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MINISTER'S PREFACE

e B

Tam hmnumﬁ to be able to introduce this third volume of the Maldives
1,m¢ Research Bulletin. | 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 pur forefathers carried out at least more than thousand years ago. This
it o great heritage, which we should be proud to carry forward into the next
millennium.

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
advm:ly affecting catch rates in some parts of the country. The details are
d in this volume, and are @ matter of grave concern, At the same
tima, changing socio-econamic conditions within the country are resulting
in fewer young men entering the fishery, Already the nomber of masdhonis
netively 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.

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 EEZ 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 10 ensure sustpinability. By bringing together se 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 Maniky in fostering an environment in
which such research can be carried out also deserves special mention. In




addition, it is a great pleasure to acknowledge the vision of my predecessors
at this Ministry, Mr. Adbul Sattar Moosa Didi, Mr. Ahdulla 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

Itisa greut pleasure (o introduce this third volume of the Maldives Marine
Bulletin. It deals exclusively, and in great depth, with those most

e of fishes, the tunas For at least one thousand years, the mna
fishery has been a maimstay of Maldivian island life and of our national
cconomy. Indeed, it is difficult to overemphasize the rmpﬂrta.nce of this
ﬁg;hgty in our history and on our national development. It is therefore very
¢ that this entire volume is devoted to the una 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
acean 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 Niflo events) on Maldivian tuna catches. If we can
understand the mechanisms: invelved and then learn to predict ocean
varintions @nd consequent variations in our tuna ecatches, 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 comrelated with the growth of the western Indian Ocean
purse seine fishery. As the authors rightly point cut, correlation is not proof
of couse and effect. Nevertheless, this s a particularly worrying
development. If 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 socioc-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 @ salutary lesson as to what can happen, almost overnight
and almost unnoticed, even to a well established and biologically sound
fishery. Mew 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 finished work, Rather, it is a progress




report. Research on the status of the all-important tuna resources must
continue if we are 10 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 vears 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 po 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 enlminated 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 ta 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
Malé market sampling programme; and with compilation of data. These
unglamarous 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
Ministrv-of Fisheries, Agriculture and Marine Resources
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Fig. 1.1. Map of the Maldives
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_ pHE TUNA FISHERY RESOURCES
| OF THE MALDIVES

1. INTRODUCTION

R Charles Anderson, Zaha Waheed and M. Shibam Adam

1.1, BACKGROUND

The tana fishery is one of the pillars of the Maldivian economy. It provides
a major source of employment, @ major SOUrce of food, and a major source
of export eamings. Reeen! annual fish catches haye been of the order of
100,000 1, 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

rocessed 10 make hikimas or ‘Maldive fish', a boiled, smaked 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 (ADI 153-4%, However,
the first detiled record was provided by the great Arab travelier [bn
Buttuta. He described the preparation and consumption of Maldive fish at
the time of his visits in 1343-44 and 1346 (Gray, 188%; Gibb, 1929). A later
Portuguese visitor, Valentin Fernandes, gave 4 clear description of livebait
pole and line fishing and Maldive fish preparation in 1507 (Fitzler, 1933).
Frangois Pyrard de Laval, a Frenchman who was shipwrecked in the
Middives in 1602 and lefl the most comprehensive carly account of the
islands. also noted the fishery (Gray, 1889).

The tuna fishery as described by these carly trayellers remained almost
‘unchanged right up until the early 1970s. During the following decade the
fishery underwent o 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 i Lankan market for Maldive fish, the
development of tourism in the Maldives. and the mechanization of the
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fishing flest. The socio-sconomic consequences of these developments have
been far reaching (see section 1.3)

Although the Maldivian tuna fishery has survived for centuries, the
resourcas on which it is hased 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
fMeets from Japan, Taiwan and Korea, Starting in the 19805, large scale tuna
purse seinmng 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
fram 378,000 t in 1984 10 1,107,000 t in 1995 {IPTP, 1996a & 1997). As a
resull 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
excess of 90% to roughly 10% now,

The two main species caught in the Maldives (skipjack and yellowfin tuna)
are both considered 1o be highly migratory. As such, they are not confined
to any one 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
vellowfin tuna in the Sri Lankan EEZ one day might pass into the
Maidivian 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 happering. 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
tund, the total Indian Ocean catch peaked in 1993, and may be close to the
maximum sustainable vield. Onee 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

ooulations in and around the Maldives, in order to provide the

‘unn pop!

formation required for munaging sustainable utilization. The aims of this
in are to present a summary of current knowledge of the tuna fishery

resources in the Maldives, and 10 Highlight areas where further rosearch is
required (o meet this goal.

‘Ihis introduction has two amms. First, to provide an overview of the fishery,

so that the subsequent discussions of resources can be viewed in context,
Secondly. 1o 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

12. THE TUNA FISHERY
1.2.1. Species Compasition

‘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). 1t should be noted, however, that the catches of non.
wng species  are seriously underreported. The Maldivian tuna fishery is
hased on four main species, namely skipjack, yellowfin, frigate wna and
kawakawa (or eastern little tuna). In addition to these four main species,
three other tuna species are caught in smaller quantitics:

English Name Seigntific Name Dihivehi Name 1997 Catch
Sk .u;k fuitii Kentsuweinpes pederiy Kalhubilamas 60,0151
Yelliwtin ting Thurinian il feicares Kanrel 13,029t
Frigate tunn Atiwix tharard Raagondi 24881
' Rawnkowa Fatferemus affinis Laiti 20881
Ehpmm Tuma Gmnasarda unicolor Wershimes 49t
Bigeye tuna Thunnus pbesux Loabodiy karmeti {500 t)
BTt thtia Auicis richet Raagend] 231)

Note. Catch data from MOFAJEPCS, numbers in brackels are estimutes by MRS

Skipiack (Karstwonus 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 tina catch rates peaked in 1988-89, ‘when
skipjack contributed a record 86% to the total tuna catch. Afer that catch
rates declined. and did not recover until 1994-95, Skipjack catches are made




almost exclusively by pole and line, with mechanized pole and line vessels
(masdhanis) now accounting for 99% of landings.

Yellowfin tuna (Thunmuy atbacares) is the second most important fish
species in the Maldives (section 3), Yellowfin catches mcreased to record
levels in 1994-07, when they averaged nearly 12.800 1 per year. Yellowfin
contributed an average of about 11% 1o the entire national fish catch, and
about 13% to the recorded tuna catch during the period 1970-97. Until
récently the vellowfin 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. [n the
last few years as new markets have developed, large yellowfin have been
caught in inereasing numbers. Juvenile yellowfin are caught almost entirely
by pole and ling, while large vellowfin are caught mainly by handline, troll
and longline.

Frigate tuna (Awuxis thazard) 15 the third most important wna species in the
Maldives in terms of catch weight (section 4), Recorded catches in 1993-96
averaged 3000  per vear, but dropped t© 2500 t in 1997, Frnigate tuna
contributed an average of nearly 7% of the total tuna catch during the period
[970-97, In 1973 it contributed a record 20% to the total tuna catch,
Although 1996 was another bumper vear, the relative importance of frigate
tuna has decreased i recent vears, 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 castern little tuna (Ewthyinus affinig) is the fourth most
fmportant tuna species in the Maldives (section 5). Average recorded caich
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 1aken 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 numhber of other tunas do
pecur in Maldivian catches. Bigeye tuna (Thunnus obesus) s not

4 . but catchics are not distinguished from those of yellowfin tuna.
‘Current pole and linc calches are estimated 1o be of the order of 500 1t per
g '-'g,g,.,démn, 1996). This species is discussed in section 3.10.1, Bullet
mmm rocher) is taken in both the troll and pole and line fisheries, bt
catches are not distinguished from those of frigate tuna. Current catches
‘may be less than 100 1 per year. This species is discussed in section 4,10.1.
e stooth tuna, Gymnasarda unicolor, is a reef associated species. 1t is not

Lo i the pole and line fishery, and only small numbers are tuken in the

t&!ﬂm ery. Catch statistics have been collected by MOFA since 1984

{(Table 1.1). It is not considered any further here. Two other species that
‘e been recorded from Maldivian waters are the atbacore tuna (Thiomus
alafuniedy and the longtail wna (Thumms tomgrenl) (Anderson, Randall and

1.2.2. Species interactions

j the four main tuna species are treated separately and more-
y -‘r‘nttupendcntl}*. It should be kept in mind, however, that they do not
Jive i lsolation. Tunas often school together, particularly when small and
with other tunas of the same size, for ¢xample skipjack with juvenile
wellowfin, and frigete tuna with kawakawa. The extent 10 which different
tuna species compete for food is unknewn, @s is the extent to which they
previan smaller individuals of other tuna species, and indeed of their own

‘Not enly 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 wna schools are listed
Below:

Erglmh name Sclentific nome Maldivisn name [nteractions
Silley sk 1 ‘snveheefitin felifarni (dveatld meyesu) e peyarsi Predaion
:ﬁ:mlill-: whitetip sl Carchartyrois lotgimanin Few kemfary mipioe Predator
anibeisy runne Fidamgeayay Aipieilintar A yerias f:"“'F'ﬂlﬂ"-‘*'
Dol dieh 1 aargihicecends Brippinersis Fiyel Competitor
 Ozan frppeefih [ ntdnelormniy st | M) pemcle r
i Preney spp. {himas” Prey
Feeneda volttamy (& others) Fulhangl Proy

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 1o be competitors to tunas of the same size. while many fish will fail




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.
Rambow runner is probably the most frequently taken, although there are no
catch data. Silky sharks are also taken, the juveniles as by-catch in the pole
and line fishery. and adults by longline. The interactions of silky sharks and
tunas ar¢ 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 tna catches. They also report that catching of
oceanic sharks by longline reduces tuna caiches, 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 arca that requires further study. The interaction of large vellowfin
tuna and dolphins is briefly discussed in section 3.10,2.

The selective effects of lishermen must also be kept in mind. For example,
Maldivian pole and line fishermen favour skipjack tuna over any other
species: thercfore, 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 masdhom. ‘Mas® means fish, or 'more
specifically skipjack tuna, so a maydhoni is simply ‘a tuna fishing boat,
Masdhonis are made of wood and are typically about 9-14 m long (boats are
traditionally measured in rivan, which are equal 10 27 inches). There is a
platform at the stern (fenfifaq or filaggandu), where the fishermen stand
when pole and line fishing, Most of the rest of the boat is open. The hull can

10

be flooded (by pulling out bungs in the sides) 50 that livebait can be carried
Eﬂl T

The masdhoni flest was traditionally sail (and oar) driven, Mechanization of
mcffw staried in 1974 when a single masdhoni was equipped with an

2 diese! engine. Mechanization progressed rapidly, with over 800
 dhonis being mechanized by the end of 1980 (Table 1.3). Also by the

m&@_ 1980, 92% of the masdhani tuna catch was made by mechanized
wuﬁhﬁﬂﬁmﬁ of 22-33 HP were used.

