo between 30-70 em FL was estimated
(although growth at half that rate could not be discounted). From tagging
studies, a compatible growth rate of 2.4 cm/mo at 70 cm FL was estimated.
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art of this present study, monthly length frequency histograms of allASp
' Iable data were produced. No attempts were made to fit von Bertalanffyaval
wth parameters (or those of any other growth model) to these data

~roause of the limited size range sampled. Inspection of the histograms
~~wed many periods of modal stasis, and no extended periods of

~nambiguousmodal progression.

Theuse of length frequency data to estimate tuna growth rates can certainly
be problematic. Although length frequency data may show clear modal
progression,it may be impossible to distinguish between real growth and
apparent growth resulting from migration of different sized/aged fish
through the sampling area. This problem is exemplified in the case of
juvenileyellowfin in the western Indian Ocean by some studies producing
'fast' growth rate estimates of about 3 cm/mo (Marcille and Stequert, 1976;
Anderson,1988b; Yesaki, 1992) while others favour 'slow' growth at about
half that rate (Marsac and Lablanche,1985; Marsac, 1992;Firoozi and
Carrara,1994).There is a need for further work to resolve this issue.

Otolithmicroincrement analysis may have value in estimating growth rates,
providing that the periodicity of microincrement deposition is validated
(Wild, 1986; Yamanaka, 1988). A total of 737 juvenile yellowfin were
injectedwith tetracycline, tagged and released near Baa Atoll in August
1995 (Anderson, 1995b; Anderson, Adam and Waheed, 1996).
Unfortunately, recaptures were very poor, and no tetracycline-marked
otolithswere recovered (Anderson, 1996a).

3.6.YELLOWFIN TUNA MIGRA nON

Anderson (l988b) proposed a model of yellowfin tuna migration in
Maldivianand adjacent waters based on an analysis of CPUE and length
:requencydata. He proposed that there is a broad band of juvenile yellowfin
10the equatorial central Indian Ocean, and that these fish move back and
forth in phase with the seasonally oscillating monsoon currents.
Concentrationsof juvenile yellowfin are therefore found off exposed coasts.
Thus,peak catches are made off the western coasts of Maldives, Sri Lanka
andsouth India during the southwest monsoon, and off the eastern coasts of
Maldivesand Sri Lanka as well as Minicoy during the northeast monsoon
(Fig,3.7).
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This migration model was subsequently confirmed by tagging studies
which showed that juvenile yellowfin do indeed move in phase with th'
seasonallyoscillatingmonsooncurrents(Yesakiand Waheed,1991& 1992e
Anderson et aI., 1996). Of 3211 yellowfin tagged in both taggin~
experiments, 158 (4.9% of releases) were recovered. up to the end of
October 1998 (Table 1.10). Of these, 25 (15.8% of recoveries)Were
recovered outside of the Maldives. Six tagged yellowfin (3.8% of
recoveries) were recaptured by Sri Lankan vessels, to the east of Maldives'
five of these were recaptured during the southwest monsoon season:
Nineteentaggedyellowfin(12.0%of recaptures)wererecapturedby purse
seiners operating to the west of Maldives; of these, all 6 for which accurate
date of recapture was reported were caught during the northeast monsoon
season.

It has been suggested (Anderson, 1988b; Adam, 1993;Adam and Anderson,
1996a) that yellowfin tuna of intermediate size may migrate northwards
from the Maldives into the northern Arabian Sea. These yellowfin are
presumed to return southwards as they mature. This would explain the
abundance of small and large yellowfin but scarcity of intermediate sized
yellowfin in equatorial waters, and the abundance of intermediate sized
yellowfin at the head of the Arabian Sea.

Adam and Anderson (1996a) noted that there was no obvious sign of
change with latitude in the size of yellowfin caught by pole and line within
the Maldives. They therefore suggested that if there is a northward
migration, it does not start until the yellowfin have grown to a size greater
than that at which they are normally taken by pole and line (i.e. greater than
60 cm FL). For western Indian Ocean yellowfin, a change in body
proportionsdeterminedby detailedanalysisof length-weightdata hasbeen
notedat about64-68cmFL,andthis hasbeen interpretedas a "turningpoint
... in the life of this fish" (Montaudouin, Hallier and Hassani, 1990;Hallier,
]991). Along the west coast of Sri Lanka a northward movement of
yellowfin was demonstrated by Maldeniya and Joseph (1988), mainly on
the basis of changes in relative abundance of 60-80 cm FL fish.

The migrations of large yellowfin tuna within Maldivian waters are not well
known. Seasonal fisheries are noted in section 3.3.3. From Japanese
longline data, a model of large yellowfin migration was proposed by Morita
and Koto (] 971). They suggested that there is a movement of large
yellowfin up past the south of Maldives during October to March each year.
This corresponds to the annual large yellowfin fishery off Fuvah Mulaku
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d Addu Atolls in November-December (Anderson, Adam and Waheed,
~~93), and suggests that these large yello~~n are .highly migratory.
However, results fro~ the the. second MaldIvIan taggIng programme in
1993-95give a very dIfferent pIcture. Of 83 large yellowfin tagged in the

uthern Maldives, 10 (12%) were recovered there; no recoveries were
:ade in other localities (Anderson, Adam and Waheed, 1996).

3.7.YELLOWFIN TUNA REPRODUCTION

The majority of the catch is of immature juveniles. A single sample of
yellowfinwas sampled for gonad maturity at Felivaru cannery in 1985; the
majorityof the sample was of small fish of indeterminate sex (Anderson,
]985). There has been no other study of yeHowfinreproductionin the
Maldives.

In the wider Indian Ocean yellowfin reproduction has been the focus of
numerousstudies (e.g. Joseph and Maldeniya, 1987; Hassani and Stequert,
1991;Timochina and Romanov, 1991). Maturity is reached at about 100-
110cm FL. Sex ratios are roughly equal up to about 110-140 cm FL,
althoughmales predominate in some areas and females in others. At larger
sizes males always predominate, and females longer than 160 cm FL are
particularly rare. Spawning probably occurs year-round in many areas,
particularlyin equatorial regions. In the western Indian Ocean purse seine
grounds,the major reproductive period is between November and March,
with a secondary spawning period from July to September. Fecundity is
high. It increases with size, but varies greatly between individuals and has
beenestimatedat 1.5- 8 millioneggsper femaleper spawning.

3.8. YELLOWFIN TUNA STOCK RELATIONSHIPS

Thestock structure of yellowfin tuna in the Indian Ocean is not well known.
For Some purposes a single ocean-wide stock has been assumed (IPTP,
1992).However, it is likely that there are at least two Indian Ocean stocks.
Moritaand Koto (1971) concluded, from an analysis of Japanese longline
data, that there were separate eastern and western stocks with a boundary at
about lOO°E.Nishida (1992) proposed a multiple stock model from an
analysisof longlinefisherydata.He alsosuggestedthat thereare twomajor
stocksin the Indian Ocean: a western and an eastern stock, but with an area
of overlap between about 70° - 900E.
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This migration model was subsequently confirmed by tagging studie
which showed that juvenile yellowfin do indeed move in phase with thS,
seasonallyosciIlatingmonsooncurrents(YesakiandWaheed,1991& 1992e
Anderson et aI., 1996). Of 3211 yellowfin tagged in both taggin~
experiments, 158 (4.9% of releases) were recovered. up to the end of
October 1998 (Table 1.10). Of these, 25 (15.8% of recoveries)were
recovered outside of the Maldives. Six tagged yellowfin (3.8% of
recoveries) were recaptured by Sri Lankan vessels, to the east of Maldives.
five of these were recaptured during the southwest monsoon season:
Nineteen tagged yellowfin (12.0% of recaptures) were recaptured by purse
seiners operating to the west of Maldives; of these, all 6 for which accurate
date of recapture was reported were caught during the northeast monsoon
season.

It has been suggested (Anderson, 1988b; Adam, 1993;Adam and Anderson,
1996a) that yellowfin tuna of intermediate size may migrate northwards
from the Maldives into the northern Arabian Sea. These yellowfin are
presumed to return southwards as they mature. This would explain the
abundance of small and large yellowfin but scarcity of intermediate sized
yellowfin in equatorial waters, and the abundance of intermediate sized
yellowfin at the head of the Arabian Sea.

Adam and Anderson (1996a) noted that there was no obvious sign of
change with latitude in the size of yellowfin caught by pole and line within
the Maldives. They therefore suggested that if there is a northward
migration, it does not start until the yellowfin have grown to a size greater
than that at which they are normally taken by pole and line (i.e. greater than
60 cm FL). For western Indian Ocean yellowfin, a change in body
proportionsdeterminedby detailedanalysisof length-weightdata hasbeen
notedat about64-68cmFL,andthis hasbeen interpretedas a "turningpoint
." in the lifeof this fish"(Montaudouin,Hallierand Hassani,1990;HaIlier,
199I). Along the west coast of Sri Lanka a northward movement of
yellowfin was demonstrated by Maldeniya and Joseph (1988), mainly on
the basis of changes in relative abundance of 60-80 cm FL fish.
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The migrationsof largeyellowfintunawithinMaldivianwatersare notwell
known. Seasonal fisheries are noted in section 3.3.3. From Japanese
longline data, a model of large yellowfin migration was proposed by Morita
and Koto (1971). They suggested that there is a movement of large
yellowfin up past the south of Maldives during October to March each year.
This corresponds to the annual large yellowfin fishery off Fuvah Mulaku
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d Addu Atolls in November-December (Anderson, Adam and Waheed,
~~93), and suggests that these large yello~~n are .highly migratory.
However, results fro~ the the. second MaldIvIan taggIng programme in
1993-95give a very dIfferent pIcture. Of 83 large yellowfin tagged in the

uthern Maldives, 10 (12%) were recovered there; no recoveries were
:ade in other localities (Anderson, Adam and Waheed, 1996).

3.7.YELLOWFINTUNA REPRODUCTION

The majority of the catch is of immature juveniles. A single sample of
yellowfmwas sampled for gonad maturity at Felivaru cannery in 1985; the
majorityof the sample was of small fish of indeterminate sex (Anderson,
1985). There has been no other study of yeHowfin reproduction in the
Maldives.

In the wider Indian Ocean yellowfin reproduction has been the focus of
numerousstudies (e.g. Joseph and Maldeniya, 1987; Hassani and Stequert,
1991;Timochinaand Romanov,1991).Maturityis reachedat about 100-
11Oem FL. Sex ratios are roughly equal up to about 110-140 cm FL,
althoughmales predominate in some areas and females in others. At larger
sizes males always predominate, and females longer than 160 cm FL are
particularly rare. Spawning probably occurs year-round in many areas,
particularlyin equatorial regions. In the western Indian Ocean purse seine
grounds, the major reproductive period is between November and March,
with a secondary spawning period from July to September. Fecundity is
high. It increases with size, but varies greatly between individuals and has
beenestimatedat 1.5- 8 millioneggsper femaleper spawning.

3.8. YELLOWFINTUNA STOCK RELATIONSHIPS

Thestock structure of yellowfin tuna in the Indian Ocean is not well known.
For some purposes a single ocean-wide stock has been assumed (IPTP,
1992).However, it is likely that there are at least two Indian Ocean stocks.
Moritaand Koto (1971) concluded, from an analysis of Japanese longline
data, that there were separate eastern and western stocks with a boundary at
about 1O0oE.Nishida (1992) proposed a multiple stock model from an
analysisof longline fishery data. He also suggested that there are two major
stocksin the Indian Ocean: a western and an eastern stock, but with an area
of overlap between about 70° - 90OE.
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Adam and Anderson (1996a) noted that if there are two main yellowfin
stocks, then the yellowfm caught off the west coast of Maldives during the
southwest monsoon were probably recruited from the western stock, while
those caught off the east coast during the northeast monsoon might come
from the eastern stock. Adam and Anderson (1996a) found no obvious
correlation between southwest monsoon fishery CPUE and northeast
monsoon fishery CPUEs (previous year, same year and following year).
This finding does tend to support the two stock hypothesis. The similarity in
CPUEtrends over the period 1970-97for the two fisheries(section3.3.3)
might still be attributed to large scale variations in oceanographic
conditions.