’Fﬂ{iﬂ'ﬁrﬂ& years after mechanization started, masdhoni design varied little

from fraditional pattern. The only major modifications required were to

......

the stem, to accommodate the propeller, and in the construction of a

mugh ight enpgine compartment. A ‘second generation dhmff was
introduced from 1983. These vessels are built to a standard design at a

t boatyard at R.Alifushi (other vessels are usually built
ually on the owners' islands). Second generation dhonis are 45" long

[]:;tfjm} and have a number of design improvements aver the original

dhonis:

® They are built from planks of imported hardwood, rather than local

eoconul lumber. This requires much less woond.

» They nre designed as mechanized vessels, rather than as modified sailing

vessels. They are strengthened to carry an engine, and have a stern
lransom.
o Related to this, the stermn fishing platform is an integral part of the
~ structure of the second generation dhonis, rather than a separate
;i_dﬁiticn. This gives mare room for the fishermen to stand while
fishing. _
e Much of the deck is planked over, rather than lefl open, as in most
traditional masdhonis.

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

Over the list decade there has also been & trend towards building larger fmd
fitster 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 se!l their catch
shead of other boats. Since skilled fishermen are in short supply on many
istands (section 1.3), boat owners who want to stay in business have had 1o
respond to this demand. The trend towards bigger and faster masdhonis i«
now entering a new phase. During 1994-96 about a dozen very large
maschonis. 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 whee! houses, In response to this demand for
larger ‘and faster vessels, in mid-1997 the Alifushi boatvard started
production of a ‘new version’ ahoni, 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 vadhix dhoni is a trolling baat. Most are still sail powered,
but an increasing number have been mechanized in the last few vears (Table
1.4), using both outboards and small diesel inboard engines There are
typically 3-3 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
lishing. Instead they are used for wransferring 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 stréam-lined form of rowing boat, known
as a soki dhoni, is sometimes used for trolling, particularly when the wind is
too light to use a sailling vadhn dhoni

Throughout this report the lerms “pole and line vessel” and masdhoni are
used interchangeably, as are ‘trolling vessel’ and vadhae dhoni. Waheed and
Zahir (1990) pgave 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
resourees is therefore vital to the prosecution of the Maldivian tuna fishery.
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_are hormally caught first thing in the morning, adjacent to reefs

B the atolls. A simple liftnel is used. Livebait fishing at night using

""" Jights Wwas nol traditionally practiced in the Maldives, but it became

@hﬁﬁhﬁd in Addu Atoll, .J.ppurumiw in the 1970s. It subsequently spread to

southern atolls and is now has started starting to spread through the

rest. gf the country (Anderson, 1997b; Anderson, Waheed and Nadheeh,

. The current national catch of livebait is roughly estimated at just

ﬂm’ﬁ m‘ﬂ]ﬂ t per: year (Anderson 1994 & [997a). The major livebait

species, 108 together with rough estimates ol their contribution 1o the total
ﬁmﬁh catch (Anderson, 1997a) are listed below:

'm e Smlﬂ- Maldey ian name Percentape
R Syt sl wracifle Rl AH-= 1024
'W Vinricines Cncsbonidy Aiegsate iy RO,
Ciedin Varions & pogorids Hesentles o finsin 10+ 3%
Anchey it hetpralale. Miaren PEL
R spiut Nprteiivictes it Harifeli 5L
THhers Variouy spesive Nilimedd, betarakd, gamibalhu P L

K&Hﬁrs of the Maldivian baitfishery are provided by Anderson und Hafiz
fater reprinted in a revised form by Maniku, Anderson and Hafiz,
fmmﬂ Anderson (1997a). Some early descriptive accounts of the tuna
fishery include some information on livebait (lfonklaas, 1967; Munch-
Petersen, 1980). Accounts of livebail fshing methods are given by
nderson (1983 & 1995), Liews (1985) and Waheed and Zahir (1990). The
l ﬂi"-ﬁlm varicties used are described by Anderson and Hafiz (1984), The
bi &m’ of some species is discussed by Blaber et al (1990), Milon et al.
{Tm& 1990k} and Anderson and Saleem (1994 & 1995). Estimates of
lﬁe%‘% of the livebait fishery are provided by Anderson and Hafiz (1988)
&nd:rsun (19494 & !99?&) Management issues are discussed by
ﬂ%ﬂn and Hafiz (1988), Wright (1992), Anon (1997) and Anderson

(19973),

125, Pole and Line Fishing

Tﬁfll fishing is carried out on day trips. Pole and line fishermen typically
Tﬁﬂ\‘c their islands around dawn to catch livebait on nearby reefs within the

atol]. Once sufficient bait has been obtained the masdhonis move outside
ﬂl# 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 wolling. and by surface
activity of the funas themselves. Seabirds are the most important indicators
(Shafgeg, 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, dneus stefidus. 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 stern platform. 2-8 fishermen stand on the
platform facing aft, and fish the area immediately astern of the boat, Water
is spraved from the stern. Traditionally, this was done by hand, with two or
more crew members dedicated 1o the task, They used splashers made from
coconut flower guards, known as femfulhafi. 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 Revadhu) over the sides of the
masdhant, towards the stern, These haitfish 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 2-shaped,
has a broad flanened 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 19705 and locally
made varieties (known as Japan buli or Sato bulf) 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, although baitfish may be put on the hook if the tunas are not
biting well.

The hooks are attached to the poles with nylon fishing line of 60-180 1b (27-
82 kg) breaking strain (Waheed and Zahir, 1990). The line is tied 1o 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 1o
such a lenath that the hook jusl reaches the base of the pole; hooking it

under the bottom rim of the pole prevents tangles when the poles are not in
use,

ditionally, fishing poles were of bamboo. Nowadays, glass fibre rods are
S aopuliir, because they are stronger. A variety of pole sizes are used,
mﬁm| carrving 20-40 or more poles. Longer or shorter ones can be
de on hew closely the wnas approach the vessel; stronger or

: are ueed, depending on the size of the wnas. The shorter and
W‘ﬂhﬁ have thicker lines and larger hooks.

ooked, the fish are pulled inboard. Because the hooks arc unburbed,
she tinas come off the hooks once the strain is off the line. The fishermen
iy o have their fish come off the hook, fly il’o:;wm'd an'i hit Lh-: wc:.i-.dlgn
board (may o) set up across the vessel between the mast and the
w&ﬁﬁu i:'hen drEp back down into the fish well. The master
fishermen have the prime positions at the very stern, with more junior
dhermen standing behind them (i.e. further forward on the fishing

platform). Jumior fishermen have to dip their fishing poles to allow the

tunas caught by fishermen standing in front {astern) of them to pass.
N

shing on & school is finished, the captured tunas are lifted out of Ehe

' qﬂmd stacked, belly up, on shelves below deck or on deck (in which
case they are often covered with the bait nct), Searching continues for other
tuna schools. The masdhonis tetumn to their atolls in the afternoon or
Hﬁﬂg_ Fish may then be sold to the cannery, to one of the two freezer
plants or 1o & freezer or collector vessel, to Malé market, or taken back to
e istand for processing.

. ¥
-&?&m*rnm Fishery

ASwith pole and line fishing, trolling is carried out en day (or part-day)
rips. Trolling is widely believed to be most successful in the early moming
ind late afternoon (Waheed and Zahir, 1990). Trolling speeds of about 4-5

%ﬁﬂt&m preferred -\"Waheed and Zahir, 1990), so wind conditions must he

suitable. The main target species is kawakawa (/o) although frigate tuna

and other species are also taken. When trolling for small tunas, nylon lines

of abouit 30-50 Iy (14-23 kg) breaking strain and small hooks (number 12-

ﬁ]%‘ are used (Waheed and Zahir, 1990). Lures are locally made,

Ataditionally using feathers, but these days more often using plastic, Two or

three lines are normally towed &t onge, each with a single hook. However,

‘some boats tow up to five lines using outriggers, and others use several

I‘Wkﬂ per line.




Vadhu dhoni fishing enjoved a burst of popularity m the late 1970s 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 tished by trolling vessels (Table 1.5 & 1.6) being now at their lowest
level for, possibly, hundreds of years. The reasons for this collapse arc
thought to be sociv-economic, but have not been studied.

Trolling was traditionally far commoner in the north of Maldives than in the
cenire and south, This is almost certainly because the main tarpet species
(kawakawa and aiso frigate tuna) are commoner in the north than in the

wouth (Anderson, 1992 & 1993; sections 4 & 5), The collapse of the

tracitional troll fishery is therefore believed o have had a much grester

sogio-economic impact in the north of Maldives than in the centre and

south.

MNote that this section has dealt only with the traditional vadhe dhoni troll
fishery for tunas. Trolling is also carried out by masdhonis and transpont
vessels, while travelling, and these days also by tourist boats: Separate
records of these caiches are not maintained. A smull but growing big game
fishery has started, which targets saillish, 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 nol
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 1o the northeast and the British Indian Ocean
Territory (Chagos) o 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 arca, under licence, Only longlining and
trolling are allowed; purse-seining and gillnetting are specifically banned.

Far Egstern longliners operated in the area of what is new the Maldivian
EEZ since about 1954, Klawe (1980) summarized some information on
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Analine activity in the area during the 1970s. Anderson and Wiaheed (1990)
; “;}i[&"il".'?!luﬂmaf}' of information obtained during an exploratory offshore
mwa% cartied out from 30-100 miles offshore from the eastern side
 Maldives duting 1987-88. Anderson, Hafiz and Adam (1996) pltuwde
don on EEZ fishing activity during 1994. Licences to fish in the
“EZ are issued by the Ministry of Trade and Industries. Catches are
mosed tobe reported to the Ministry of Fisheries and Agriculture, bul in

tice are often nol reported or under-reported, Better monitoring of the
-7 fishery would be desirable.

In recent years relatively large numbers of Sri Lankan fishing boats

: tcon hhﬂﬁ&ﬂ longline~gilinetters) have been caught while fishing illegally

in the Muldivian EEZ. most commonly during the northeast monsoon
.-_' \--

1.2.7. Infrastructure, Processing and Exports

Tuna, aad particularly skipjack twna, is the favoured fish of most
: g, and so o large proportion of the tna catch is consumed locally.
ance is exported. The traditional export product was “Maldive fish’

. a boiled, smoked and dried similar to the Japanese katsuahushi,
imay was exported as far as Yemen to the west and Bengal and Sumatra
1o the east, However, for centuries the main market for hikimas was Sri
Lanka. uetil 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.

ﬁﬁm is & wma 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 1
per day, although 60 t per day has been achieved with large fish, Current
freezer capacity is 750 . During 1993-5, two pther land-based freezer
ﬁﬁﬂﬂﬁ twere built, One at G.A Koodhoo has a daily freezing capacity of
1, and a storage capacity of 1800 1. The other 4t L. Maandhoo has a daily
zing capacity of 50 t and a storage capacity of 1000 t.

1n addition e these land-based facilities, MIFCO maintains o [leel of freezer
and collector vessels, In 1998 there were:
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* 10 freezer vessels with a total daily freezing capacity of 146 t and a
storage capacity of 3020 L.

* 9 ice-carrying collector vessels with a total holding capacity of 138 1.

o 10 refrigerated seawater (RSW) collector vessels with a tolal holding
capacity ol'256 1,

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

Maldive fish 200
Salt dried tuna 330
Canned tuna 33%.