3.9. STOCK STATUS

The stock status of yellowfm tuna in the Indian Ocean is not well known. In
the Indian Ocean as a whole, yellowfin tuna is the most important tuna
species caught, in terms of catch weight. Yellowfin catch in 1995 was
3 I0,500 t, which was 34% of the total recorded Indian Ocean tuna catch
(IPTP, 1997).

Only one regional stock assessment of Indian Ocean yellowfin has been
carried out. That was in 1991 (IPTP, 1992). No firm conclusions could be
reached about the status of Indian Ocean yellowfin at that time, largely
because of problems with standardizing catch and effort data and lack of
some key biological information. Nevertheless, under some assumptions,
some assessment models suggested high and perhaps unsustainable levelsof
fishing effort and mortality.

In 1995, the IPTP Expert Consultation concluded, without conducting a
rigorous stock assessment exercise, that Indian Ocean yellowfin tuna stock
status was still uncertain (IPTP, 1995). This was largely because of
uncertainties over stock structure. If there is a single Indian Ocean stock
then it was thought likely that the then current level of fishing was moderate
and probably not in the range to adversely affect the stock. However, if
there are two major stocks, the then current high level of fishing in the
western Indian Ocean was likely to be close to or in excess of the maximum
sustainable yield (MSY) for that stock.

Since 1995, new catch data have become available (IPTP, 1997). They
show that Indian Ocean yellowfm catches peaked in 1993 (at 380,500 t),
since when they have declined (to 288,300 t in 1994and 310,500 t in 1995).
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e data need to be interpreted in the light of particularly high levels of
Theslineactivity in 1993. Nevertheless, the drop in catches in 1994-95long

Id be a cause for concern.shoU

Adam and Anderson (1996a) noted that although Maldivian yellowfin
tchesand total catch rates had been increasing in recent years, catch rates

~arthe major west coast fishery had declined during the period 1984-1993.
~ellowfinCPUE for the west coast, southwestmonsoon fishery is now
lowerthan that of the east coast, northeast monsoon fishery, whereas the
oppositehad alwa~s .been t~ue bef?re (Tables 3.7 and 3.8). One possible
explanationfor thIs IS th~t mcreasl?g catches of yel~owfin t~na by other
nationsin the western IndIan Ocean ISadversely affecting recrUItmentto the
southwestmonsoon fishery in the Maldives (Adam and Anderson, 1996a).

In summary, the status of yellowfin tuna in the Indian Ocean remains
uncertain.However, the very high levels of fishing activity in the western
IndianOcean, the recent drop in Indian Ocean catches, and the decrease in
catchratesof yellowfintuna in the Maldivianwest coast fishery are all
causesfor concern.

3.10. OTHER INFORMATION

3.10.1. Bigeye tuna

Bigeyetuna (Thunnusobesus) is very similar in appearanceto yellowfin
tuna. In the M~ldives, catches of the two species are not distinguished. Any
bigeyetuna caught is lumped with yellowfin tuna in the national statistics.

Thepresence of bigeye tuna in Maldivian catches was noted by Anderson
(1986), Hafiz and Anderson (1988) and Yesaki and Waheed (1991).
Informationon the occurrence of bigeye tuna in Maldivian catches up to
1990was summarized by Anderson and Hafiz (1991). They noted that
bigeyetuna makesup a relativelysmallproportionof the Maldiviantuna
~atch,andthat it appearsto be commonerin the southof the Maldivesthan
10the north.

Anderson( 1996b) reviewed information on the occurrence of bigeye tuna in
yellowfincatches up to 1994. Bigeye tuna was found to make up about 15%

°: the Thunnus (i.e. combined yellowfin and bigeye) catch by numbers in\e south of the Maldives, but only just over I% in the north and centre of
t e COuntry.Nearly all the bigeye tuna caught in the Maldives are rel~tively
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small, .surface-swimming juveniles, taken. by pole. and line. The modal
length III the south was about 58 cm FL, with an estimated mean weight f
3.6 kg. In the north and centre, the modal length of bigeye catches w~
about 36 cm FL, with an estimated mean weight of 1.1 kg. s

Anderson (1996b) estimated annual catches of bigeye tuna for the south and
north-central Maldives separately, using the Kudahuvadhoo Channel nOI1h
of Thaa Atoll as a dividing line. These data are reproduced here (Table 3.9)
and updated to include catch estimates for 1995-97. Annual average catch i;
estimated to have risen from about 100 t per year in the early 1970s to about
500 t per year in the mid-1990s. Note that the Veimandhoo Channel south
of Thaa Atoll may be a more appropriate dividing line, as it is for other tuna

. species (see section 1.4.1), but further sampling is required to confirm this
for bigeye tuna.

3.10.2. Yellowfin tuna and dolphins

Yellowfin tuna (Thunnus albacares) is a major target of tropical pelagic
fisheries around the world, including the Indian Ocean. In some areasof
their range, most notably in the eastern tropical Pacific (ETP), large
yellowfin tunas frequently associate with dolphins. The main dolphin
species involved are the pantropical spotted dolphin (Stenella attenuata),
the spinner dolphin (Stenella longirostris) and the common dolphins
(Delphinus spp), although other species are also involved. The targetingof
dolphin-associated yellowfin tuna schools by tuna purse seiners in the ETP,
and consequent mortality of the dolphins has been a major issue sincethe
early 1970s.

.Maldivian fishermen have traditionally targeted juvenile yellowfin and
other small surface-swimming tunas. Although large yellowfin were present
in Maldivianwaters,most fishermendidnot targetthem.Thiswas because
the fishermen could achieve higher catch rates using pole and line and
because there was no specific market for such large fish. Within the lastfew
years, however, markets (both domestic and export) have developed for
large yellowfin. As a result, some Maldivian tuna fishermen are noW
targeting these fish, and it has become apparent that large yellowfin do
associate with dolphins in Maldivian waters.

This association has recently been reported on by Anderson and Shaall
(1998). They note that large yellowfin tuna (Thunnus albacares) are
regularly found in association with dolphins in Maldivian waters. 'fbe
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ecies involved are the spotted dolphin (Stenella attenuata) and the spinneri (phin (Stenella longirostris). Maldivian fishermen targeting large

~l1owfinuse the presence of dolphin schools to locate the tunas. The
Yel1owfinare caught using simple handlines, and are mostly within the
iengthrange 70-160 cm FL. No dolphins are caught or harmed.

Table 3.1. Annual Maldivian catches (t) of yellow fin tuna by vessel type,
1970-97.
Source: MOFA/EPCS.
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Year Sail P/L Mech P/L Total P/L Trolling Misc Total

1970 1,799 -- 1,799 190 ... 1,989

1971 1,081 -- 1,081 146 ... 1,227
1972 1,940 -- 1,940 136 ... 2,076
1973 5,234 -- 5,234 241 ... 5,475
1974 3,868 -- 3,868 260 ... 4,128
1975 3,348 164 3,512 262 ... 3,774
1976 3,569 912 4,481 410 ... 4,891
1977 2,530 1,593 4,123 350 ... 4,473
1978 1,324 1,890 3,214 370 ... 3,584
1979 733 2,959 3,692 597 ... 4,289
1980 471 3,176 3,647 582 ... 4,229
1981 273 4,467 4,740 544 ... 5,284
1982 167 3,603 3,770 234 ... 4,004
1983 112 5,872 5,984 257 ... 6,241
1984 76 6,818 6,894 230 ... 7,124
1985 82 5,715 5,797 242 27 6,066
1986 22 5,178 5,200 121 0 5,321
1987 9 6,522 6,531 137 2 6,670
1988 12 6,366 6,378 154 3 6,535
1989 6 5,972 5,978 103 1 6,082
1990 5 5,225 5,230 50 0 5,280
1991 5 7,649 7,654 55 2 7,711
1992 11 8,628 8,639 57 I 8,697
1993 17 10,006 10,023 83 4 10,110
1994 8 12,859 12,867 259 0 13,126
1995 32 12,319 12,351 154 0 12,504
1996 11 12,275 12,286 151 3 12,440
1997 9 12,838 12,847 184 0 13,028



Table 3.3. Average regional catch rates (kg/day) for yellowfin tuna by
I

different vessel types and time periods I
Source: MOFA/EPCS data compiled by MRS I
Note: North includes atolls from HA to Lh; Centre from K to Th; South from L to S

I
Vessel Type Propulsion

Trolling Sail
Sail
Sail
Sail & Mcch

Pole and line Sail
Sail & Mech
Mechanized
Mechanized
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r iable 3.4. Average seasonal catch rates (kg/day) for yellowfin tuna by pole
(ldliine vessels for different areas and time periods

~ource:MOFNEPCS data compiled by MRS
Note:SW monsoon season lasts from June to October; NE monsoon from December to April

Table 3.5. Average seasonal catch rates (kg/day) for yellowfin tuna by
trolling vessels for different areas and time periods
Source: MOFA/EPCS data compiled by MRS
Note: SW monsoon season lasts trom June to October; NE monsoon from December to April
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Tale 3.2. Recent recorded catches of large and small yellowfin tuna, by
regIOn.
Source: EPCS/MOFA data compiled by MRS

1994 1995 1996 1997

Small yellowfin
North 5,824 t 5,138 t 4,263 t 5,089 t

Centre 4,639 t 3,882 t 3,548 t 4,061 t
South 1,640 t 1,638 t 2,213 t 1,902t
Total 12,103 t 10,658 t 10,024 t 11,052 t

Large yellowtin
North 471 t 352 t 262 t 357 t

Centre 175 t 1,115 t 1,212 t 1,037 t
South 377 t 379 t 942 t 581 t
Total 1,023 t 1,847 t 2,216 t 1,976 t

Total Yellowtin
North 6,295 t 5,490 t 4,524 t 5,447 t

Centre 4,814 t 4,997 t 4,760 t 5,098 t
South 2,017 t 2,017 t 3,155 t 2,483 t
Total 13,126 t 12,504 t 12,440 t 13,028 t

Years Catch Rates (kg/day)
North Centre South

1970-74 1.1 2.9 4.0
1975-78 2.8 9.9 6.4
1979-83 1.9 7.2 5.7
1989-95 1.3 2.2 3.1

1970-74 16.2 16.1 5.2
1975-78 70.7 35.8 13.4
1979-83 78.8 42.8 10.9

1989-95 48.1 54.6 36.9

Area 1970-74 1975-78 1979-83 1989-95

Sailing P/L Mixed P/L Mech P/L Mech P/L
SW NE SW NE SW NE SW NE

1'10111>(HA-HDh) 9.9 17.2 58.9 169.2 121.0 26.6 57.2 49.8
NE(Sh-N) 3.1 15.9 31.6 56.5 13.5 41.7 51.6 46.9
Centre-east (Lh-M) 1.7 17.7 5.7 59.8 4.2 42.4 31.3 71.4

NW(R-B) 61.1 6.4 196.1 22.5 182.3 44.1 71.5 21.1
Centre-west (A-Th) 35.8 6.9 88.6 27.0 118.6 39.3 100.1 36.8
South (L-S) 5.4 4.6 19.5 11.7 10.9 10.9 38.8 34.6

Area 1970-74 1975-78 1919-83 1989-95
SW NE SW NE SW NE SW NE

North (HA-HDh) 1.5 1.1 2.7 3.4 1.1 0.6 1.4 3.4
NE(Sh-N) 0.6 1.8 2.1 5.7 1.0 0.5 0.7 1.4

Ceutre-east (Lh-M) 2.1 5.9 13.7 14.2 1.5 0.8 1.3 1.2

NW (R-B) 0.4 1.7 3.4 5.2 4.3 0.5 2.2 2.8

Centre-west (A-Th) 4.8 1.3 20.2 6.1 6.4 2.0 1.7 1.4

South (L-S) 2.5 5.3 4.6 7.2 3.6 0.8 3.4 2.2



Table 3.6. Catch and catch per unit effort (CPUE) for yellowfin tuna by
standardized (mechanized) pole and line vessels.
Source: MOFA/EPCS data, compiled by MRS

Note: Catch is total masdhoni catch, and masdhoni effort is standardized as in section 1.5.1.2.
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fable 3.7. Indices of catch per unit effort (kg per mech. masdhoni day) for
yellOwfintuna caught on the EAST coast during the NORTHEAST
monsoon.

ree' MOFAlEPCS data compiled by MRS

~~~ati~n: Kaafu Atoll, Male town, Lhaviyani Atoll. Months: Dee, Jan, Feb and March
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Year Catch Standardized CPUE
(t) Effort (days) (kg/day)

1970 1,799 95,7]] ]9
197] 1,081 84,6]9 13
1972 1,940 79,272 24
1973 5,234 107,639 49
1974 3,868 ]01,68] 38
1975 3,512 90,104 39
1976 4,48] 98,570 45
1977 4,]23 93,772 44
1978 3,2]4 78,3]] 41
1979 3,692 84,135 44
1980 3,647 88,408 41
1981 4,740 87,194 54
1982 3,770 98,967 38
1983 5,984 117,964 51
1984 6,894 153,849 45
1985 5,797 164,054 35
1986 5,200 165,148 31
1987 6,531 163,549 40
1988 6,378 191,727 33
1989 5,978 193,141 3]
1990 5,230 204,628 26
1991 7,654 2]2,202 36
1992 8,639 221,]93 39
1993 10,023 242,577 41
1994 ]2,867 245,405 52
1995 12,351 267,352 46
)996 12,286 268,561 46
1997 12,847 268,557 48

Year Catch Effective effort CPUE
(t) (mech masdhoni d) (kg/day)

f.---
1969-70 132 3,967 33

]970-7] 68 4,558 15

197]-72 ]47 4,682 31

1972-73 430 6,227 69

]973-74 327 6,555 50

]974-75 776 5,674 137

]975-76 296 5,954 50

1976-77 688 5,787 119

1977-78 4]8 6,255 67
]978-79 278 4,045 69

1979-80 396 6,807 58
1980-8] 539 7,037 77
]98]-82 ]86 6,463 29
1982-83 517 7,947 65
1983-84 ],234 12,373 100
1984-85 ],]08 ] 1,]83 99
1985-86 ],516 11,571 131
]986-87 ],165 11,219 104
1987-88 984 11,800 83
1988-89 57] ]2,360 46
1989-90 506 11,711 43
1990-9] ],047 12,025 87
199]-92 892 10,705 83
1992-93 1,213 12,156 100
1993-94 ],802 ]2,066 ]49
1994-95 ],082 10,738 101
1995-96 ],399 12,492 l12
1996-97 ],]59 13,]69 88



Table 3.8. Indices of catch per unit effort (kg per mech. masd.honiday)for
yellowfin tuna caught on the WEST coast during the SOUTHWEsTmonsoon.
Source: MOFAlEPCS data compiled by MRS
Location: Raa and Baa Atolls. Months: June, July, Aug and Sept
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'f ble3.9. Annual Maldivian catches (t) of yellowfin tuna and bigeye tuna
(;hUnnUsalb.acaresand T.obesus) combined, and estimates of bigeye tuna
catch,by regIOn,1970-97.
ources:Anderson (1996) and MOFAlEPCS.

~ote: The North and Centre includes atolls from HA to Dh; the South from Th to S
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Year Catch Effective effort CPUE
---

(t) (mech masdhoni d) (kg/day)

1970 827 6,345 130
-

1971 376 4,976 76
1972 1,022 5,535 185
1973 1,814 6,671 272
1974 1,294 5,555 233
1975 1,644 12,393 133
1976 1,909 11,420 167
1977 1,358 9,336 145
1978 1,131 9,079 125
1979 1,075 6,449 167
1980 1,378 6,313 218
1981 1,160 5,047 230
1982 1,898 5,897 322
1983 2,175 6,706 324
1984 1,527 8,805 173
1985 1,591 7,820 203
1986 1,053 8,804 120
1987 2,226 8,244 270
1988 1,062 7,513 141
1989 915 10,334 89
1990 479 10,199 47
1991 778 9,547 81
1992 990 10,010 99
1993 1,178 11,387 103
1994 1,437 12,684 113
1995 730 12,886 57
1996 997 13,045 76
1997 1,202 12,567 96

- Total Thunnus Catch Estimated Bigeye CatchYear
North South Total North South Total- 1,530 459 1,989 8 73 811970

1971 940 287 1,227 5 45 51

1972 1,770 306 2,076 10 48 58

1973 4,822 653 5,475 27 103 130

1974 3,462 666 4,128 19 105 124

1975 3,257 517 3,774 18 82 100

1976 4,135 756 4,891 23 119 142

1977 3,584 889 4,473 20 140 160

1978 2,935 649 3,584 16 103 119

1979 3,579 710 4,289 20 112 132

1980 3,696 533 4,229 20 84 105

1981 3,965 1,319 5,284 22 208 230

1982 3,505 500 4,004 19 79 98

1983 5,383 858 6,241 30 136 165

1984 4,965 2,159 7,124 27 341 368

1985 4,208 1,858 6,066 23 294 317

1986 4,113 1,208 5,321 23 191 213
1987 4,824 1,846 6,670 27 291 318
1988 4,691 1,844 6,535 26 291 317
1989 4,296 1,786 6,082 24 282 306
1990 3,544 1,735 5,280 19 274 294
1991 4,817 2,894 7,711 26, 457 484
1992 6,469 2,228 8,697 36 352 388

1993 7,163 2,947 10,110 39 466 505
1994 10,281 2,845 13,126 57 450 506
1995 9,851 2,653 12,504 54 419 473
1996 8,758 3,682 12,440 48 582 630
1997 9,923 3;105 13,029 55 491 546



Fig. 3.7. Yellowfin tuna - major surface fishing areas for juvenile yellowfin
in the central Indian Ocean during the two monsoons (after Anderson, 1988).
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Fig. 3.8. Yellowfin tuna - length frequency distribution of catches at
seven localities in the Maldives, 1994-96 (N=146,285)
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Fig. 3.7. Yellowfin tuna - major surface fishing areas for juvenile yellowfin
in the central Indian Ocean during the two monsoons (after Anderson, 1988).
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4. FRIGATE TUNA (AUXIS THAZARD)

R. Charles Anderson, Zaha Waheed and Ibrahim Nadheeh

4.1.INTRODUCTION

Frigate tuna (Auxis thazard) is the third most important fish species in the
Maldivesin terms of catch weight (after skipjack and yellowfin). It is
knownlocally as raagondi. Total recorded catches have varied widely
arounda meanof about 3200 t per y~ar.Totalcatchclimbedto 6500 t in
1996,but dropped to only 2500 t in 1997.Frigate tuna contributedan
averageof 8% of the total tuna catchduringthe period1970-97.In 1973it
contributeda record 20% to the total tuna catch: In recent years the relative
importanceof frigate tuna has decreased, with its contribution to total tuna
catchaveraging less than 5% during the decade 1987.96, dropping to a
recordlowof only 3% in 1997.The bulk of the frigatetuna catch is made
by livebait pole and line, although about 10% is caught by trolling.

Frigatetuna is a small species. It grows to a maximum of about 58 cm FL in
theIndian Ocean (Collette and Nauen, 1983), but only very rarely exceeds
49cm FL in Maldivian catches. Frigate tuna is found in both neritic and
oceanicwaters, although it is certainly commoner inshore than offshore.

4.2.FRIGATE TUNA CATCHES AND CATCH TRENDS

4.2.1.Catch and catch trends

Frigatetuna catches by vessel type for the years 1970 to 1997 are presented
in Table 4.1 and Fig. 4.1. Total recorded catches have varied considerably
over the years, without obvious trend. Peaks have occurred roughly every
decade, in 1973-74, 1983-84 and 1993-96. The greatest recorded annual
catches occurred in 1973-74 when they reached over 6000 t per year,
dropping to an average of only 1640 t per year during 1978-81. Only in
1996did catches again approach the record levels set in 1973-74. However,
In 1997 catches dropped to a low of only 2500 1.

The percentage contributions of the main vessel types to annual catches are
~l1ustratedin Fig. 4.2. Pole and line vessels (masdhoni) are by far the most
Irnportant vessel type for frigate tuna catches, accounting for an average of
about90% of recorded catches.

l
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. Trollingvessels(vadhudhoni)also makesignificantcatchesof frigatetun
(Fig. 4.3), accounting for an average of 10% of recorded catches Overtha
entire period] 970-97. The relative importance of trolling vessels ros~
during the transitional period of masdhoni mechanization, averaging ]4%of
frigate tuna catches during ]976-]985, and rising to about 20% in peak
years (1980-8] and] 985). During more recent years (1989-97) troIling
vessel catches hav.ebeen less importa~t, accounting for an avera~e of only
5% of the total frIgate tuna catch. ThIs reflects the genera] declIne of the
troll fishery (section] .2.3).

Frigate tuna catches by trolling vessels (Fig. 4.3) have not varied over the
years in the same way as pole and line vessel catches have (Fig. 4.]). For
trolling vessels, annual catches increased irregularly up to a peak in ]985
after which there has been an irregular decrease. This reflects the growth
and decline of troll fishing effort. In contrast, pole and line vessel catches
have varied without obvious trend. There are thought to be a variety of I

reasons for these differences, which are mentioned in the following I

sections. I

4.2.2. Accuracy of catch estimates

Recorded catches of frigate tuna, as presented in Tab]e 4.1 and Figure 4.1,
are likely to differ from true catches as a result of inadequacies in the
fisheries statistics system (section] .5). For frigate tuna there are two main
problems: underreporting and inadequate conversion factors.

There has been no sampling to estimate underreporting of frigate tuna.
Frigate tuna is considered by Ma]divian fishermen to be the least valuable
of the major tuna species, so the degree of underreporting is likely to be
greatest for this species. Parry and Rasheed (1995) estimated that skipjack
and yellowfin catches might be underestimated by about 5% and ]5%
respectively, as a result of underreporting.! It is therefore suggested that
underreporting of at least 20% occurs for frigate tuna catches. It is possible
that underreporting is a more serious problem now than in the past (i.e.
during the] 970's) because the changing pattern of island life has resultedin
less importancebeing attachedto civic dutiessuch as reportingfishcatch
(Anderson and Hafiz, ]996).

Duringthe period] 970-87,singleaverageweightconversionfactorswere
used for both kawakawa and frigate tuna. These were higher than current
estimates of average weight for frigate tuna, 0.95-1.0 kg/fish then, as
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a inst0.6 kg/fish now (see section 4.5.2). It seems likely therefore that the

a"a of inappropriate conversion factors may have inflated catch estimates
~S~ina1970-87.This overestimation may not be as high as it appears, since
r:cen~regional sampling (Scholz et aI., ]997) has shown that an average

eiaht conversion factor of about 0.82 kg/fish may have been appropriatew "
for the years 1994-96.

In summary, during] 970-87 underreporting of frigate tuna catches may
haveb~enlessthan it is now,and mayhavebeenroughlycompensatedfor
by the use of inflated conversion factors. Since] 988, underreporting has
continued(and possibly got worse) while conversion factors are thought to
be more appropriate, or even on the low side, and so reported catches are
likelyto be underestimatesof true catches.

Note that the recorded catch of frigate tuna by trolling vessels in ]985
differsgreatly between the MOFA (683t) and ]PTP (397t) databases; the
IPTPfigureis used in Figure4.3, but the MOFAfigureis used elsewhere.
Thereason for the discrepancy between the two databases is not known.

4.3.CATCH PER UNIT EFFORT (CPUE) TRENDS

4.3.1.National trends

Problems with using CPUE as an index of abundance for tunas are
mentionedin section 1.5.2. In the case of frigate tuna there is an additional
problemthat should be kept in mind. Of the four main tuna species, frigate
tunais probably the least valued by Maldivian fishermen. It is not favoured
for home consumption, nor it is favoured for processing. Because of this,
frigate tuna schools are sometimes not fished by Maldivian fishermen,
especiallyif good catches of other species can be made. Therefore, CPUE
estimates might be particularly poor indicators of abundance for this
species.

Actualpole and line vessel catch rates have varied considerably since] 970,
but mostly within the range 10-25 kg/day (Figure 4.4). CPUE peaks in
1973-74,1983-84, 1993 and 1996 correspond to the peaks in total catches
as.shown in Figure 4. J. With the exception of 1996, these peaks correspond
WithElNino events (see section 4.4 below). There was also a minor peak in
poleand line CPUE in 1977. Peak annual average catch rates were nearly
30 kg/day for sailing masdhonis in 1973, and roughly 25 kg/day for
mechanizedmasdhonis in 1983 and 1993. Sailing masdhoni data are only
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included up to 1985, by which time the majority of the remaining non.
mechanized vessels are believed to have diverted from pole and line tun
fishing to reef fishing. The annual average catch rate for mechanize~
masdhonis during the decade 1986-95was about 13 kg/day.

Standardized pole and line catch rates are also shown in Fig. 4.4. Even