1.3. SOCIO-ECONOMIC BACKGROUND

The Maldivian tuna fishery was probably little: chanzed from belore the
time of [bn Battuta's visits in the 14" century, right up until the beginnine
of the 10707, Since then, however. there have been enormous changes in
the fishery. The actual method of catching tunas, i.e. by pole and line using
livebair, has always been extremely efficient. It remains unchanged in the
essentials. although there have been many changes in the details, for
example with the réplacement of bamboo polés by glass fibre onas, the yse
of “Japanese’ hooks, and the use of mechanical instead of hand Sprayers.
Almost everything else refated to the fishery has changed radically, Three
things happened in the early 1970°5 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

o In 1974, the first masdhon was mechanized, Al stroke. the cateh of o
masdhont could be doubled. On top of this. the number of crew
needed to man 4 mechanized masdhoni was less than that needed to
man & sailing one,

¢ During the early 1970s, the traditional Maldive fish export market in St
Lanka collapsed. The Government acted quickly (with foreign
mputs) to identify alternative markets and 1o develop the
infrastructure for collecting and exporting new prodicts (notably
frozen and canned wna. sec section 1.2.7)

Despite the potentinl benefits of mechunizition and these other
developments, the late 1970s saw a significant drop in actual masdboni

I8

1
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. eftort (Fig, 1.5) and a stagnation in catches (Fig. 1.2). The reasons
s included the following,

mm iy were unable to compete with mechanized masdhonis
um ﬁs]-amgT s0 dropped out of the fishery at a faster rate than they
mm[@lﬁmﬂ by mechanized boats,
o The mid- 0 late 1970s saw & rapid expansion of tourism in Maldives.
e .’iﬂﬂ-ﬂ new industry created a large new labour market, émploying
.. many workers who might otherwise have been employed in the
fishery. Whether the tourism industry simply soaked up excess
{4  workers who were being displaced from the fisheries sector by
il mnﬁmwn, or actively drew off workers is a moot point.
e Al the same time, there were some early problems with the
mmmnﬁhﬂﬂmhnﬂ progiam, for exampie with fuel distribution, and with
. engine repair and mainienance, Also, some mechanized masdhanis
. were co-opted at least part time as wansport vessels. As a result
- mechanized mavdhoni effort did not increase as rapidly as it might
~ have done.

b= o LT
‘Because of these problems, the benefits of mechanization in terms of

W dutdl catch wete not seen immediately. Indeed, in not ong of the

_ywalﬂs-‘&a did total tuna catch reach the level set in 1974 (Table 1.1).

. the advantages of having an engine were so great that by
: _'j&fp of mesdhiom lishing effort was made by mechanized vessels,
i mesclfiomiy had effectively been displaced from their traditional wna
_._loln and were relegated to reef fishing and other, non-lishing

:mﬁﬁ This' period of transition, during which the masdhoni fleet

muany aperational problems, |eft many pole and line fishermen
""lmd, as @ result of which trolling enjoyed a brief burst of

m arity (see section 1.2.6).

.
M-ﬂ:ﬂr 1983 were early problems and constraints resolved, and then
measchoni lishing effort and fish catch soared (Tablas 1.1, 1.2, 1.3 and Figs.

I_[ﬁ- 1.3 More recently. however, a new trend has become apparent. The

¢l ﬂ:ﬁlmeﬂhmrzed mascthomis active in fishing, which had increased

ear up until 1993, is now declining (Table 1.4). This is thought to be

tresult of a national shorage of fishermen,

mﬂﬁm&ﬂﬂ of fishermen are recorded in two separate datasets (Table 1.7).
Cupation is recorded in the national census (now taken every five years),
Hluhhm 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. [n 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 us a percentage of the total
population has decreased dramatically aver the last 200 vears. The number of
full time fishermen has also decreased, although the number of men who
work in fisheries part time has inereased.

Shertage 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 voung men are entering the (ishery. The reasons for this include
the low perccived status of fishermen; widespread education in the atolls
(leading 1o increased expectations); increased employment oppartunities 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 ficherv since
fishermen can make a very good living, but many young men would rather
ke unemployed than go fishing,

The lack of fishermen is already leading 1o problems for many boatowners.
who cannot find crew for their masdhonis: It Is because of this constriint
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 10 masterfishermen, Shortage of fishermen is also a
factor in the development of the new class of laree masdhioniy (settion
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 thanit ts for owners of more traditional masdfonis.

Orwiers report that these large boats are capable of landing 400-500 1 of
lum 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 passible toenvisage the national catch
being maintained despite o further halving of the number of full-time
fishermen. It certainly seems likely that the fishery will become more
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| hath in terms of numbers of active boats, and of numbers of
~tive fishing islands. In the past, Maldives could be thought of as a country
ofsome 200 tuna fishing 1slands: already today that is no longer true.
|
Im;g@haugns in the fishery deserve detailed study. In the medium to long-
term, they may have a greater impact on (otal Maldivian tuna catch than any
Wm\. in tuna stock size and availability, Furthermore, the socio-
mit impact of these changes on the island communities is likely 10 be
and and not always beneficial. .

vﬁ;-ﬁffsmﬂﬂmruv

3'1] the fishies, the tunas are among the most supremely ndnpmd to the
i environment. They are thus among the most responsive to its
; An understanding of the changes in the distribution and
-ﬂbur:&unﬂ: of tungs aroumd the Maldives therefore requires an
.m}-mdmg of the vanations in oceanographic conditions in the central
ndian Ocean, For example, tunas are known to be sensitive to variations in
erature and oxyeen content, and to ageregate in the vicinity of thermal
fronts and of seamounts and oceanic islands (Fosberg, 1989; Sharp, 1978,
lﬂﬁ& 1902; Sund, Blackburm and Williams, 1981),

1.4.1. Spatial Variations

“The Maldivian atoll chain stretches nearly 900 km from lhavandhipolhu at
m?‘“ﬂ te Addu at about D°30'S (Fig. 1.1), Oceanographic conditions
“wary along this great length (Anderson, 1992; Woodrofte, 1992) and so too
ﬁﬁ'ﬁ{ﬁ Ahindance of different tuna species. For example, frigate tuna and
i are: most abundant in the north of the Maldives (see sections
'@q&%“}& 5.3.2), while bigeye wna is commonest in the south (Anderson,
E} Anderson (1992; Anderson and Saleem, 1994) suggested that the

oo Channel at about 2°40'N, which separates the central double
‘Hhm atolls from the southern single chain atolls, is an important boundary
wtmn zone for many Maldivian hish species. However, with more

{ available for tunas it appears that for thesc species at least it is
"ﬁﬁ if-l-*li‘l'lnﬂ south (the Veimandhoo Channel at about 2°10'N, between
%ﬂﬂ and Laamu Atolls) that marks an important ecological boundary (see
Seetions 232, 332 and 432) The Veimandhoo Channel marks the
ithern boundary of the central Maldives plateau. Thaa Atoll, although not
D¥iously one of the double chain awlls, 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 abour 1800-2000 m deep. Exactly
how this affects: local oceansgraphic conditions -and tuna abundance is
unknown, However, the atolls noith of the Veimandhoo Channel may
experience greater seasonal upwelling and consequently higher productivity
than the atolls further south.

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

Marth:  North of the Kaashidhoo Channel
Centre: South of Kaashidhoo Channel and north of Veimandhoo Channel
South:  South of the Veimandhoo Channe!

These three latitudinal zones are further subdivided into regional atoll
groups. as Tollows:

Northern region:  Haa Alifi, Haa Dhaalu (plus Sh. for skipjack only)
North=cast region:  Shaviyant, Noono and Lhaviyani Atolls
North-west region:  Raaand Baa Atolls

East-central region:  Kaafu, Vaave and Meemu Atolls plus Mal¢ Island
West-central region Alifu, Faafu, Dhaalu and Thaa Atolls

Southern region: Laamu, G A, G.Dh., Gnavivani and Seenu Atolls

Other spatial variations in tuna: distribution and abundance melude those
associated  with  seamounts. Upwellings associated  with  seamounts
ehcourige productivity (Boehlert, 1987), and so they are often argas thi
support high und regular wna catehes. The two best known sea mounts for
tuna fishing in the Maldives are Derahaa near Laamu Atoll, and Saforafiae
in the One-and-a-Hall’ Degree Channel between Laamu and Gaatu Alifu
Atolls. Maniku (1993) lists known seamounts in Maldivian waters, and
discusses their tuna fisheries potential, The exploitation of these seamount
areas ingreased i the late |970s and early 19805 as a result of
mechanization of the srodboni Neet In the last decade it has moreased
Tutiher ws @ result of increased power of mechanized vessels, and
ientilication ol new sites (such as Aedy Thale in the far south, first located
by docal fishing vessels in the carly 1990s).

More. generally, the whole of the Maldives ridge may act like a giant
seamount or FAD. (oeanic islands are known to increase productivity of
Wie surroumnding waters (Doty. and Ogori, 1936; Wolanski and Hamner,
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d the Maldives there are certainly considerable seasonal pulses
ductivity associated with the seasonally oscillating monsoon

donsoon Seasons

are affected by the seasonal monsoons and their associated
wert and Marsac, 1989: Molinari, Olsen and Reverdin, 1990);

]

. %ﬂ southwest monsoon, the wind blows mainly from the west
southwest. The ocean current is also from the west, and is known
ndian monsoon current (IMC) or southwest monsoon drift.
southwest monsoon lasts from about June to October.
the northeast monsoon, the wind blows mainly from the
st, The current flows 1o the west and is known as the north
al current (NEC), or northeast monsoon drift. Off the west
India there is a strong northward surface flow, and the
e of this is felt off the northern Maldives, parlicularly in
. The northeast monsoon season lasts from about December

ie intermonsoon months of May and November, winds and
rents change:

uth of the Maldives, near the equator, the weather (Stoddart,
rrent regime are different from the rest of the country:

the southwest monscon, a band of cyclonic eddies develops
' (he equator between the castward flowing IMC and the
vard flowing south equatorial current (SEC) further south.

he northeast monsaon, the castward flowing south equatorial
gatnter current {(ECC) develops south of the equator. A convergence
~ zone develaps along or just south of the equator between the ECC
~und westward Nowing NEC further north.

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

¢lor the Maldives expased to the monsoon (ie: the western side
e southwest monsoon and the eastern side during the northeast
receives clear oceanic waters from offshore. In contrast, on the
or lee side af the Maldives the water iz fir from ¢lear. Tidal
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mixing, upwelling and sediment stirring all bring nutrients into the surface
waters, which leads 1o & plankton bloom on the lee side.

This effect is presumably enhanced in the central Maldives by the presence
of the double arall chain, hence annual praductivity may be higher than in
the southern Maldives, where the atoll chain is single, Itshould be nots(
that there has nat been no peeanographic study of this phenomenon,
although i s presumably o Jocal monifestation of the well known
‘obstruction. effect” or “island mass. effect’ (Doty and Opuri. 1956),
Furthermore, the seasonal variation in productivity s well known to local
fishermen-and divers.