allowing for the particularly high catch rates in 1972-73, there appears to
have been a net decrease in standardized pole and line catch rates liver the
period 1970-97. If this is a true reflection of a decrease in local abundance
of frigate tuna it is a cause for concern. However, it may to some extentbe
the result of underestimation of catch in recent years (see section 4.2.2
above). In addition, the assumption that mechanized masdhonis caugh;
twice as much frigate tuna as sailing masdhonis may not be correct. Frigate
tuna is most abundant close to the atolls on the lee side of the atoll chain
(see below); as such it may have been readily available to sailing
masdhonis. [n contrast, mechanized masdhonis are more able to venture
offshore and off exposed sides of the atoll chain in search of skipjack and
yellowfin, and so will tend to catch relatively less frigate tuna. The
possibility of a major regime shift, from conditions favouring frigate tunain
the 1970s to less favourable conditions in the 1990s should also be bornein
mind (section 5.3.1).

Trolling vessels catch rates were low during the period 1970-82, averaging
only 2 kg/day(Fig. 4.5). Sincethen they increasedto an averageof about
7.4 kg/day during 1994-96. However, vadhu dhoni CPUE dropped to just
2.2 kg/day in 1997. The increase in catch rates during 1982-96 coincided
with a dramatic drop in trolling vessel numbers and fishing effort (see
section 1.2.3 and Tables 1.4 and 1.5). The increase in catch rates might be a
resu It of the least efficient vessels and fishermen withdrawing from the troll
fishery. The recent mechanization of some trolling vessels does not appear
to have contributed to increased catch rates. The average annual frigate tuna
catch rate by trolling for sailing vadhu dhonis during 1990-95 was 4.7
kg/day, compared to 3.6 kg/day for mechanized vadhu dhonis. The reason
for this difference is not known, but mechanized vadhu dhonis may be more
likely to target either larger pelagic fishes (e.g. wahoo and sailfish) or reef
fishes. The reason for the dramatic drop in catch rates in 1997 is not known.

The relationships between fishing effort and frigate tuna CPUE for pole an.d
line and trolling vessels are illustrated in Figs 4.6 and 4.7. Although there IS
considerable variability, 'over the entire period 1970-97 standardized
masdhoni fishing effort has increased, and CPUE has decreased. In contrast,

110

r
fortrolling vessels, ~shi~g effort .has d~creased and C~UE has in~reased. A
d creasein CPUE wIth Increase m fishIng effort (or vIce versa) ISa classic
~fectof exploitation on a fished stock. The implication here might be that

~hefrigate tuna stock is sm~lI.enough to be affected by th.e Maldivian
fishingeffort. In .o~herword~ It ISa local stock, not an oc~an-wlde one, as is
thecase with skIPjack (sectIOn2.8) and ye1lowfin (sectIOn3.8). However,
thisconclusionmay not be valid.

Thereis a mismatch between the catch rate trends for the masdhoni and the
vadhudhonifleets.StandardizedmasdhoniCPUEdecreasedfromthe 1970s
tothe 1990s,while vadhu dhoni CPUE increased over the same time period.
There is no suggestion that the two fleets are exploiting separate stocks,
althoughit is possible that the two fishing methods are targeting different
componentsof the same stock. For example, trolling may on average take
differentsize (age) fish than pole and line. There are few data to test this
hypothesis,since length frequency data from trolling and pole and line
catchesare not normally recorded separately. However, limited sampling at
B.Eydhafushiin 1983-84 (Anderson and Hafiz, 1985b) where catches by
the two gears were kept separate, does suggest that trolling tends to catch
smallerfrigate tuna than pole and line. This is something that requires
furtherinvestigation.

Alternatively,there may well be some problem with the estimation and/or
interpretationof catch rates. For vadhu dhonis, it is possible that the recent
increasein trolling catch rates associated with the drop in fleet size is a
resultof the least efficient tro1ling vessels (or fishermen) leaving the troll
fishery. In addition, mechanization of some trolling vessels will have
increasedthe average fishing power of the fleet (although as noted above
thismaynothavehad a directpositiveeffecton frigatetuna catchrates). In
thecase of the pole and line fleet, it is likely that mechanization of the fleet
allowedfishermento catchmoreof the moredesirabletunaspeciesandthus
tobe able to ignore some frigate tuna schools.

4.3.2. Latitudinal Trends

p'

';Igate tuna appears to be commoner in the north of the Maldives than in\e south (Anderson and Hafiz, 1985a; Anderson, 1992). Catch rates for
~ ree latitudinal zones during four time periods are summarized in Table

.2. The pattern of change from north to south is remarkably consistent. In
eachof four time periods, for both trolling vessels and pole and line vessels,
catcheswere highestin the north and lowestin the south.For both vessel
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types, catch rates in the central Maldives were only about half of those in
~henorth. In the south, catch rates were on average only one tenth of those
In the north.

Which factors influence the latitudinal cline in frigate tuna abundance areat
present unknown, but this issue is discussed in section 1.4.1. For frigate
tuna, the Veimandhoo Channel between Thaa and Laamu Atolls appearsto
mark a divisionlinebetweennorth/centraland southernregions.ThaaAtoll
has a moderately high average catch rate typical of the central atolls, anda
pattern of seasonal abundance shared with Ari, Faafu and Dhaalu Atolls.In
contrast, Laamu Atoll has a low frigate tuna abundance typical of southern
atolls.

Although the general trend is for fTigatetuna to be more abundant in the
north and centre than in the south of the Maldives, there are exceptions. For
example, Lhaviyani Atoll in the north tends to record relatively low frigate
tuna catches. The reasons for this may be that Lhaviyani fishermen have not
only (in recent the past) sold most of their catch directly to the tuna cannery
at Lh.Felivaru (which purchases only skipjack and yellowfin) but also have
easy access all year round to 'offshore' fishingareas. In contrast,Gaafu
Dhaalu Atoll in the south tends to record relatively high frigate tuna
catches. The reason for this may be that fishermen in the south of that atoll
sometimes have difficulty obtaining enough livebait for pole and line
fishing and therefore carry out trolling for small tunas from masdhonis
(Ibrahim Shakir, MOFA field officer, pers. comm., December 1996).

4.3.3. Seasonal Trends

Frigate tuna appears to show a fairly consistent pattern of seasonal
distribution in the Maldives. It occurs most commonly on the western side
during the northeast monsoon and on the eastern side during the southwest
monsoon.This seasonalpattern was first noted by Andersonand Hafiz
(1985b).

Anderson (1991) studied tuna distribution and abundance in the region of
the Vatteru Channel (between Vaavu and Meemu Atolls) during the period
1985-90. He found the average catch rate for mechanized masdhonis was
about 11.3 frigate tuna per day during June to November, but only 1.3
frigate tuna per day during January to May. Catch rates peaked at nearly20
frigate tuna per day at the start of the southwest monsoon in June-July.
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this study, monthly frigate tuna catch rates in all atolls for all fishing

In set types each year during the periods 1970-84 and 1989-97 were
Ye~rnined.Atolls with similar seasonal distribution patterns were grouped.
~e atoll groups are det~iled in section ~.4.I (see also map, Fig. I.I).
selectedseas~nal sum.manes are presented In Tables 4.3 and 4.4. The main
findingsof this analysIs are:

I In the far north of Maldives, in Haa Alifu and Haa Dhaalu Atolls, catch
rates are high year round. In some years peaks occur in the southwest
season, in other years in the northeast season.

I On the easternside of Maldives,from Shaviyaniall the way down to
Meemu Atoll, catch rates are higher-in the southwest monsoon than in
the northeast monsoon. Catch rates usually peak in June-July at the start
of southwest season. Catch rates sometimes stay fairly high into the
beginning of the northeast season.

I On the western side of the Maldives catch rates are highest during the
northeast monsoon season. In Raa and Baa Atolls, catches tend to peak
in December-January, while further south in Ari, Faafu and Dhaalu
Atollscatches tend to peak slightly later in January-March.

I Inthe south of the Maldives, from Laamu to Seenu Atoll, catch rates are
always low, but they do tend to be highest during the northeast monsoon
season.

Theseasonal distribution of frigate tuna may be explained by a combination
of migration and recruitment (Anderson, 1991). Frigate tuna presumably
move from side to side of the double atoll chain in synchrony with the
seasonallyoscillating monsoon currents. In addition, at Male, there is often
an increase in the numbers of small frigate tuna (less than 30cm FL) at the
end of the northeast monsoon season and beginning of the southwest
monsoonseason, i.e. during April to July (Figure 4.9). This suggests that
recruitment at the beginning of the southwest monsoon season is an
Importantfactor in maintaining high catch rates during that season. (See
section4.7 for further discussion of recruitment).

Offthe southwest coast of Sri Lanka, frigate tuna are most abundant during
tne southwest monsoon season (Maldeniya et aI., 1987). This is consistent
With the seasonal pattern recorded in Maldives.

l
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4.4. OCEANOGRAPHIC VARIAnONS

4.4.1. EI Nino Southern Oscillation Events

Frigatetuna catchesand catch rates tend to increaseduringEl Ninoyears
(Anderson, 1987 & 1993; Hafiz and Anderson, 1994; Anderson, Hafiz and
Adam, 1996). Pole and line vessel catches and catch rates show peaks
during the strong El Nino years of 1972-73 and 1983 and in 1993 (the latter
being during the prolonged 1991-95 event). In these cases, high catches
were also recorded in subsequent years (1974, 1984 and 1996). Duringthe
weak El Nino years of 1976-77 and 1987, peaks in pole and line catchesand
catch rates were only barely discernible (Fig. 4.4).

More detailed investigation shows that the greatest increase in catch rates
during EI Nino years is seen on the western side of the country during the
early part of the southwest monsoon season (i.e. Mayor June to August).
This effect was particularly pronounced during the strong ENSO eventsin
1972-3 and 1982-3.

The oceanographic factors that might cause an increase in frigate tuna catch
rates duringENSOeventsare not known(see section1.4.3).It is not even
certain whether they affect recruitment or catchability. At Male, and
elsewhere, May-June is the period of peak recruitment (see section 4.7).
Elevated catch rates at this time therefore suggest increased recruitment
during ENSO events. High catches of frigate tunas in the year after an
ENSO event might therefore reflect fishing on a strong year class. In this
context, the drop in catch rates in 1997 might be interpreted as a return to
'normal' levels after the prolonged El Nino of 1991-95, and consequent
high catches in 1996. However,the rather limited length frequencydata
available from Male (1985-1996) show no obvious increase in the
frequency of small frigate tuna during El Nino years. .

Frigate tuna catches and catch rates by trolling vessels do not show obvious
peaks during ENSO events. The reasons why trolling vessel catches should
differ from pole and line vessel catches in this way are not known.

4.4.2. Decadal Scale Variations

The medium-term trends in catches and catch rates of frigate tuna are
discussed in sections 4.2.1 and 4.3.1. Major changes in vadhu dhoni catch~s
and catch rates (Figs. 4.3 and 4.5) are most easily explained by changesto
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fishingeffort. Frigate tuna catches and catch rates by masdhonis (Figs. 4.1,
4.4 and 4.6) have varied without clear trend .over theyeriod 1970-97. The

aks in 1973, 1983 and 1996 can be explamed by Increased catchability
ped/or abundanceduring or immediatelyafter ENSO events (see section
~~4.1,above)..The decadal scale pattern of .variations that are so obvious in
kipjack(sectIOn2.4.2) and yellowfin (sectIOn3.4.2) catches are not readily

~pparentwith frigate ~una.However, A~derson (1993) did note that frigate
tUnacatch rates declmed over the perIod 1983-90, at the same time as
yellowfm catch rates also declined and skipjack ca!ch rates increased.
Furthermore,inspection of Fig. 4.6 does show some concordance between
patternsof masdhoni CPUE for frigate tuna a~d those for the other major
species: for the level of effort expended, frIgate tuna catch rates were
relativelylow during 1984-92, and relatively high thereafter. Thus, it seems
likelythat frigate tuna catch rates are influenced by the same decadal scale
oceanographicvariations that affect skipjack (section 2.4.2) and yellowfin
(section3.4.2) catch rates, albeit perhaps less dramatically.

4.5.SIZE AND GROWTH

4.5.1. Length Distribution

Frigatetuna tends to have a rather limited size range in Maldivian catches
(Fig.4.8). 95% of the 57,000 frigate tunas measured in Maldives during
1994-96(excluding suspect data from G.A.Vilingili) were within the range
27-41cm FL. 50% were within the range 31-37 cm FL. The average (mean,
mode and median) length sampledwas 34 cm FL. Only four of 57,000
frigatetunas were longer than 49 cm FL. The largest frigate tuna measured
was56 cm FL. The largest frigate tuna recorded from the Indian Ocean by
Colletteand Nauen (1983) was 58 cm FL.

4.5.2. Average Weights

Tuna catches are reported by fishennen in numbers, and are converted to
weights using average weight conversion factors. For frigate tuna, the
followingconversion factors have been used by the Ministry of Fisheries
andAgricultureat differenttimes (Andersonet aI., 1996; Scholz et aI.,
1997):

1959-1975
1976-1987
1988-date

1.0 kg/fish
0.95 kg/fish
0.6 kg/fish

l
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Averageweightsof frigate tuna landedat seven locationsduring 1994-96
ranged from 0.57-0.93 kg/fish, with a mean of 0.82 kg/fish (Scholz et at
1997). .,

4.5.3. Growth

There have been no previous studies of frigate tuna growth in the Maldives
As noted by Anderson (1987a) frigate tuna length frequency data sho~
periods of modal progression, modal stasis and modal regression; these are
the result of the interaction of growth, migration and recruitment.
Attempting to resolve the growth component alone is problematic.

As part of this study, monthly length frequency h"istogramsof all available
data were produced. In view of the limited size range sampled, the problem
of seasonal migration, and the often inadequate sample sizes, it was decided
not to attempt fitting von Bertalanffy parameters (or those of any other
growth model) to the data. Instead, the histograms were scrutinised for signs
of model progression from which growth rate estimates were made by eye.
This analysis of modal progression' was limited to the size range 27-41 cm
FL. Within this relatively small range it was assumed that growth is roughly
linear.

Numerous examples of modal progression were noted, with apparent
growth rates rangingfrom 0.5 to 3.0 em/mo.However,there was a clear
mode at 1.0 cm/mo within the size range 27-39 em FL, with a secondary
mode at 2.0 em/mo. Note that the preponderance of integer values is
probably an artefact of the use of 1 em histogram class widths combined
with the fact that very few modes could be followed for more than a few
months.

While other growth rate estimates cannot be discounted, it is seems likely
that an estimated growth rate of about 1.0 cm/mo is closest to the true rate.
This value is certainly consistent with the results of other studies within the
regIon:

Country Length at age (em)
2 3

Growth rate in

2nd year (emlmo) ------
Joseph et al. (1988)
Silas et al. (1985)

Yesaki (1982)-----

Source

Sri Lanka
India (Kerala)
Thailand

38.7
42.2
37

46.8
50.3
43

US
1.08
0.92

24.9
29.2
26
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h se results suggest that frigate tuna recruit to the Maldivian fishery at an

T eofnearIy I year; that most frigate tuna are caught between the ages of

:~~ut 1 and 2.5; and that very few frigate tuna over the age of about 3 years
are caught.

4.6. MIGRATION

Onthe basis of analysis of seasonal shifts in catch rates, Anderson (1991)
suaaestedthat frigate tuna migrated from side to side of the Maldivian atoll
ch~in in phase with the seasonally oscilJating monsoon currents. The results
of the present analysis are consistent this interpretation. Frigate tuna are
commoneron the 'down-stream' or lee side of the Maldives than on the
'up-stream' or exposed side (section 4.3.3). This is presumably related to
food availability (section 1.4.2), primary productivity and plankton
abundance being greater on the lee side of the Maldives than on the exposed
side.

Inaddition to these season movements there may also' be a net southward
movementof frigate tuna, in some seasons and areas. As noted above, the
peakof frigate tuna catches during the northeast monsoon season in Raa and
BaaAtollsoccurs a month or two before it occurs in Ari, Faafu, Dhaalu and
ThaaAtolls just to the south. Also, sizes of frigate tuna landed at Male
markettend to be consistently smaller than those landed further sou.th at
M.Maduveri.It should be noted, however, that comparisons of catch rates
andsizes between other sampling locations do not show evidence of such
latitudinalmovements.

There has been no tagging study of frigate tuna movements in Maldivian
waters. A single frigate tuna was accidentally tagged in 1994 during
skipjacktagging operations (Anderson, Adam and Waheed, 1996). It was'
notrecovered.

4.7. REPRODUCTION

rherehave been no studies of frigate tuna reproduction in the Maldives.

F;orn fish caught off the west coast of Thailand, Yesaki (1982) estimated
t at female frigate tuna begin to develop sexually at 33 em, and reach
sexualmaturity at 38 em.
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Analysis of length frequency data shows two annual peaks of recruitment
(i.e. peaks of occurrence of small frigate tuna less than 30 cm FL), which
suggests two peaks of reproductive activity. At Male market these small fish
are most abundant during April to June, at the end of the northeast monsoon
and beginning of the southwest monsoon (Fig. 4.9). A second peak in
abundanceof smallfishoccursduringSeptemberto December,at the other
monsoon changeover.

At G.Dh.Thinadhoo, in the southwest of the Maldives, peaks of abundance
of small fish again occur during the monsoonal changeover periods (Fig.
4.10). Greatest recruitment occurs at the end of the southwest season
(August to November) with a second peak at the end of ,the northeast
monsoon (April). At both Male and G.Dh.Thinadhoo, peak recruitment

,occurs in the months before the start of the monsoon season during which
peak catch rates are made.

At M.Maduveri, south of Male, there are again two peaks in the occurrence
of small fish, but these do not occur during the monsoon changeover
periods. Rather, peaks occur in February and August (Fig. 4.11).
Furthermore the frequency of occurrence of small fish in frigate tuna
catches at M.Maduveri is much lower than at Male. The significance of
these observations is not known.

. 4.8. STOCK RELATIONSHIPS

There has been no study of the stock relationships of frigate tunas caught in
Maldivian waters. During an exploratory offshore fishing survey carried out
off the east coast of Maldives, some frigate tuna were caught offshore, up to
100 miles from the atolls (Anderson and Waheed, 1990). This suggests that
there may be some mixing with 'Sri Lankan frigate tuna' and therefore that
Maldivian frigate tuna belong to an Indian Ocean or central Indian Ocean
stock.

On the other hand, higher catch rates tend to be made close to the atolls
rather than further offshore. During the exploratory fishing survey carried
out off the east coast of Maldives, although frigate tuna were caught
offshore, the numbers involved were relatively small (Anderson and
Waheed, 1990). Furthermore, frigate tuna larvae are apparently not widely
distributed across the ocean, but rather are concentrated close to continental
margins or around island groups (Stequert and Marsac, 1989). This suggests
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thatfor some purposes, Maldivian frigate tuna might be considered to be a
separate'sub-stock. '

4.9.STOCK STATUS

The catch and effort data available for Maldivian frigate tuna are not
thoughtto be appropriate for use in production model analysis. The reasons
forthis include:

. uncertainties over stock boundaries (see section 4.8);
uncertainties over the accuracy of catch data (as mentioned above) and
effort data (as a result of changes in fishing power of the Maldivian
fleet);
the seasonal nature of the fishery (see below), which makes the use of
national and annual totals of catch and effort for such analysis suspect;
the large variations in catches and catch rates apparently related to
variations in oceanographic conditions rather than changes in fishing
effort (see section 4.4 above).

.

.

.

Anderson and Hafiz (1985a) did carry out surplus production model
analysisof frigate tuna catch and effort data for the years 1970-1983. The
data suggested a maximum sustainable yield of about 3700t per year.
However,it was noted (Anderson and Hafiz, 1985a,b & d) that the many
inadequaciesof the data and of the models used made the interpretation of
thisresult problematic.

Despite these uncertainties, some observations suggest that frigate tuna
aroundthe Maldives are being exploited at a high rate:

. The dramatic and as yet unexplained drop in frigate tuna catches
between 1996 and 1997.
Frigate tuna catch rates by pole and line vessels have stagnated during
recent years (Figs. 4.4 and 4.5). Catches have not increased by much
over the last 10-15 years despite an enormous increase in pole and line
fishing effort.
Trolling vessels catch rates tend to decrease with increased fishing
effort (Fig.4.6).

.

.

o~ the other hand, some observations suggest that frigate tuna may not be
beIngoverexploited:
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Frigate tuna is for many Maldivian fishermen little more than bY-catch
As a result changes in catch may not accurately reflect changes i~abundance.

As mentioned above, there are statistical problems. In particular, the
use of apparently inappropriate average weight conversion factors may
have artificially inflated catch and CPUE estimates in earlier years
and/or deflated them in later years.

Also as mentioned above, there are very large variations in aPParent
abundance of frigate tuna associated with oceanographic changes (see
section 4.4). This suggests that oceanographic variations may be more
important than local fishing activity in determining local frigate tunaabundance.

.

.

4.10. OTHER INFORMA nON

4.10.1. Bullet Tuna

Bullet tuna (Auxis rochei) is very similar to frigate tuna in appearance (see
Collette and Nauen, 1983). It is caught in Maldives (Anderson and Hafiz,
1985b; MRS, 1988), but catches are not distinguished from those of frigate
tuna. The proportion of bullet tuna in the frigate tuna catch is small,
probably less than 1% overall (Anderson, 1987a; Hafiz and Anderson,
1994). However, the numbers of bullet tuna in Maldivian catches do appear
to vary from place to place and season to season, so a systematic sampling
programme to estimate its contribution to catches would be desirable.

4.10.2. Raagondi koli

In Dhivehi, the Maldivian language, frigate tuna is known as raagondi.
Pufferfishes are known as koli. Pelagic pufferfishes of the genus
Lagoeephalus are known as raagondi koli. Two species have been recorded
from Maldives: Lagoeephalus lagoeephalus and Lagoeephalus seeleratus