Pelugie lishes move seusenally from side to side of the Maldives in order 1o
take ndvantage of the conditions that suit them best. Plankton-feeding fish
such as munte ravs, and among tunas the [rigate tung (section 4.6), arc
tound ‘on the downstream side, In contrast, oceanic fish such'as juvenile
yellowhin una (section 3.6) are brought to the exposed side. These fish on
the exposed side rend to be concentrated under floating ohjects (known
lovally as oiveradi) und along oeean slicks (asdhendi), Fishermen report that
dvethend! only oceur on the exposed side of the Maldives, thar they see only
oe o Few per season and tha they move relatively slowly, The nature of
covefficanctly is ot kpown: this is an areg that needs further investigation.

Sen surface temperatires (S8T) around the Maldives vary sensonnlly, but
nol by mieh (Fig. |7). The average annual 88T (as redorded by Advanced
Very High Resolution Radiometry. AVHRR, satellite) is 29.0°C. Buring the
setond half of the northeast monsoon season, winds ore light und the sky is
elear. leading to stratification of the water column and warming of the
surfoee waters. SST rises 1o an average of 29.9°%C during March-May,
although temperatures of up to 2°9C higher may be experienced At times. At
the start of the southwest monsoon, when winds are strong, there is mixing
of the surface lavers. and 88T drops, Temperature is fowest during the first

halt of the southwest monsoen, averaging 27.6°C i July and August. |

Temperatures rise very slighily towards the end of the southwest monsoon.
but drop again in December with the onset of the nartheast monsoon. These
trends are more pronounced in the north of Maldives (where avernge anmual
SET mange isoabout 2.3%C) than in the south (where the annual range 1
about 1.4°C),

Maldivian Ashermen use a traditional calendar in which the vear is divided
into 27 periods, or mekwdy (Table 1.9), based on the constellations, The

24

ar is widely used by both fishermen and farmers (Maniku,
berfain and Jauhary, 1998). The southwest monsoon season

aopsin) traditionally starts on 8 April and is divided into 18

e northeast monsoon season (irval moosun) traditionally starts

her-and is divided into 9 nakaiy. Since 1980, 10 December
been marked as ‘Fishermen's Day' in the Maldives.

Vifio-Southern Oscillation

| 10 seasonal and local effects, Maldivian waters and tunas are
d by El Nifio-Southern Oscillation (ENSO) events, which occur
r intervals every few years, El Nifo is a periedic southward

rm tropical water into the nommally cold waters off the coaust
 pastern Pacific Ocean, It is particulacly well known because
us effects on the Peruvian snchovy fishery. This phenomenon
poenized for well over one hundred years, and for most of thal
bt Lo be of local interest only. However, more recent events
hat F1 Nifto is but one particularly severe manifestation of a
hift in atmospheric and oceanographic conditions, A shift in the
pressure gradient across the Indian and Pacific Oceans, known

ern Oscillation, is a key factor in the development of an El

{severe)
{weak)

[very severe)
(medium)
(weak)

(very severe)

{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 10 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 Dq:eén, ENSO events
have been shown to be linked with:

* Reduced rainfall during the summer (southwest) monsoon in India
which in tum affects rice production and in earlier times could bring
tamine (Bhalme, Mooley and Jadhov, 1983 Gadgil, 1995),

* Reduced rainfall in Indonesia (leading to devastating forest fires during
recent events), and increased rainfall in cast Africa (leading 1o
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 (Cader, 1985; Tourre and White, 1997). Increased sea
surface temperatures have led 1o bleaching of corals on Maldivian
reefs during sonie recent events. The reduction of winds may reduce
surfice mixing and affect seasonal upwellings, and hence reduce
primary productivity in some arcas,

* Increased yellowfin tuna catches by purse seiners in the westérn Indian
Oeean (Hallier and Marsac, 1990; Marsac, 1992),

Maldivian tuna caiches 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 1o be reduced
fiunng ENSO events. while those of the other main tuna species lend 1o
increase.

During La Nifa years, in peneral terms, climate anomalies are reversed.
This is seen too in the Maldives, with skipjack cateh rutes tending 1o
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, Encrasicholing beteraloba) as livebait in the
tuna fshery is most frequent during the intermonsoon periods. However,
unusually high wilization 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 Nifia event.
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adal Scale Variations

(dlecadal) time scales, eyclical shifts occur in the oceanographic
ne with associated shifts in biological productivity and species
p. Examples of such cyelical changes include the Russell eycle
slish Channel (Russell, 1973), and the Neorth Pacific Oscillation
ot al.. 1994: Trenberth and Hurrell, 1994). The laiter has been
d, among other things, a profound impact on north Pacific
catches (Au and Cayan, 1998 )

ndian Ocean is the least well known of the major oceans; and there

been no studies of decadal scale oceanographic cyeles.
divian mma catches do show signs of being affected on such
derson, 1993 & [997; Hafiz and Anderson, 1994, MRS, 1996).
Aime scales, as with ENSO related variations, skipjack catches
 up when vellowfin catches go down. The ratio of skipjack to
tch is therefore one measure of this variation (Fig. 1.6). The
of these two major species during different. periods may be
ed as follows:

12 high skipjack and Jow vellowfin abundance
low skipjack and high yellowfin abundance
izh skipjack and low yellowfin abundance
low skipjack and high yellowfin abundance

periods correspond rather clesély o the periodicity of the
ons in the North Pacitic. A major climate shift in the North
ecl in abowt 1976 and lasted about 12 vears, ending in about
I ing et ol 1994; Trenberth and Hurrell, 1994), The Maldivian
a sugeest a climate shift in‘the central Indian Ocean starting in
1973, lasting about 12 yeurs and ending in about 19835, The lag of 3
belween the presumed event in the Indian Ocean and that observed in
Oecean supgests that these: decadal:scale events may be
from the Indian Occan w the Pacific Occan and nol vice versa.
nt, however, this is just speculation.

sraphic changes that promote these decadal scale variations in
nee in Maldivian waters are not vet known. At present our
ding of ‘normal’ oceanographic conditions in the central Indian
let alone variations from the norm, is limited, Trying to understand
population dynamies without an understanding of oceanographic
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variability is impossible. There is therefore an urgent need to increase
knowledgze of the oceanography of Maldivian and adjacent waters.

1.5. FISHERY STATISTICS

151, Catch and Effort Data

The analyses of twna 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 Ecenomic 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 systerm 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 varicties of fish (i.c. non-tunas, collectively referred 1o as
‘reet fish’ ) are not recorded reliably.

Tuna catch and cffort data are recarded for each fishing boat on cach fishing
island. Some data have been collecled sinece 1959, bur catrch by the full
range of tuna species has only been recorded since 1970. Tuna catch is
recorded in numbers, in 3 total enumération 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 masdhont and vadhu
dhani effort recorded separately. Mechanization of the masdhoni fleet
started in 1974, but mechanized and sailing mesdhon 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
Malé. 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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system has been reviewed by Rasheed and Latheefa (1994),
§ Rasheed (1995) and Anderson and Hafiz (1996). The system is
ve a good estimation of both catch and effort lor tunas,
there are a number of problems with the system, the two major

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

e catch conversion factors. Tuna catches are TEpCIl:IGIj n
ers, und have to be converted to weights using some form of
version factor. The conversion factors in use are 'l'-"ldlEI}I
snized as inadequate. New conversion factors, taking into
seasonal and regional variations in average weights, have
) estimated by Scholz, Anderson and Waheed (1997).

rt data, the diversification of fisheries over the last 20 years
on and Shakeel. 1998) will have had some impact on the
wina effort data, since an unknown proportion of fishing effort
will have been directed 1o non-tuna species. This may not bea
y serious problem since non-tuna fishing trips appear 1o he
“underreported. Nevertheless, this is an issue that requires further

; |ﬁﬁ‘l‘]

on. & review of the data prior to the commencement of this stdy
a number of specific problems. First, data from the years 1984-88
appeat to contain numerous serious compilation errors; these data
recompiled, Secondly, data from other years have some minor
ich appear to be mainly transcription mistakes; these data need to
ecked. Despite these problems, the long time series of catch and
‘data (in which such errors as there are are repeated more or less
stently year after year) is of immense value for studying the dynamics
y and the wna resources that it exploits.

1. Cateh Per Unit Effort (CPUE)
! uatch by itself is not a good measure of wna abundance, It does not

ount of the amount of fishing being carried oul. Some measure of
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
i equivalent to numbers of days fished.

For the Maldivian pole and line fishery there are particular prablems 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 aver for tung
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. Ahematively, when bait is plentiful but tuna are
scarce, fishermen may go tuna fishing for a few davs in a row with
the same bait.

¢ Changes in the pattern of baitfishing. In recent years fishermen have
adopted many mew bait catching and holding practives, which have
increased catch rates and decrcased holding mortality (Anderson,
1997a), As a result, tuna catch per unit of livebait caught may have
changed. [n the southernmost atolls, a recent trend towards fishing at
night for livebait with lights (Anderson, 1997b) is likely 1o have had
a marked effect on CPLUE.

& lncrease 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 effectivelv complete, with 99% of
the tuna catch by masdhonis being landed by mechanized masdhonis
in 1984, Tuna catch rates by mechanized and suiling 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
scctions 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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asing horsepower of engines: increasing use “_F radios 1o
uﬁm hetween boats; and increasing use of binoculars to

o schools (Hafiz and Anderson, 1994; Hassan, 1995), Over the

-3 years this trend has accelerated rapidly with !.he creation of
is essentinlly a new class of large masdhoni (section 1.2.3).

nent of: fish apzregating devices (FADs). The Ministry of
es and Agriculture (MOFA) has a successful FAD
nent programme, which was initiated in 1981 (Peters, 1982,
| |688: Nacem and Latheefa, 1994). A design suitable for
d ,,-.ﬁij conditions has been evolved, and by the mid-l'}?{]szjz
around the Maldives had been identified as appropriate
ions for FADs, taking into account hottom topography,
imity of fishing islands, and local tuna abundance. MOFA
d 1o maintain FADs at all of these sites, with 28-30 FADs m
» at any one time. By 1998, MOFA had increased its target to 42
. with 38 FADs in place al any one time (Ali Naeem, pers.
., October 1998). The presence of FADs within teach of most
ne islands is likely to have had a profound effect on tuna CPUE,

Varintions in the abundance of seabirds. Maldivian fishermen use
~ seabirds as indicators of the presence of tuna schools (Shafecg, 1993,
"~ Anderson, 1996). Semsonal and interannual changes in seabird
{mce are assomed to affect fishermen's Bl:?lh!}'_ to find fish,
~ although this has not been quantified. Recent declines in m_lmbm of
[ " some seabird species around Maldives (as a result 1u|‘ h“m,m
f N ace vities) are believed by some fishermen to be a factor in reducing
" funa catch rates (Anderson, 1996).

assible exception of the change in fishing power associated with
m i: 15 dT?ﬁcuit or impossible to quantify the effects of these
on wma catch rates. Furthermore, it should be recognized th?t
ian CPUE data, even if corrected for all the variables noted above, 1S
ey an mdex of funa abundance. It is rather a measure of both
and carchability (a measure of the availability of fish to capture).

sblems are introduced here in order to demonstrate that tuna catch
day is a far from perfect measure of tuna abundance. Nevertheless,
%--ﬂinly measure available, and since some of the biases assncmte:i
h it may either cancel out, or be consistently repeated year after year, Iths
ed 1o give a reasonable index of tuna abundance. Certainly. the
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consistency with which patterns of seasonal, regional and inter-annua|
changes in catch rates show up in the dota 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, masdhioni CPUE remains the
maost useful index available. In order to make best use of these maschon
data, it is necessary to standardize CPUE to take account of hoth the effects
of mechanization, and the subsequent increase in [fishing power of
mechanized vessels.