(Randall and Anderson, 1993). Raagondi koli are, very rarely, caught by
fishermen trolling for small tunas (Anderson and Hafiz, 1985c; Hafiz,
1985).

There are old reports of people dying from eating raagondi koli, and most
Maldivians know that it is poisonous. However, there is widespread
confusion as to what raagondi koli really is. Many people believe that
raagondi koli is a type of raagondi. It is said to be almost impossible to
distinguish between the poisonous and non-poisonous forms. One way to do
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is said to be by putting crushed lime (huni, calcium oxide) on the fish's

S~tflesh; the lime will turn blue if the fish is poisonous. It seems likely that
confusion has arisen between tetrodotoxic (pufferfish) poisoning and
ccombrotoxic(tuna/histamine) poisoning. Frigate tuna might be particularly
Srone to developing scombrotoxicity because of its relatively high
~roportion of dark meat and its relatively small size (promoting rapid
putrefaction)compared to other M.aldivian~nas. Partly ?ecause .of fear of
poisoning,and partly because of Its small sIze and bonmess, frIgate tuna
alwaysfetches a lower price on Male fish market than other tuna species.
Detailedaccountsof scombrotoxicandtetrodotoxicpoisoningare givenby
Halstead(1988).

Table 4.1. Annual Maldivian catches (t) of Frigate Tuna by vessel type,
1970-97.
Source:MOFAlEPCS.

l
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Year Sail P/L MechP/L Total P/L Trolling Misc Total

]970 2775 -- 2775 248 ... 3023
1971 2849 -- 2849 166 ... 3015
1972 3004 -- 3004 182 ... 3186
1973 6440 -- 6440 186 ... 6626
1974 5804 -- 5804 202 ... 6006
1975 3713 181 3894 163 ... 4057
1976 1971 .448 2419 289 ... 2707
1977 1863 953 2816 264 ... 3080
1978 720 735 1455 206 ... 1661
1979 435 994 1429 272 ... 1701
1980 207 1084 1291 304 ... 1595
1981 141 1156 1297 309 ... 1606
1982 80 1750 1830 231 ... 2061
1983 141 3048 3189 351 ... 3540
1984 66 2701 2767 338 ... 3105
1985 70 2071 2141 683 ... 2824
1986 130 1309 1439 339 ... 1778
1987 25 1580 1605 316 ... 1921
1988 14 1373 1387 239 3 1629
1989 5 1944 1949 192 5 2146
1990 21 2760 2781 228 3 3012
1991 2 2421 2423 154 5 2582
1992 32 3219 3251 130 8 3389
1993 34 5216 5250 200 6 5456
1994 12 3755 3767 242 10 4019
1995 8 3715 3723 202 0 3925
1996 10 6227 6237 243 5 6485
)997 2 2415 2417 71 1 2488



Table 4.2. Average regional catch rates (kg/day) for frigate tuna by
different vessel types and time periods
Source: MOF A/EPCS data compiled by MRS
Note: North includes atolls trom HA to Lh; Centre from K to Th; South from L to S

Table 4.3. Average seasonal catch rates (kg/day) for frigate tuna by pole
and line vessels for different areas and time periods
Source: MOFA/EPCS data compiled by MRS

Note: SW monsoon season lasts trom June to October; NE monsoon from December to April

Table 4.4. Average seasonal catch rates (kg/day) for frigate tuna by trolling
vessels for different areas and time periods
Source: MOF A/EPCS data compiled by MRS
Note: SW monsoon season lasts trom June to October; NE monsoon from December to April
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Fig. 4.1. Frigate tuna - annual catches by vessel type, 1970-97
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Fig. 4.2. Frigate tuna - percentage contribution to annual catches by
different vessel types, 1970-97
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Vessel Type Propulsion Years Catch Rates (kg/day)
-

North Centre South

Trolling Sail 1970-74 3.1 2.1 0.1
Sail 1975-78 2.0 1.4 0.5
Sail 1979-83 3.4 1.1 0.1
Sail & Mech 1989-95 5.3 1.8 0.3

Pole and line Sail 1970-74 30.3 16.3 3.8
Sail & Mech 1975-78 29.6 9.6 4.4
Mechanized 1979-83 34.9 16.9 2.4
Mechanized 1989-95 26.7 14.9 2.5

Area 1970-74 1975-78 1979-83 1989-95
Sailing P/L Mixed P/L Mech P/L Mech P/L

SW NE SW NE . SW NE SW NE

North (HA-HDh) 7.8 27.5 17.4 38.9 39.5 27.2 12.6 12.6
NE (Sh-N) 63.5 27.6 62.0 25.7 149.7 52.8 84.9 23.7
Centre-east (Lh-M) 16.9 5.4 28.2 4.2 41.4 4.6 27.8 5.8
NW (R-B) 14.0 62.9 12.9 35.5 14.4 49.5 10.6 342
Centre-west (A-Th) 8.8 27.0 2.8 24.9 3.1 7.6 3.3 16.4
South (L-S) 1.9 4.5 1.4 7.9 0.6 4.4 0.9 4.5

Area 1970-74 1975-78 1979-83 1989-95
SW NE SW NE SW NE SW NE

North (HA-HDh) 1.3 2.2 1.4 1.5 2.3 2.6 2.3 5.0
NE (Sh-N) 3.8 3.4 3.3 2.4 5.1 3.0 7.5 4.2

Centre-east (Lh-M) 2.4 1.2 1.4 0.8 0.6 0.1 1.2 1.8
NW(R-B) 2.7 5.7 1.1 1.8 1.2 4.5 7.8 5.6
Centre-west (A-Th) 0.7 3.8 0.6 2.5 0.8 1.4 1.0 2.7
South (L-S) 0.0 0.1 0.0 1.1 0.1 0.1 0.2 0.4

--
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Fig 4.6. Frigate tuna - relationship between fishing effort and catch
rate for standardized (mechanized) masdhonis, 1970-97
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Fig. 4.8. Frigate tuna - length frequency distribution of catches at six
locations in the Maldives, 1994-96 (N=56,955)
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Fig. 4.10. Frigate tuna - catch of small fish (i.e. <30 cm FL)
at G.Dh. Thinadhoo, by month (1993-96)
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Fig. 4. 11. Frigate tuna - catch of small fish (i.e. <30 cm FL)

at M. Maduveri, by month (1991-96)
15

:§ 12'"0
'0 9
"
g>
C 6"0
:;;a. 3

Jan Feb Mar Apr May Jun Jul Aug Sap Oet Nav Dee

126

r

~

5. KAWAKAWA (EUTHYNNUS AFFINIS)

R. Charles Anderson, Zaha Waheed and Oliver Scholz

5.1.INTRODUCTION

Kawakawa or eastern little tuna (Euthynnus affinis) is the fourth most
important fish species in the Maldives in terms of catch weight (after
skipjack,yellowfin and frigate tuna). It is known locally as latti. Recorded
catcheshave increased in recent years, averaging about 3200 t per ye~
during 1993-96. However, kawakawa catch dropped to 2100 t in 1997.
Kawakawacontributed about 3% of the total national tuna catch throughout
theperiod 1970-97. An average of nearly 40% of the total kawakawa catch
during 1970-97 was taken by trolling vadhu dhonis. The rest is taken by
poleand line masdhonis. .

Kawakawais a small species, with relatively few individuals greater than
50cm being caught in Maldives. It is also a neritic species, in Maldives
being confined to atoll and near-atoll waters. Biological information on
kawakawahas been reviewed by Yoshida (1979) and Yesaki (1989). There
hasnot been a comprehensive review of information on kawakawa from the
Maldives,although some information is presented in a number of reports,
includingthose of Anderson and Hafiz (1985b), Anderson (1987a), and
Anderson,Hafiz and Adam (1996).

5.2. KAWAKAWA CATCHES AND CATCH TRENDS

5.2.1.Catches and catch trends

~awakawa catches by vessel type for the years 1970 to 1997 are presented
In Table 5.1 and Fig. 5.1. Catches have increased erratically from a low
(~veragingabout 570 t per year) in 1970-72, to a record high of nearly 3800
tin 1996.However, total recorded catch in 1997was only 2100 t.

Fig. 5.2 illustrates the relative contributions of the main vessel types to

ann~alcatches. In contrast to the other major tuna species in'the Maldives
(WhIchare taken mainly by pole and line masdhonis), the trolling vadhu
dhoniis of great importance for kawakawa catches. A total of over 38% of

~e total kawakawa catch during 1970-97 was taken by vadhu dhonis. This
~gureactually underestimates the traditional importance of vadhu dhonis,

SIncethe troll fishery has all but collapsed since the mid-1980s (section
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1.2.3). During the period 1970-85, vadhu dhonis accounted for an average
of 62% of the kawakawa catch. In 1977-78, when vadhu dhonis fishin
effort was at its peak and masdhoni fishing effort was at a low ebb durin:
the transitional period of masdhoni mechanization, vadhu dhonis accOunted
for a record 83% of total kawakawa catch. Actual catch of kawakawa by
vadhu dhonis peaked in the early 1980s (Fig. 5.3), when the catch averaged
over 1000 t per year. Since then vadhu dhoni catches have declined, to just
220 t in 1997. During 1992-97, since the collapse of the troll fishery, vadhu
dhonis have accounted for an average of just 13% of the total kawakawa
catch. During the same period, mechanization of the vadhu dhoni fleet has
proceeded apace and the catch of kawakawa by sailing vadhu dhonis has

'dropped to just a half of the total vadhu dhoni catch (Table 5.2).

Pole and line masdhonis accounted for an average of 62% of the total
kawakawa catch during the period 1970-97, but just 41% during the two
decades 1970-89. The replacement of sailing masdhonis by mechanized
masdhonis following the start of mechanization in the mid-1970s is
reflected in kawakawa landings (Fig. 5.2). However, for kawakawa the
changeover was less dramatic than it was for other species. During 1980-85,
sailing masdhonis caught 15.5% of the total masdhoni catch of kawakawa,
but only 1.7% of the total masdhoni catch of skipjack tuna. This difference
illustrates the marginalization of the sailing masdhonis and their relegation
to trolling and reef fishing (section 1.3).

Since the mid-1980s, while the vadhu dhoni catch has decreased (Fig. 5.3),
the catch by mechanized masdhonis has increased greatly (Fig. 5.2).
Average annual catch of kawakawa by mechanized masdhonis during 1984-
87 was just 620 t. During 1992-97, kawakawa catch by mechanized
masdhonis averaged nearly 2500 t per year, which was 86% of the total.
Mechanized masdhoni catches peaked at 3360 t in 1996, but dropped tojust
1860 t in 1997.

5.2.2. Accuracy of Catch Estimates

Recorded catches of kawakawa, as shown in Table 5.1, are likely to differ
from the true catch as a result of inadequacies in the fisheries statistics
system (see section 1.5). For kawakawa there are two main problems:
underreporting and inadequate conversion factors.

Parry and Rasheed (1995) estimated that skipjack and yellowfin catches
might be underestimated by about 5% and 15% respectively as a result of
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derreporting. There has been no sampling to estimate underreporting of
unwakawa, but it is considered by Maldivian fishermen to be a less
~aportantspecies than skipjack. On this basis alone, it is suggested that the:gree of underreporting of kawakawa catches is likely to be greater than
5~O'In addition, it is likely that trolling catches are underreported to a
reaterdegree than pole and line catches. It is also likely that the degree of

~nderreportinghas increased in recent years as a result of changing attitudes
to civic duties in the islands (Anderson and Hafiz, 1996). It is therefore
Suggestedthat underreporting of at least 10% occurs for kawakawa catches.

Tunacatches are reported by fishermen in numbers, and are converted to
weightsusing average weight conversion factors. For kawakawa, recent
sampling suggests that an average weight conversion factor of about
1.1kg/fish is appropriate (Anderson, 1988; Scholz et aI., 1997). However,
fortheyears 1970-1987 conversion factors of 1.0 and 0.95kg/fish were used
(section5.5.2). It is possible therefore that the weight of kawakawa catches
mayhave been underestimated by about 10% in those years.

In summary, it is suggested that there is underreporting of kawakawa
catches.During 1970-87 this source of error may have been compounded by
theuse of deflated conversion factors. Since 1988, conversion factors are
thought to be more appropriate (although still far from perfect), but
underreporting may have increased. Therefore, reported catches of
kawakawaare likely to be underestimates of true catches, perhaps by about
20%,

5.3. CATCH PER UNIT EFFORT TRENDS

5.3.1. National Trends

Poleand line catch rates have increasederraticallysince 1970(Fig. 5.4).
The irregular increase in kawakawa catch rate with increasing masdhoni
fishingeffort is illustrated in Fig. 5.6. CPUE peaks in 1973, 1982-83, 1993
and 1996 all correspond to catch peaks (Fig. 5.1). With the exception of
1996,these were all EI Nino years (section 5.4.1). During the decade 1970-
79 .1'

, SalIllg masdhonis averaged catch rates of about 1.6 kg kawakawa per