A comparison of sailing and mechanized masdhanis operating in the same
area (Raa and Baa Atolls) at the same time durmg the period of transition
{(1976) showed that cateh rates by mechanized masdhoniy 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 masdhanis during the
period immediately after sepurate data became available, i.e. 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).
Onee 25-35% of the masdhani Neet ina given area was mechanized, the
remaining non-mechanized masdhonis stopped tuna fishing (Anon, 1985:
57). By 1985, less than 1% of the national tuna catch was made by sailing
masdhonis (Table 13). For the purposes of this study, it is therefore
assuméed that:

o sailing masdhonis caught half as much tuna per day as mechanized
mesdionis did (or would have done) during the period 1970-1978 (as
a direct resulr of mechanization);

o effective effort by the sailing masdhonis decreased regularly (ie. by
12.5% per year) during the period 1978-84 (as sailing masdfronis
were displaced from the tuna fishery),

o sailing masdhoni effort after 1984 was not directed towards tunas and is
therefore ignored in calculating tuna CPUE  (because sailing
maxdhionis were effectively excluded from the tuna fishery).
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T ine power of mechanized masdhonis, it is widely
Wﬁgﬁgmu ;ﬁ:n: :-?wer has increased over the last 10-12 years
§ Anderson, 1994). However, there has been little uttempt to
. increase. Engine size and vessel It?ngth data for of all ﬁshmg
are maintained by the  Ministry of Transport an
ne Hassan (1995) compiled available engine data for the
_and wsed these data in an attempt fo correct for increasing
- mechanized masdhonis. However, there are a number of
the interpretation of Hassan’s (1993) data and results,
ore ine size is only one component of _ﬁ§h1ng power. In the
,ﬂur#ta. and only for our purposes here, 1L15 assumed that

od masdhoni fishing power Has increased by 1% per year since

masith + data (based on these assumptions) are
able | g" ?ﬁ;ﬁ;mdinrdi{;d data are used in all the following
dhoni CPUE (sections 2, 3, 4 and §). It should be noted tlhal
d expansion of the new class of large masdhonis ISM:IJ?EH
il have a profound impact on masdhont fishing power and CPUE.
lopment needs to be properly monitored am‘_l. taken account uf.m
1t should also be noted that the standardised effort time :f_um-.s.
(Table 1.5) differs from that presented by Hassan {1995: 4.IJ.
. there are major differences in the estimation of :ffect:ve

yami effort in the years 1970-75 and 1977-87, and in the
‘of mechanized vadhu dhoni data by Hassan (1995). These
point to the difficulties in standardizing masdhom fishing effort,
ed for further, careful research.

roduction Models

- : 1) models are simple fisheries models that -make
[ {:ﬂrr;suxgt_u:ﬂ::; ailud effort data to estimate maximum su:stama‘ble
8Y) or optimum levels of fishing effort. Since there is a time
f catch and effort data available from the Maldivian tuna fishery, :
-&;ﬁmdllctiun modelling aitempts have been made {Andm‘;qn an
985a; Sathiendrakumar and Tiedell, 1987, Hassan, 1.99. ). The
production models (Schaefer, 1954; Fox, 1970) fail to give
| results from Maldivian tuna fishery data, mainly because the
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 Hafi
1985a & 1985d; Sathiendrakumar and Tisdell, 1987; Hassan, 1995
Therefore, while catch-effort relationships are used here to give some
insights into the dynamics of the fishery (sections 2.3, 3.3, 4.3 and 5.3), ng
atrempts are made at production model analysis,

Research Section has carried out two major tuna tagging

both concentrating on skipjack and vellowfin. The first was

14 1990 (Yesaki and Waheed, 1991 & 1992; Waheed and

j, and the second during 1993-95 (Waheed and Anderson,

Soreon. Adam and Waheed, 1996). A total of over 17.700 skipjack
fin tunas were tageed and released during the two programmes.
the end of August 1997 amounted to 2144 skipjack and

"ot 12.1% of releases (Table 1.10). Release and recapture data are
h MRS and 10TC.

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 3
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 & 53 1),
Sathiendrakumar and Tisdell (1987) further developed their analysis to
estimate costs and revenues for the tuna fishery. However, a number of their
original assumptions arc 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

1. Recorded catches (metric tonnes) of tunas in the Maldives by

)-97. )
Eeongmic Planning and Coordination Seetion. :
:'hdﬁd data for 199507 may be subject to revision. 1997 daw excludes 3590

it in the BEZ fishery

Yellowfin Frigaie Kawakawn  Dpgtooth Tonal

i 4 ; 33340
masdhonis which range widely for bait, tuna and markets, Such behaviour :ggg ig::':' ﬁ ',:;: 33424
will have a profound impact on this type of economic analysis (Campbell 1076 1186 508 nio 23,829
and Lindner. 1989). 5 4TS 5,626 1,088 nia 32,384
4,128 1,006 830 ma ;; Il{z:

7 415 ni !
1.5.2. Length Frequency Data 1;;‘: ';'?.;., s e 28643
44T 3080 027 nia 20822
Tuna length frequency data are collected by MRS. Data from Malé market 3684 1661 768 nfa 19,837
have been collected by MRS staff on a regular basis since 1985, Data from 4280 1701 2 gl
other locations were collected on an ad hoc basis between 1983 and 1993 e T P v 28781
In late 1993 a systematic regional length frequency sampling programme 4005 2 061 1,887 nn 23,334
was initiated. Pole and line catches were sampled in 7 fishing islands 6,241 3540 2,087 i 31,569
(representative of all regions) plus Malé. Since 1996, that programme has T T T
been cut back (o cover 3 fishing islands plus Malé. Data are compiled BRie- e o 36 Sast
annually, Details of sampling activities are given by Anderson Adam and 6.668 1921 1212 105 52,037
Nadheeh (1996), Scholz, Anderson and Waheed (1997) and MRS (1997). 5535 1.620 1237 B 8,051
During 1996-97, the entire MRS length frequency database was reviewed: 6,082 2146 1322 i 67,803
ki , : A 5,279 3,013 1,891 281 70,363
all data (roughly one million records) were checked against original dats 7711 2542 1,677 234 71,102
sheets; corrections were made; nnd new were data entered and checked. ; 8697 3,349 2451 337 13480
Hard copies of the revised data set are maintained at MRS and EPCS (MRS, 58740 10110 5,456 3360 628 78,503
19973, ! 13,136 4019 2,656 387 89,599
0,372 12,504 3,938 2,604 439 89947
6, 02 12,440 6,485 3,789 624 49,840
69,015 13,029 2488 2,088 a0  §7,110
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Table 1.2. Recorded catches (1) of tunas and other fish species in the
Maldives, 1970-97.

Sourees: Anderson (1088) MOFA/EPCS.

Notes: Numbers may net add up exactly due 1o uumﬁnm'tbmls for the years 198487 diffy

S,

el |aneoys catches are includad in the amnuil etals,

d catches by major vessel type in the Maldives, 1970-97.

Hrom those published in “Basie Fisheries Swtistles' beciuse cutch estimates for doztogth tyn, Total PAL Trolling: Total
have been revised s a result of changed average weight cotimutes (Hudiz und Anderson, 1988 e
1967 duta exclude 3390 Lvellowiin caught in the EEZ fishery. 31,884 1,456 33,340
32350 1,074 33424
. — — 12,831 g 23,829
Year Tuna Other fish Total fish  Percentage tuna 31,000 1,375 32,384
1970 33340 2472 15812 3% ilz.ﬁg "ggf} g }ﬁ
1972 21830 1,790 25618 93% g Lao1 '
1673 32,384 389 34,173 5% 18351 485 19,836
1574 g L | ‘E,'EEH! g 35070 D% 13 o) -!‘;;.;5'5 24847
1975 23,104 LT 24,941 93% zsbm 1:1 a1 300448
197 26643 2,730, 31374 9% 3oEaR 3143 “:m
1uT 22822 3403 2B 87% e 1:696' 2383
|9TR 19,837 5579 25414 T8%% "'JlﬁS‘J 1812 31 559‘
1979 24,847 3040 17,887 BE%, 12367 1’608 44367
1980 30448 4242 34,690 88% . P o
1681 38,781 5,500 34321 34% 52487 1262 3751
1154 23,83 fi.f56 J048% T 50,634 1402 SILWHJ
1983 31,567 6,540 38,559 2% P o 68,051
1984 44367 10,960 §5.317 80% BE0A7 T 87,402
1985 33,851 8,197 62,048 87% PGS o 70363
1986 $3,731 5,620 59371 91% . 2024 76301 ot i
1087 53037 5,006 57.043 814 24 72442 72,643 b e
1988 ﬁs.cil 3432 71483 9564 : 7336 77514 54 26503
1959 67403 EREE 71247 9555 87,750 1432 £9 600
199 10363 i ki 34 . 49119 88,285 1633 89,921
1ug| 71,102 9612 #0713 3% i 88 237 8 128 | AR 20 838
102 73,451 8384 £2,035 9% : s AL TR 142e %7100
hak 78503 114348 89,041 87% : ' ! j
1504 4500 14,440 104, (46 46
1665 £9,047 14.619 104,566 K%
19096 R4, 840 15,574 105413 5%
1997 R7.010 I REE] 101,768 et
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Tabie 1.4. Numbers of fishing vessels registered in the Maldives, 1970-97,

s of active fishing vessels operating in the Maldives,

Year Sailing P/L Mech PIL Teval P/L Trolling Total
1970 1929 - 1929 2789 4718
1971 2011 = 2011 28098 4909
1972 2089 - 2089 2086 5075
1973 1146 - 2148 01z 5158
1974 213 | 2132 3056 S188
1975 2040 42 2082 3154 5236
1976 194() 218 2158 3284 5442
1977 1801 413 2214 3385 5599
1978 1631 548 2179 3300 5560
1979 1485 767 2252 3386 5638
1980 1253 805 2060 3416 5476
1981 1061 970 2031 3364 5395
1982 us3 1166 2118 3428 5546
1983 811 1231 2042 3448 5490
1984 651 1296 1947 anz| 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
1902 a5 1783 2007 2324 4423
1953 232 1647 1889 1985 3874
1964 262 1839 210 2351 4452
1995 183 1994 2177 2144 4321
1996 (k] 1971 2150 2303 4453
1997 170 1971 2141 2246 4387

nd line (Masdhonis) Trolling (Vadiu dhonis) Total
~ Mesh Towml ~ Suilmg  Mech Toal
988 1031 NA NA 963 1994
1009 1041 NA NA 753 1794
1044 1065 NA NA 655 1720
1066 112 NA NA 505 1817
114 1128 398 i A8 1542
1151 1162 136, 733 1508
1252 1238 340 2 3% 1610
1347 1385 255 15 210 1658
1434 1449 274 25 299 1748
1410 1452 241 g3 34 1776
1407 1412 209 48 257 1669
1395 1401 166 59 225 1626
1328 1337 139 10z 241 1578
EL




Table 1.6. Annual fishing effort (no. boat days) by vessel type, 1970-97,
Sturce: MOFAJEPCS.
Nate: Pole and line effont standardized according to procedures outlined in seetion 15,12

s of Maldivian fishermen, 1970-97.
and Mimistry of Planning Human Resources and Environment census.