day. During 1993 and 1996 mechanized masdhoni catch rates peaked at
~bout 14 kg kawakawa per day. It is difficult to explain this enormous
Illcreasesimply in terms of increased fishing power. Other' factors to betak .en Illtoaccount include:
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. Possible large-scale oceanographic influences affecting kawakaw
abundance or availability. Decadal-scale variations are discussed i~
section 5.4.2. However, an additional consideration is the possibility
of a shift from a regime of high frigate tuna catch rates (Fig. 4.4) and
low kawakawa catch rates in pole and line fishing areas in the 1970s
to the opposite in the 1990s. '

. Increased marketability of kawakawa in recent years affecting
fishermen's willingness to target this species. MIFCO started
buying kawakawa in late 1993, and private businessmen have been
buying it to make Maldive fish.

. Inadequacies in the method of standardizing masdhoni effort. This is
based on total tuna catches (section 1.5.1.2), and may not be
entirely appropriate for kawakawa. If the peak catch rates
associated with ENSO events are excluded, the net increase in
standardized kawakawa catch rate by masdhonis from about 2.5
kg/day in 1970-71 to just over 6 kg/day in 1997 can be accounted
for by a 3.5% per year increase in efficiency (over and above that
already accounted for in the standardization process).

Vadhu dhoni catch rates have also increased erratically since 1970 (Fig.
5.5). Most of the increase has occurred since 1978. Since that time, vadhu
dhoni fishing effort has dropped dramatically, from some 177,000 days
fishing in 1978 to only 30,000 in 1996 (Fig. 5.8). It is likely that the least
efficient vessels dropped out of the fishery fIrst, and this is thought to be the
most important single factor contributing to the rise in catch rates during the
1980s. The increase in kawakawa catch rates over time by trolling vadhu
dhonis is seen in all regions (Table 5.3). In the last few years both vadhu

dhoni fishing effort and kawakawa catch rates have stabilized. However, the
1997 drop in masdhoni catch rates is also seen in vadhu dhoni catch rates.

5.3.2. Latitudinal Trends

Kawakawa is commoner in the north and centre of the Maldives than in the
south (Anderson and Hafiz, 1985b; Anderson, 1987a& 1992).

A verage catch rates for different time periods, for both trolling and pole and
line vessels, are summarized in Table 5.3. Trolling catch rates tend to be
slightly higher in the north than in the centre, while pole and line catch rates
tend to be slightly higher in the centre then in the north. Overall there
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pears to be little difference in kawakawa abundance between the north
apd the centre. In contrast, catch rates in the south of the Maldives are 10-
~~otimes lower than in the north and centre.

The latitudinal distribution of kawakawa is very similar to that of frigate
tUna(section 4.3.2). Both species are relatively uncommon south of the
Veimandhoo Channel, which separates Thaa and Laarnu Atolls (section
1.4.1).

5.3.3.Seasonal Trends

Kawakawa catches and catch rates tend not to show the marked seasonality
so characteristic of the other major tuna species in the Maldives.

. .
Catchrates for pole and line vessels are listed by area and season in Table
5.4,and for trolling vessels in Table 5.5. For pole and line vessels there is
noobviouspattern of seasonal variation in kawakawa catch rates throughout
most of the country, particularly in the north and south of the country.
However,in the centre-east (Le. Lhaviyani to Meemu) average catch rates
are consistently higher in the southwest monsoon season than in the
northeastseason. Part of the explanation for this seasonal difference may be
that fishermen (in Male Atoll at least) report fishing closer to the atolls
duringthe southwest monsoon season (when the sea is rough) than during
the northeast season (when they venture further offshore in search of
yellowfin and large skipjack schools). In other words, the seasonal
variationsin catch rates may be the result of changing patterns of fishing
activity, rather than seasonal variations in abundance of kawakawa.
Alternatively,there may be a real increase in kawakawa abundance in the
southwestmonsoon season in this region, perhaps associated with a peak in
recruitment(see section 5.7) andlor inter-atoll migrations (see section 5.6). .

Whateverthe explanation for the apparent increase in pole and line catch
rates for kawakawa during the southwest monsoon in the centre-east
Maldives,this is in direct contrast to the findings of Anderson (1991). He
reportedno seasonal variation in mechanized pole and line catch rates in the
regionof the Vatteru Channel (between Vaavu and Meemu Atolls) during
the period 1985-90. In that study, variation between years for particular
~onths was found to be greater than monthly variation within years. The

~~screpancybetween the findings of the two studies may in part be due to
Ifferencesin the way the data have been lumped.
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In contrast to the pole and line vessel catch rates, trolling vessel catch rate
show clear seasonal variation. Throughout the entire north and centre-eas~
of the country, trolling catch rates are consistently higher in the southwest
monsoon season than in the northeast season (Table 5.5). Since 1l10st
trolling has been carried by sailing vessels, this may be a result of better
sailing conditions during the southwest season (when wind speeds tend to
be higher) than in the northeast season. The highest catch rates tend to be
made at the beginning of the southwest monsoon season (May and June)
when large numbers of small kawakawa are present (section 5.7). Table 5.5
shows that trolling catch rates in the centre-west of the country (Ari to Thaa
Atolls) tends to be higher in the northeast season than in the southwest
season. Closer inspection of the data shows that trolling catch rates for Ari,
Faafu and Dhaalu Atolls actually peak in May, during the transition from
the northeast to the southwest monsoon.

In summary,muchof the variationin kawakawacatchratesthatdoesoccur
may be related to seasonally changing patterns of fishing activity. There
might be relatively little seasonal variation in abundance of kawakawa as a
result of seasonal migrations between Maldivian atolls. Since kawakawa is
not an open ocean species, but is closely associated with the atolls, this is
not unexpected. However, it is possible that there are relatively small-scale
movements of kawakawa (e.g. from side-to-side of individual atolls) that
cannot be resolved with the data available (which are aggregated by atoll),
but which would be known to experienced fishermen. Strongly seasonal
recruitment patterns also playa role in determining seasonal catch rates
(section 5.7).

5.4. OCEANOGRAPHIC VARIATIONS

5.4.t. EI Nino Southern Oscillation Events

Kawakawa catch rates tend to be higher than normal during ENSO events
(Anderson, 1987a, 1991 & 1993; Hafiz and Anderson, 1994; Anderson,
Hafiz and Adam, 1996). Anderson (1991) noted elevated catch rates for
kawakawa by mechanized pole and line vessels in the region of the Vatteru
Channel (between Vaavu and Meemu Atolls) in September, October and
November during the 1987 ENSO event.

In this study, increased catch rates in El Nino years are confirmed.
However, no obvious seasonal or regional change in catch rates associated
with ENSO events are discerned. Catch rates of kawakawa during El Nifio
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r
d nan-El Nino years are summarized in Table 5.6. Over the entire period

31~70-97,catch rates by masdhonis were nearly 60% higher during El Nino
I rs than during non-EI Nino years. For vadhu dhonis, catch rates were on
yea

racre11% higher during El Nino years. Because there have been great3ye "'. . .
changesin fishing patterns and. fishm~ power over ~he p~nod 1970-97,
comparisonsover such a long time perIod may b~ mIsleadIng. Therefore,
omparisonsare also made between catch rates durIng ENSO events and the

~Yerageof the catch rates in the years immediately before and after. For
masdhonis,catch rates during EI Nino years were 3-85% higher than the
3yerageaf catchrates in the years immediatelybeforeand after.For vadhu
dhonis,catchrateswere6-44%higherduringElNinoyears.

5.4.2.Decadal Scale Variations

V3riatiansis kawakawa catches over the period 1970-97 are dominated by
the rise and fall of vadhu dhoni catches during the 1980s, the rise of
mechanizedmasdhoni catches during the 1990s, and the effects of ENSO
events.It is less easy to discern other trends in kawakawa catches that might
be attributed to decadal-scale oceanographic variations than it is for
skipjackand yellowfin tuna (sections 1.4.4,2.4.2 and 3.4.2).

Nevertheless, it is clear from Fig. 5.6 that masdhoni catch rates were
somewhatlower than expected for the amount of fishing effort carried out
during 1984-91, but higher than expected during 1992-96. These periods
correspondclosely with the alternating periods of high and low skipjack and
yellowfin catch rates that have been associated with decadal-scale
oceanographic variations. The decrease in kawakawa catch rates by
masdhonisduring the early and mid-1980s and subsequent increase in the
late 1980s and early 1990s has been noted previously, and attributed to
decadal scale oceanographic variations (Anderson, 1993; Hafiz and
Anderson,1994; Anderson, Hafiz and Adam, 1996). Maldivian kawakawa
catchrates(and thereforepresumablyalso abundance)do, thereforeappear
to be influenced by the same decadal scale oceanographic variations that
affectcatch rates of the other main tuna species.

Thepossibility of a regime shift, from a period of high frigate tuna and low
kawakawacatch rates in the 1970s to the reverse in the 1990s is mentioned

~bove in. section 5.3.1. With no independent evidence to support this
YpotheSlsit is not discussed any further here.
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A erage weights of kawakawa landed at seven locations during 1994-96
vaed from 0.6-1.5kg/fish, with a mean of 1.l2kg/fish (Scholz et aI., 1997).

~~i~mean weight estimate is !n good agreement with the average w~ight
nversion factor currently beIng used by EPCS. However, the relatIvely

~oraeseasonal variations in average size (sections 5.5.3 and 5.7; also Fig.
;~ mean that the use of annual average weight conversion factors is likely
to produce significant errors in catch estimates. As an example, kawakawa
landedat Malemarketduringthe first quarterof the year weighan average
of 1.51kg each, while in the second quarter the average weight is only 0.88
kgeach(Scholz et al,. 1997). See also Fig. 5.9.

5.5.3.Growth

5.5. KAWAKAWA SIZE DISTRIBUTION

5.5.1. Length Distribution

A summary length frequency distribution for kawakawa measured at six
sampling sites during 1994-96 is given in Fig.5.8. 95% of the 13,000
kawakawa measured were within the range 26-48cm FL. 50% were within
the range 32-42cmFL. Themean lengthof the samplemeasuredwas38cm
FL. The smallest kawakawa measured was 15cm FL, and the largest Was63cm FL.

These size ranges are similar to those reported in previous studies
(Anderson and Hafiz, 1985b; Anderson, 1987a; Anderson, Hafiz and Adam
1'996). However, the largest kawakawa reported by Anderson (I 987a) wa;
74cm FL. That individual was measured at Male market in January 1986;a
second individual of 74cm FL was measured at Male market in January
1992. These are the largest kawakawa recorded so far in the Maldives.

The size range caught in the Maldives is comparable to the sizes caught
elsewhere in the Indian Ocean (Yesaki, 1989). However, individuals of at
least 87 em FL have been recorded in the Seychelles (Steinberg et aI.,
1982).The maximumlengthfor this speciesis reportedto be about 10Ocm
FL (Collette and Nauen, 1983).

On the basis of limited catch sampling at B.Eydafushi during 1983-85,
Anderson and Hafiz (I 985b) noted that there was no obvious size difference