.Nu,F‘m Totalpop | % Fishers % Fishers

Year Sail ML Mech WL Total PL - Standard PAL Teolling {Census deta) {Census) (MOFA)  (Census)
1470 191,421 - 191,421 B5TIL 14482 NA 114,469 149 NA
1971 169237 - 169,237 BA619  ATATE MNA 118,818 152 NA
1972 158,544 - 158.544 79,272 76,136 NA 122,673 151 NA
1973 215274 - 245278 107,639 0461 - /
1974 203362 - 203362 101,681 93,504 NA 128,697 150 NA
1975 171,808 4200 176,008 40,104 S0, Lo '
1976 153,539 21,800 175339 98,570 135031 g
1977 [04,043 41,300 146,243 uRITE  I5TR40 19,385 142,832 151 13.6
19748 33,719 54 800 108539 78311 19A.878
1979 24,615 74,904 99519 #4135 132003
1980 16,877 §3,134 T BEA08 136934
1981 | 3,852 §3.731 97,583 A7.154 130,362
1982 10,0136 97,085 107,121 OB96T 132342
1983 6339 17172 123511 117,964 1184639
1984 8320/ 153 460 158,680 153849 108314
1945 4,681 162,430 167,111 164,054 110,061 12,434 180,084 10.9 69
1985 3.354 161910 165,264 165,148 78,139
1987 2358 158,785 161140 163,549 69,380
1984 1243 | 84,353 185,565 191,727 SLA60
198 ull 183,044 184,855 193,141 30,725
1499i) 1,317 193,045 184,362 204,628 37,933 11,498 213,213 101 54
1l 424 198,320 198,744 212,20 35814
1992 3602 204,808 208410 21,193 28137
1603 1,087 202548 223 /105 242,577 34,307
1994 1138 223,095 224,233 245405 31,687 : :
1995 n23 240,858 241 481 267352 30,826 NA 244 644 8o NA
1944 T3l 239787 240,518 268,561 30,437
1uy7 580 137661 238.24/ 268,557 32,106
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Table 1.8. Exports of wnas and tuna products from the Maldives  (tonnes), The nakaiy (Maldivian calendar)

1970-97.

Source! Customs data compiled by MOFA, data for 1970-78 fipm GOPA (1980) _ Northeast monsoon scasan
Nate: Weights are actual weighis not live weighis. Nakaty Starting date
Micla 10 December
A > aT s = . ) Furakula 23 December
Vew  Fozen  Chilled  Smokcdried  Saltdnod  Camed  Fisnmg ! 2
1974 - - 4,740 - ﬁm Hivan. 19 January
1971 - - 5,349 2 e Dhinasha 1 February
1972 2020 = 3,815 = 17 June Hipaviha 14 Fehruary
1973 4447 - 3.09% - 1 luly Furapadhurva 27 February
1974 4484 - 3,848 - e 0y Asbadhurva 12 Murch
1975 5,763 - 1561 - 30 uly Reyor- 26 March
1974 B728 pes 1,607 s 11 August
1977 10,941 & 9001 25 24 Augest
1978 11,349 - 251 2 2 September
1979 12,634 - 7 4 21 September
198} 13,791 - 12 975 N/A 1§ Catber
1982 9,789 - 47 897 18 1 Movember
1983 7453 . 245 778 43 14 Nichismher
1984 13,79 “ 398 838 H13 27 November
1985 17,091 = 796 1814 m i
1986 17.799 - 1318 1321 45
1987 13,671 -~ 1218 2837 1919
198 19,710 - 1218 428 2,740 o and rem:pturea of skipjack and yellowfin tunas during
1989 19,689 - 1,987 1,229 5,535 mes in m Maldives.
1990 17.056 i 2418 2,084 6,931 1.9 1
1991 10,085 e 3285 2208 7,188 _ ; :
1952 5540 .- 31%93’ 1323 T4TE tures up to end October 1998
1993 9,869 - 3578 1,657 4877
1994 7439 14 4,102 2394 6,849 Tlﬂ'ﬂﬂ Programme
1995 3011 17 3,888 1909 7,781 1993-95 Tonal
1996 13,071 1378 4,038 1,612 7,163
1957 13,280 2,968 3,868 1483 6,426
- ' - L 8,033 6474 14,507
1,508 1303 3,211
9941 Byl 17,718
1426 560 1,984
:ﬁ 18 160
1559 585 214
. % F% 13.7%
o 9% 49%
43
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Fig. 1.2 Annual catches of tuna by major spacias
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spegies in the Maldives, SkI‘P]ﬂ'Ek funa contributed an

o the toral tna catch and 68% Lo the total recorded fish
e period 1970-1997 (Tables 1.1 and 1.2). Annual catches of
94-97 averaged about 69,000 1, which was 77% of tatal tuna
em;hm are made almost ex;lusmel}‘ by livebait pr:«lt and

_skipjack fishery wag recently reviewed by Adam and
6b). Results of two tagging studics are regurlud by Yesaki
(19'9‘2), Bertignac, Kleiber and Waheed (1994), Bertignac
Stéquert and Anderson (1996) and Anderson, Adam and
Other studies include those of Hafiz (1985 & 1986),
aheed (1990), Rochepeau and Hafiz (1990) and Hafiz and

inmes of Skipjack Tuna

es of such importance, skipjack tuna has a host of names in
diyian Ianguage It is usually referred o as kalfubilamas,
hreviated 1o just mas. Mas also refers to fish in general, but
skipjack the implication is that this is not just any fish, but
5 significance is explicitly stated in the name asli mas Lwhlch
ginal or real fish, i.c. the genuine article), Skipjack tuna’s
o reflected in the name randhimas, which means golden or

Hamm is sometimes used for rare skipjack tunas that do not
s, However, some fishermen say that this is the real name
-1' 5: for superstitious reasons this name should not be spoken
ﬁ"ﬁm so kathubilamas is used instead. These names are
pn.cim ones which have been in use in one form or another for

en Ibn Battuta visited the Maldives in the 1340s, he noted that
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 kulbalm g

(transliteration of Gray, 1889) or guib-al-mds (Gibb, 1929),

Skipjack’s belly stripes are referred to specifically in the namg,
Jasrongumas (five-stripe fish) and rongudhemimas (striped fish). More
generally, skipjack is often referred to as kandumas (ocean fish, or tuna, g
generic name that applies to all the major twna 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 rg
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 distinet category. However,
fishermen call them fufalamas (thick rearbase skipjack) or just faiamas
{stout skipjackj in the north of the country, boadhigumas (long head
skipjack) in the south, and dhiboamas (an abbreviation of !mcadh:gumm 1in
the centre.

2.2, CATCHES AND CATCH TRENDS

2.2.1. Catches and Cateh Trends

Maldivian skipjack tuna caiches by vessel type for the vears 1970-1997 are
presented in Table 2.1 and Fig. 2.1, Total recorded skipjack catches varied
irregularly without any obvious trend until the arly 1980s. Then from 1942
to 1988 annual skipjack catches soared from 15,900 t to 58,600 1, an
increase of 270%. From 1988 to 1993, however, annual catches remained
more or less constant at about 59,000 1, Then catches jumped again, 1o 4
mew plateau of nearly 70.000 t per vear in 1994-97, '

The percentage contribution to annual skipjsck catch by major vessel type is
iHustrated in Fig. 2.2, Pole and line muasdhonis are clearly the most
important vessel class for skipjack tuna in the Maldives. Prior to 1974 the
mayehoni fleet was entirely sail-powered. Mechanization started in 1974
and sailing vessels were rapidly replaced. In 1977, skipjack catch by
mechanized masdhomy 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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of the fishing vessels, but it did not bring an immediate increase
ches (section 1.3).

erease in sl-:lmack catch berween 1982 and 1988 is pantly
to a#n increase in effective fishing effort, The number of
pole and line vessels increased during this period by 34%, from
8 (Table 1.3). More importantly the number of days fished,
: more useful index of fishing effort, increascd steadily from
n 1982 to 185,00 days in 1988, a jump of 73% (Table 1.6;
n increase in the fishing power of pole and line vessels, over and

attributable to mechanisation, may also have been significant

‘period (section 1.5.1.1),

¢ increase in skipjack catches durmg 1982-88 cannot be
'hzrﬂases in fishing effort and fishing power alone. While
ﬁshmg effort might have increased by something of the order of

1.6), skipjack catches increased by about 270% (Table 2:1).
hat there was a substantial increase in availability of skipjack
es during this perfod, presumably related to changes in
conditions (section 2.4},

‘there was continued increase of fishing power and effort (by
!?I 700 standardized mechanized masdhoni days in 1988 to
) days in 1993). In contrast, skipjack catches remained roughly
at about 59,000t per vear. The stagnation of catches during this
ieved to be a result of a decrease in skipjack availability around
(section 2.4). In 1994-95 skipjack catches jumped again o a
vel of about 70,000t. The reasons for this second jump in
‘clear. It has been reported that this was partly the result ol a
in the system of compiling catch statistics (Anderson and Hafiz,
. -tHi'a may not be the case (Hassan Rasheed, EPCS, pers. comm.,

v of Catch Estimates

: pr{?aiam relating to the accuracy of Maldivian tuna fishery
are discussed in Section 1.5, For skipjack tuma, statistical
are of special significance since this species makes up roughly
the total recorded fish catch. There are three major problems
jack {Anderson, 1986; Parry and Rasheed, 1995; Anderson and
[996: Anderson et al.. 1996; Scholz et al., 1997);

49




» the use of inadequate average weight conversion factors,
« misreporting of size categories;
s underreporting of catches.

Skipjack in the Maldives are traditionally recorded either as large (godkaa)
or small skipjack (mas). There is some overlap in these two sizes classes
(Fig: 2.3), but the cut-off pmm is about 55-60 cm FL (which corresponds 1
about 4kg). Two conversion factors are therefore used for skipjack. Since
1959 four puirs 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 wag
initiated by MRS in 1993-4 (Anderson et al., 1996, Schelz et al, 1997),
‘During 1994-96 a total of over 420,000 skipjack tunas were measured from
pole and line calches, at cight locations. A new series of regional ungd
seasonal conversion factors for both large and small skipjack have been
estimated (Scholz et al., 1997). These revised conversion factars (Table 2.2
have not yet been adopted by EPCS/MOFA. For small skipjack tuna the ol
conversion factors (1.963-2.12 ke/fish) are well with the range of the new
conversion factors (mostly within the range 1.8-22 keifish). For lurge
skipjack tuna, the old conversion factors (3.7-7 keg/fish) are nearly all higher
than the new conversion factors (mostly within the range 4.6-5.8kge/fish)
The reason(s) for this discrepancy are not known, it may be due o
inadequate sampling in the past, or 1o a recent decrease in the average size
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
eategories. In particular, the traditional classification of large and small
skipjack has become sopmewhat blurred since the government started buying
fresh tuna in the 1970s. In recent years this has amounted to 19-34% of the
skipjack caich (Table 2.4), in other words a substantial proportion of the
total, The agencies responsible for buying tunas (currently MIFCQ) have
classified skipjack, for most part, into small (1.5-2 kg) and large (above 2
kg). These categories are significantly different from the traditional size
categories, for which there is a dividing line of about 4 kg. It is believed thal
some fishermen who sold their catch either to the Felivaru tuna cannery or
to the collector/freczer vessels, reported their daily catches according Lo the
details on the sales receipl. As a result, there appears to have been an
increase in the proportion of 'large skipjack’ being reported 10 MOFA, and
a conseguent overestimation of total skipjack eatch. Parry and Rasheed
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ed that there was indeed an increase in the proportion of large
ted to MOFA from two atolls with major fresh |una
jvities (Lhavivani and Gaafu Dhaalu Atolls). Because of this
must be exercised in the interpretation of skipjack size
3. Jor cxampie. it may not be possible to distinguish between
"{uqmase in large skipjack catch and a real one, caused for
ing fishing pattems or oceanographic variability.

. ‘artificial’ increase in large skipjack may tend to mask
skipjuck catch resulting from overfishing. Based on the
large skipjack in mechanized pole and line vessel cutches
15!3‘35, Rochepeau and Hafiz (1992) estimated that rofal
ma,}' have been overesiimated by about 6-11% in 1984-88.
imate fmled to take ancuunt of ﬂrthcr mlmpumng of size

n that of other tuna species, because of the great importance
,ﬁ.]iuaﬂk in the Maldives. There may-even have been some
of skipjack catches: from the mid-1950s to (981 the
gave prizes to top crews and islands in order to encourage
and this might have encouraged inflated catch reports
1 86). Nevertheless, some underreporting of sklp}uclt ratches
ceurred at all umes, and, along with other species, this may
¢ more prevalent in recent years, In an attempt to estimate the
freported calches, Parry and Rasheed (1995) matched over 1000
irip records in the MOFA database with MIFCO colleclor
records for the period January-June 1994, They estimaied
catches were underestimated by about 5%, as a direct result of

e

here has been both overestimation (due to confusion over
categories. and possible earlier overestimation of the average
ree skipjack) and underestimation (due to underreporting) of
catches. To some extent these biases may tend to cancel out, and 1t
le that skipjack catch estimates may be accurate to within
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-about half after 1970-71. This decline cannot be explained by any known

‘oceanographic conditions (section 2.4).

changes in fishing activity within the region have introduced other possible

2.3. CATCH PER UNIT EFFORT TRENDS | local comipetition among masdhonis in the limited range
¢ of the Maldives.
2.3.1. National trends
cond point, Maldives has the highest skipjack carch per
World (Fontenean, 1997a: Fig. 6 & 1997b Fig. 5.8).
‘and line fishing effort Is at an all-time high (Table 1.6). It
that there may be some negative interactions hetween
such high levels of catch and effort, as indeed is predicted in
inction made] of ‘Sathiendrakumar and Tisdell (1987).
aflable data show no evidence of any such interdction so
leveling off of catch at high levels of fishing effort (Fig.
any decrease in catch rate at high levels of catch (Fig: 2.6).

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 lin,
CPUE. Actual pole and line catch rates for skipjack declined from a high o
about 150 kg/day in 1970-71 1o an average of only 100 ke/day in 1972-77
Standardized (mechanized measdioni) skipjack CPUE also declined by,

change in fishing efficiency. Although cash prizes were given to top tuny
fishing crews during 1970-71 to encourage high catches, which probably
resulted in some over-reporting of skipjack catches (Andcrsun 1986), this is
thought unlikely to have resulted in a 50% increase in reported catch in 233 nal Trends
1970-71. Rather, the decline afier 1970-71 is thought to be the result of e - -
changing abundance or availability of skipjack associated with chﬂ.ngrl's in ‘the catch rates of small skipjack, large skipjack and total
v recions (as defined in section 1.4.1) CPUE trends for total
Iy H."the regions except for northeast region, follow the same
‘national CPUE trends (Fig. 2.4), Standardized masdhoni

During the mid-1970s, skipjack catch rates were low. From 1977 to 1988, 1
TJatitudinal zone for the periad 1970-95 were:

actual pole and line catch rates for skipjack increased dramatically, but
irregularly, from just 100 kg/day to over 300 ke/day. This increasc in

masdhoni CPUE can be partly attributed to the effects of mechanization - Small skiriack Large skip| ek Tuial skipjack
(section 123} while actual CPUE tripled, standardized CPUE only poty ™ 2 : I.FW'LL
doubled. The balance of the increase during 1977-88, as well as the 93 kg/day 10 kp cay EH Keay
fluctuations in (980 and 1982-83, are thought to be due to oceanographic Il:? tzjﬁ ﬁ:t;igé;:]?v EEE tﬁifji;

variations (section 2.4).

-catch rates are highest m the south of the Maldives and

Since 1988, standardized skipjack catch rates declined gradually and
north. From the early 1970s until about the beguming of

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 o2 :

decrease in skipjack availability (to pole and line) or abundance around the SSSRbifthe south (Fig. 2.7). However, a slight increase was observed in
Maldives. Such changes in earlier times might have been atiributed 1

changes in oceanographic conditions alone. However, in the last decade ipjack CPUE has increased slightly in most regions. In the

‘skipjack CPUE remained more or less constant, at about
causes for such a decline in Maldivian skipjack catch rates (Anderson and raughout out the period.

Adam 1996b), These include;
Ceateh rates are highest in the south of the Maldives and

‘ pentre (see also section 2.5.1), Large skipjack CPUE gradually
in all the regions during the 1980s (Fig. 2.7). but declined during
9905 in all regions except the north. The huge increase in large
E in the northeastern region in 1980 and in 1984-1990, which
N in any other region, 15 difficult 1o explain, [t might be that

* increased negative interactions from the expanding fisheries around the
Maldives, notably in the western Indian Ocean, This possibility I¢
discussed in section 2,9,
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the arrival of small skipjack in April-May, and peak catch
southwest monsoon season. These may be the same as the
shermen in Lhavivani Atwoll call kethé kurr mas, ie. the
arrive before early May (Adnan AN, MIFCO, pers. comm.).

fishermen in this region, particularly in Lhavivani Atoll which houses the!
Felivaru cannery, reported their “large skipjack’ catch according to the.
MIFCO's commercial classification, not MOFA's size classification, In thyy
case the large skipjack caich would be overestimated, Parry and Rasheyy
(1995) showed that Lhaviyani Atoll was reporting over 60% above (he
national average catch of large skipjack during this period, indicating this 5
likely 1o be the case. They also showed that fishermen in Gaafu Dhaaly
Atoll, in the southern region, were also reparting more than the averags
proportion of large skipjack during the same period. However, if this is the
sole reason for high large skipjack catch rates during thar 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 2
decrease in reporting of large skipjack under the commercial siz
categories. It is also likely thut the decline of large skipjack CPUE after
1990, reflacts an overall reduction in availability of large skipjack around
Maldives. related to oceanographic changes (section 2.4.2). '

side of Maldives, low catch rates were obtained during
i, i.¢. during the end of the northeast monsoon and start of the
soon (Figs, 2.8.¢ & 2.8.¢). Catch rates were high during
ebrunty, i.e. during the second half of the southwest monsoon
u]' the northeast monsoon. This result differs somewhal from
‘previous studies. Haliz (1985a) noted that caich rates of
in Mooenu and Lhaviyani Atolls during 1980-81 were high
er to March, and low at other times; in contrast, in the area
to Laamu Atolls. catch rates were high from May to August and
ember tw fanuary. Anderson (1991) noted that cawch rates of
in the area of the Wateru Chinnel (between Vaavi and
during 1985-90 peaked in June to August, and were lowest
2.3.3. Seasonal Trends o April.
south sensonal variation is limited, although the lowest catch
ved in March-April. and the highest in December-February
iz (1985a) noted  considerable variation from month (o
ng 1980-81, but discerned no obvious seasonal pattern (see also

Scasonal movements and variations in abundance of skipjack in Maldivian
waters have not been fully worked out. Several earlier swdies have
discussed some observations (Hafiz, 19852, Anderson and Waheed, 1990:
Rochepeau and Hafiz, 1990, Anderson, 1991; Yesaki and Waheed, 1902;
Anderson et al., 1996) bur there has been no comprehensive review, Figs.
2.8 and 2.9 show average monthly catch rates for small and large skipjack
respectively, Tor all six regions during 1989-95 Fie. 210 shows monthly
catch rates for the two size categories, by region, during the same period.

piack the situation during 1989-95 was slightly difterent:

about October to March, ie. during most of the northeast
! on and the preceding intermonsoon (Figs. 2890, 2.9.b, 2.9¢ &
I, In the far north there was no obvious seasonal variation in citch rales of £ fughest monthly carch rates were usually observed in November.
small skipjack (Fig. 2.8.a). 1

For small skipjack the following generalizations can be made:

' gileh rates were made from April-May to about September,
end of the northeast monsoon to the latter part of the southwest
nderson (1991) noted that eatch rates: of large skipjack in the
MWaticeu Channel (between Vaavu and Meemu Atolls) during
: [ighest during the northeast monsoon (November to March)
in the southwest monsoon (May 10 October),

2. On the western side of Maldives, peak catch rates were observed during
the southwest monsoon and preceeding intermonsoon i, in April-May 1
September-October (Figs. 2.8.b & 2.8.d). Catch rates were low during the
northeast monsoon season and preceeding intermonsoon (November 10
Mareh). 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 und low in the northeast
monsoon seasan. 1his s alse consistent with reports from fishermen in Ra#
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2. In the centre-west (i.e. from Ari to Thaa) peak catch rates were observeq
in June, at the beginning of the southwest mensoon, with a second peak i,
November (Fig. 2.9.d).

3. In the south the highest catch rates were observed during the twg
intermansoon periods, March to May and October-November (Fig. 2.9.1),
Both Hatiz (1985a) and Rochepeau and Hafiz (1990) recorded the samg
pattern, although the former also noted high cateh 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 1
clucidate the full extent of seasonal and regional variation in skipjack catch
rates in the Maldives,

2.4, OCEANOGRAPHIC VARIATIONS AND SKIPJACK CATCHES
2.4.1. EI Nifio Southern Oscillation Events

Skipjack tuna catches in the Maldives are clearly affected by ENSO events
(Anderson, 1987 & [993: Rochepeau and Hafiz, 1990: Hafiz and Anderson,
1994; Adam and Anderson, 1996) 1972-1973, 1976, 1982-1983, 1987 and
19921994 were all EI Nifio years, During each of those years {with the
exception of 1994) skipjack catches and catch rdtes were noticeahly
depressed (Figs. 1.5, 2.1 and 2.11). In contrast, record catch rales were
recorded in 1971 and |988-89; these were both periods of La Nifia or cold
events.

In the westem Indian Ocean, El Nifio years bring increased séa surface
temperatures, low wind mixing and strong vertical eradients in the
thermocline (section 1.4.3). It is nol known how these conditions affect
skipjack in Maldivian waters. One possibility is that increased sea surface
temperatures may reduce larval survival and consequently recruitment 10
the Maldivian fishery. Forsherg (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 El Nifio 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
obviols in the data available.