between catches made by trolling vessels and those made by pole and line
vessels.

5.5.2. Average Weights

Tuna catches are reported by fishermen in numbers, and are converted to
weights using average weight conversion factors. For kawakawa, the
following conversion factors have been used by the Ministry of Fisheries
and Agriculture at different times (Anderson and Hafiz, 1996; Anderson et
aI., 1996; Scholz et aI., 1997):

1959-1975
1976-1987
1988-1996

1.0 kg/fish
0.95 kg/fish
1.1 kg/fish
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Therehave been no previous studies of kawakawa growth in the Maldives.
Asnotedby Anderson (I 987a), Maldivian kawakawa length frequency data
do show periods of clear modal progression, but cases exist where two
separatesets of modes converge. Such cases are the result of the interaction
of growth, migration and recruitment; it is difficult to resolve the growth
componentalone.

Aspart of this study, monthly length frequency histograms of all available
datawere produced. An example, illustrating sizes of kawakawa measured
at Malemarket between January 1994 and December 1995, is presented in
Fig.5.10. Attempts were made to fit von Bertalanffy growth parameters to
these data using a range of length frequency data analysis programmes
(ELEFAN, Projection Matrix and Shepherd's Length Composition
Analysis, all available on a Length Frequency Data Analysis package,
Version 3.10, developed by the Marine Resources Assessment Group,
Imperial College, London, and provided by the British Overseas
DevelopmentAdministration). Robust results were not obtained. For Male
datafrom March 1994 to January 1995 (when clear modal progression was
apparent:Fig. 5.10), no programme gave an unequivocal estimate of von
Bertalanffyparameters. All models gave best fits for unacceptably high
valuesof Loo(i.e. in the regionof 120em FL, whilethe largestkawakawa
~easured in Maldives were 74cm FL). Estimates ofLoo within the relatively
hmitedrange 71-80cm FL could be obtained, but corresponding estimates
afK spanned the unacceptably wide range 0.37-0.86.

Moresimply, growth rates were estimated by eye for periods during which

c~e~r,linear modal progression was apparent (Fig. 5.10). For both thep nods March to December 1994 and March to June 1995, average growth

l
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rate was estimated at about 1.6 cm/mo. This growth estimate applies within
the length range 28-45 cm FL.

Yesaki (\ 989) reviewed kawakawa growth studies in the Indian Ocean. A
wide range of growth rate estimates have been made. The rate estimated
here of 1.6 cm/mo (roughly 19 cm/year) within the size range 28-45 cm FL
is higher than that obtained by most other studies (roughly 1.25 cm/year),
However, comparable results have been obtained from the Seychelles Using
modal progression analysis (Ommanney, 1953).

5.6. KAWAKAWA MIGRATION

There has been no study of kawakawa movements in Maldivian waters. No
tagging has been carried out. Analysis of seasonal changes in kawakawa
CPUE (see section 5.3.3) does not give a clear indication of migratory
activity. Kawakawa catch rates in the east-centre of Maldives are higher in
the southwest monsoon than in the northeast monsoon. This might be taken
as evidence of migration from side to side of the atoll chain, in a manner
similar to that proposed for frigate tuna (section 4.3.3). However, these
CPUE changes might also be explained in terms of seasonal changes in
fishing activity. Furthermore, there is no corresponding out-of-phase change
in CPUE on the west coast. The nature and extent of kawakawa migrations
within the Maldives therefore remain unknown. It is quite likely that there
are seasonal migrations within atolls, but data are not available to test this
possibility.

5.7. KAWAKAWA REPRODUCTION

There has been no study of kawakawa reproduction in the Maldives. No
gonad studies have been carried out. From length frequency studies, the
largest numbers of small kawakawa (i.e. <30 cm FL) are seen at Male
market in March and April (Fig. 5.10; MRS, 1997: Vols. 1,3 & 4). High
proportions of small kawakawa were also caught at Baa Atoll in April and
May 1986 (Anderson and Hafiz, 1985b: 1988 revision) and at Laamu Atoll
in April 1994 during the second tuna tagging programme (MRS, 1997: Vol.
2). It therefore appears that there is a major and widespread peak in
recruitment at this time. This is followed in some areas by a peak in trolling
catch rates in May and June (section 5.3.3). Many Maldivian fishermen
report the regular appearance of large numbers small kawakawa in April-
May. They refer to these fish as assidha kashi latti (or sometimes assidha
kethi latti). Assidha and kethi are nakaiy (section 1.4.2) in April and May.
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A second pe? III recruItment In eptem er- ovem er IS .apparent from
Male length frequency data (MRS, 1997: Vols. 1,4 & 5). ThIs suggests that
there are two main spawning periods. However, the presence of a few small
kawakawa in all months also suggests that at least some spawning occurs

year-round,

l

5.S. KAWAKAWA STOCK RELATIONSHIPS

rhere has been no study of kawakawa stock structure in the Indian Ocean.
However, kawakawa is generally regarded as a neritic species (Yoshida,
1979.Collette and Nauen, 1983, Yesaki, 1989). In Maldives, kawakawa is
closely associated with the atolls. It is also found between the atolls, but is
not normally found offshore. During a 12 month exploratory offshore
fishing survey carried out off the east coast of Maldives (Anderson and
Waheed,1990), only four kawakawa were caught offshore (30-60 miles east
of Lhaviyani Atoll in November 1988). Larvae are found offshore, but are
commonest near continental margins and islands (Yoshida, 1979; Yesaki,
1987),It is therefore suggested that for most purposes the kawakawa found
dl'Oundthe Maldives may be considered to be a single unit of stock. The
extentof mixingbetweenthe Maldivesandthe Lakshadweepto the northis
notknown,

5.9. KAWAKAWA STOCK STATUS

As mentioned above, the kawakawa found in Maldivian waters are thought
to be a discrete unit of stock. There has been no rigorous stock assessment
of the Maldivian kawakawa resource. However, there is no evidence prior
to 1997 that the stock was being exploited at a level greater than its
sustainable yield (Anon, 1997). There is certainly little suggestion of a
decreasein catch rates at current high levels of fishing effort (Fig. 5.6). The'
I'easonfor the drop in catches and catch rates in 1997, for both masdhonis
and vadhu dhonis, is not known, The fact that the drop in 1997 followed a
record high catch in 1996 is suggestive of overexploitation. However, the
dynamics of the kawakawa population, and in particular the effects of
oceanographicvariations, are so poorly understood that it is not yet possible
to interpretthe decline in catch in 1997with any confidence.
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Table 5.1. Annual Maldivian catches (t) ofkawakawa by vessel type, 1970.
97.
Source: MOFA/EPCS.
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fable 5.2. Annual catches ofkawakawa by trolling vessel, 1989-97
rce'MOFA/EPCS.Sou'

Table 5.3. Average regional catch rates (kg/day) for kawakawa by different
vessel types and time periods
Source:MOFAlEPCS data compiled by MRS
Note:North includes atolls from HA to Lh; Centre from K to Th; South from L to S
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Year Sail P/L Mech P/L Total P/L Trolling Misc Total-

1970 242 -- 242 402 ... 644-
1971 220 -- 220 253 473
1972 253 -- 253 343 ... 596
1973 574 -- 574 514 ... 1088
1974 397 -- 397 433 830
1975 140 7 147 268 415
1976 157 34 191 7?2 953
1977 112 48 160 767 927
1978 78 55 133 634 768
1979 94 79 173 548 721
1980 104 191 295 768 1063
]981 119 284 403 871 .. 1274
1982 172 671 843 1044 ... 1887
1983 98 895 993 1094 ... 2087
1984 49 646 695 1019 1714
1985 99 811 910 1267 ... 2177
1986 23 476 499 572 ... ]071
1987 18 548 566 666 1232
1988 II 690 701 547 9 1257
1989 13 811 824 485 13 1322
199D 15 1238 1253 631 7 1891
1991 4 1244 1248 413 16 1677
1992 65 1998 2063 376 12 2451
1993 20 3061 3081 475 13 3569
1994 II 2217 2228 421 7 2656
1995 II 2274 2285 404 3 2692
1996 3 3364 3367 260 23 3789
1997 1 1864 1865 22D 3 2088

-- Catch by type of trolling vessel (t) Percentage by

Year Sailing Mechanized Total Sailing

1989 463 22 485 95%

199D 614 17 631 97%

1991 395 18 413 96%

1992 356 20 376 95%

1993 446 29 475 94%

1994 313 109 422 74%

1995 322 82 404 78%

1996 242 156 398 61%

1997 115 105 220 52%

VesselType Propulsion Years Catch Rates (kg/day)
North Centre South

Trolling Sail 1970-74 6.1 4.3 0.1
Sail 1975-78 9.3 7.5 0.1
Sail 1979-83 7.8 8.0 0.2
Sail & Mech 1989-95 14.8 10.3 1.1

Pole and line Sail 1970-74 1.8 2.7 D.1
Sail & Mech 1975-78 2.9 2.0 0.1
Mechanized 1979-83 3.1 9.6 0.1
Mechanized 1989-95 7.1 10.3 0.3



Table 5.4. Average seasonal catch rates (kg/day) for kawakawa by pol
and line vessels for different areas and time periods e
Source: MOFA/EPCS data compiled by MRS

Note: SW monsoon season lasts from June to October; NE monsoon from December to April

Table 5.5. Average seasonal catch rates (kg/day) for kawakawa by trolling
vessels for different areas and time periods
Source: MOFA/EPCS data compiled by MRS
Note: SW monsoon season lasts from June to October; NE monsoon from December to April

Table 5.6. Comparison of kawakawa catch rates (kg/day) during E1Nifio
Southern Oscillation events and 'normal' years
Source: MOFA/EPCS data compiled by MRS
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Fig. 5.1. Kawakawa - annual catches by vessel type, 1970-97
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Fig. 5.2. Kawakawa - percentage contribution to annual catches by
different vessel types, 1970-97
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Fig. 5.3. Kawakawa - annual catches by trolling vadhu dhonis
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Area 1970-74 1975-78 1979-83 1989-95
SailingP/L MixedP/L MechP/L MechPIt
SW NE SW NE SW NE SW

North (HA-HDh) 0.7 0.5 3.9 1.8 4.4 5.0 4.5 -
3.5

NE (Sh-N) 5.7 2.1 3.5 9A 0.7 9.9 16.6 12.1
Centre-east (Lh-M) 2.4 1.3 1.8 0.5 4.1 1.1 7.5 6.5
NW (R-B) 1.1 2.0 2.0 0.7 1.2 3.0 3.2 8.0
Centre-west (A-Th) 2.6 2.6 3.6 1.5 7.7 0.9 8.3 17.2
South (L-S) 0.1 0.1 0.1 0.1 0.2 OA 0.2 OJ

Area 1970-74 1975-78 1979-83 1989-95
SW NE SW NE SW NE SW NE

North (HA-HDh) 4.8 3.0 7.5 5.9 8.0 7.3 14A 14.2
NE (Sh-N) 7.0 3.5 10.9 7A 8.3 5.8 16.8 11.2

Centre-east (Lh-M) 2.8 1.6 6.5 3.0 5.0 1.9 7.7 4.7

NW (R-B) 10.6 7.1 12.2 9A 8.7 7.0 19.6 10.7

Centre-west (A-Th) 3A 3.0 6.2 8A 7.7 7.8 9A 10.5

South (L-S) 0.1 0.1 0.1 0.1 0.2 0.1 1.1 1.1

Years compared Standardized masdhoni catch rates Vadhu dhoni catch rates
ENSO Non- ENSO Non- ENSO ENSO Non- ENSO

ENSO ENSO increase ENSO increaSe

]970-97 6.8 4.3 59% 9.0 8.1 11%

72-73 71&74 4.3 3.3 31% 5.2 4.2 23%

76 75&77 1.9 1.7 16% 5.6 3.9 44%

82-83 81&84 8.5 4.1) 85% 8.6 8.0 6%

87 86&88 3.4 12 3% 9.6 8.9 8%

92-94 91&95 10.2 7.2 42% 11.5 12.3 9%



Fig. 5.4. Kawakawa - annual catch rates by pole and line masdhonis,
1970-97
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Fig. 5.5. Kawakawa - annual catch rates by trolling vadhu dhonis
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Fig. 5.6. Kawakawa - relationship between fishing effort and catch rate

for standardized (mechanized) masdhonis, 1970-97
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Fig. 5.7. Kawakawa - relationship between fishing effort and catch
rates for trolling vadhudhonis, 1970-97
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Fig. 5.8. Kawakawa - length frequency distribution of catches,
at seven locations in the Maldives, 1994-96 (N=12,972)
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Fig. 5.9. Kawakawa'- average size landed at Male' market, by month
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Fig. 5.10. Kawakawa - Monthly length frequency distributions at Male, 1994 (FL in cm)
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