Ahemanw:ly, 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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pwn be intolerant of high temperatures and to inhabit deeper
wopics (Wild and Hampton, 1994). Since sea surface
pund the Maldives are elevated during El Nifio vears, it is
e is a direct effect on availability of large skipjack to pole
There is clearly a drop in large skipjack CPUE during El
e 2,13); note that the El Nifio of 1976-77 was a relatively
is relationship is currently under further investigation.

Seale Variations

and Hafiz and Anderson (1994) identified medium-term
ivian skipjack catch rates and suggested these might be
seale changes in the oceanographic conditions In the
he mean proportion of skrpjm:k in the Maldivian tuna catch
11 shows the annual propartion of skipjack in the tuna catch
dod 1970-97. During the very early 1970s, skipjack
e than the averase 1o the total Maldivian wna catch. From
ibution of skipjack t the total tuna catch was consistently
Then since 1985 skipjack has again contributed more than
o the total tuna catch. [t is not el clear whether a new period
k catches is being entered now, This same pattern is seen with
rates (Fig. 2.4) and with the ratio of skipjack to yellowfin in
e caich (Fig. 1.6); by presenting the contribution of skipjack
catch, problems associated with standardizing fishing effort are

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

3. The 1980 and 1990 anomalies
‘ohserved variation in Maldivian skipjack tuna catch rates can

combination of the effects of ENSO (including La Nifia)
-scale variations, However, 1980 and to a lesser extent
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1990-91 stand out as anomalous years, While both apparent anomialie
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 i
the northeast Maldives, particularly but not exclusively in Lhaviyani Ato)|
(Fig. 2.7 .¢). The reason(s) for this are not known, If an oceanographic or

climatic explanation is sought, il should be noted that 1980 was in the

middle of a prolonged but weak La Nifa event. The 1980 anomaly migh

~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, 1983a)

Alternatively, it may be that the major ENSO event 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 vear of high, indeed record, Targe skipjack catch rates
Particularly high catch rates for large skipjack were achieved in the north
and centre of the country at the end of the vear; a particularly high
proportion of large skipjack was recorded in the caich on the west coast

and 1990 was the only vear in which national large skipjack eatch 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 El Nijo

conditions reduce skipjack recruitment (section 2.4.1), El Nifia events might
be expected to lead 1o 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 Nifla event.
2.5. SIZE AND GROWTH
1.5.1. Length Distribution

The great majority of the skipjack caught in the Maldivian fishery are

within the range 35 to 65em FL (Hafiz, 19850 & 1986; Adam and,

Anderson. 1996b). The overall size distribution of skipjack (Fig. 2.5) ¥
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bimoditl, as has been observed previously by several authors

a & 1986, Hafiz and Anderson, 1988, Anderson and Waheed.
au and Hatiz. 1990; Scholz et al., 1997), The reason for this
hution is the relative under-representation of medium. sized
h 5U-60 em FL, For eight sampling locations in 1994-96,
of small skipjack in all islands was 45-50 cm, while for
was aboul 63 em FL,

viously reported, on the basis of analysis of ¢atch data (Hafiz,

ochepeau and Hafiz, 1990; Anderson 1992 & 1993), that
of large skipjack in the caich is greater in the north than in
s been noted above (section 2.2.2), the reporting of skipjack
the catch data is not without preblems. Therefore, we ook
ton'of farge skipjack in length frequency samples jaken
at eicht locations during 1994-96 (MRS, 1997), These
data do not support the contention that large skipjack are
the north than in the south (Table 2.3}, Large skipjack were
in skipjack calches in the sowh of Maldives, and least

¢ 21.4% of skipjack measured were large
0.2% of skipjack measured were large
34.3% of skipjack measured were large

ds sampled, Jarpe skipjack were most abundant in 19935, and
ratio is strikingly similar for all the atolls indicating that there
general increase in large skipjack abundance in that year
see below),

are reported by fishermen in numbers, and are converted to
ng average weight conversion factors, For skipjack tuna,
ersion factors are used for large and small sizes. The
fuctors that have been used by the Ministry of Fisheries and
b different times are summarized in Table 2.2 (Anderson,
cand Hafiz, 1996).

ghts of small skipjack calculated for different regions tnd
Ifing 1994-96 were mastly within the range 1.8 10 2.2 kg/fish
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(Scholz et al., 1997). The conversion factors for small skipjack used in th

pastand at present (1.96 102 12 kg/fish) lie within this range. B e it 2.0 S Dot i

d because of the narrow size range available among the
~and their relatively short periods at liberty. One of
n growth estimates from tag release and recovery data is
lengths, bath at recaptire and recovery. In addition, it was
second tagging programme (Adam and Anderson, 1996b)
s are highly tensed during handling and consequently that
n before release are less than those when the fish is dead.
of the limited length measurements from “dummy
and (agged in normal manner, but ‘released’ into the
‘measuring), comection was not made for this effect. In
ble growth estimates from tagging studies, efforts have to
in futurc on obtaining accurate length measurements at both

Average weights of large skipjack caleulited for different regions ang
guarters during 1994-96 were mostly within the range 5.3 to 5.8 ke/fisy
(Scholz et al., 1997) These average weight estimates are mostly lighter thy
the conversion factors for large skipjack used in the past and at present (7 1y
5.7 keffish). Thus, while the possible effects of sampling error cannot s
discounted, there 15 4 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) purchnsed 37% of the total recorded skipjack catch (Tahle 2.4),
Note: that MIFCO started buying smaller sized fish (<15 kg) from

September 1993, and  Anderson (1996) attempted to validate the

of skipjack otoliths recovered from the tetracycline-
- results were discouraging as it was found that
deposition was non-daily. Furthermore, since the number of
deposited per day varied greatly between individuals it was
i s could not be used for skipjack ageing (Adam,
son, 1996).

2.5.3 Growth

Growth rates have been estimated for Maldivian skipjack tuna using both
length frequency and tag relense and recovery data. Hafiz (1985a & 1986)
used length I're::.]u.teru.}l data from Baa Atoll (0 estimate von Beralan(fy
parameters (Table 2.5), There are large differences in the growth parameter
estimates  between  these [wo studies suggesting some  inaccurach.
Lstimation of growth rates from length frequencies is ong of the least
veliable methods for skipjack tuna {Fosberg, 1989), This is for most part due 1
to their continuous spawning and recruitment and also due to their
migratary habits. As a result, representative sampling is difficult to achieve
over lang time periods.

~of skipjack around the Muldives are not wet fully
Analysis of recovery data from the first tageing programme
. clarified some movements within the Maldives. Skipjack
intermonsoon tended to move north within the Maldives
uent southwest monsoon, while those tagged during the
ber intermonsoon tended to move south in the following
n ( Yesaki and Waheed, 1992). A more detailed analysis
. dttrm«un model produced similar results, demonstrating a
m&mmt during the northeast monsoon and a net northward
g the southwest monsoon (Bertignac, 1994),

Yesuki and Waheed (1992) estimated growth rates of 2.4 em/manth for 4
em Fish and 1.7 em/month at 70 em, using tag release and recovery dal
fiom the Maldives® first tagging programme. Anderson et al; (1996) also
estimated skipjack growth rates but using two different screening criteris,
with tag release and recovery data from the second tagging programme.
Their st estimate r:m.iudnd negative prowth (length at recovery ht‘lns:
greater than the length at release) following the procedure used by Y esukd
and Waheed (1992). In their second estimate. negative growth wias
included. Despite the rigorous screening and comection procedures used i
adjusting for the measured length at recovery {Adam and Anderson, 19060k

s made from outside the Maldivian EEZ clearly showed that
movements were current related, f.e. westward during the
pon and castward during southwest monsoon (Yesaki and
This was confirmed during the second tagging programme
i 1996).
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Results of the first tagging programme suggested that skipjack taggeq
offshore (14" x '4” squares without land) were more migratory than skipjac
tagged inshore (%° X '4° squares with land) (Yesaki and Waheed, 1993
This was not confirmed by the second tagging programme (Anderson et g

1996). It was suggested that such an ‘offshore-inshore’ dichotomy could he
highly subjective, depending in part on the definition of offshore ang
inshore. 11 was found that recoveries of skipjack tagged offshore and insh o
could be highly affected by the large variations observed in recovery rates
between tagging cruises, much of which could be explained by differencey
in recaptures during the first month at liberty (Adam and Anderson, 1996h}

On the basis of size-dependent movements observed during both fagging
programmes, and ohservations of the sizes of skipjack caught in the
Maldivian and Sri Lankan fisheries, Anderson et al. (1996) proposed g
model of skipjack migration wnh:n the central Indian Ocean. In the
Maldives, small skipjack {40-50 ¢m FL) are very common, and may be
quasi-resident, When they reach about 50 cm FL they move offshare with
the prevailing currents, During the southwest mensoon 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. Maldeniva and Suraweera. 1991; Maldeniva and Dayaratne. 1994),
Maldeniya and Suraweera (1991) note that female skipjack are unusually
abundant at this time of the vear. while they are under-represented in
Maldivinn catches (Hafiz, 1985a; Anderson and Waheed, 1990] During the
northeast monsoon peried, when the surface flow is predominanly
westward, 50-60 cm FL skipjack move in o 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 pramaote this
apparent change in skipjack behaviour,

It is proposed that at least some these fish may return o Maldives at [ater
stage, since b0+ cm skipjack are relanvely well represented in the
Maldivian catches (Hafiz, 1985a; Anderson and Waheed, 1990; Anderson
and Adam, 1996h), Large skipjack are particularly abundam off the
northern Maldives in October-March and off the southern Maldives during
the intermonsoon periods (sections 232 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 cast during the northeast monsooft
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"ﬂimack are suid w enter the southemn Maldives from: the
ber {Adnan Ali, MIFCO, pers. comm.).

y are conswained in their distribution by their physiological
jatnbly oxveen and temperature. Temperature requirements
ﬁhﬂgﬁullh size, ginee larger fish 'néed 10 find cooler walers
fish i order to dissipate excess metabolic heat (Wild und
M), Regional and seasonal variations in oceanographic
jeular SST, thermogline depth and axygen-availability) in
thie Mnldives nieed 1o be tlaken into acéount in any further
i skipjack migrations.

i

ty A about 39-43¢m. with females maturing at a slightly
males (Hafiz, 19858; Amarasici and- Joseph, 1987:
harmun, 1996; Timohira and Romanov; 1996). However,
the-reverse his been observed, with rmales maturing at a
¢ than females (Cayréd and Farrugio. 1986) There is wide
\ fecundity despite a relatively narrow size rangé at Ffirst
the! broad western Indinn Ocean, Timwhing gnd Romanov
ad that batch fecundity ranged from 041 million o 2:77
for Msh between S2om to 6%, Stequert and Ramcharrin
d that in a sample of 28| fish from northwest Mudagascar and
undity ranged abour 0.8 million to about 1.25 million eges
F-Facm FL. These observed variations in batch fecundity are
due 1o methodological differences between studies; as well as
ndhcation of natural varmability.

spawn throughout the year in the Indian Ocean, with periods
ity (Amuargsiri and Joseph, 1987: James und Pillai, 1983;
Ramecharrun, 1996: Timohina and Remanov, 1996), In the
Oczin, Stéguert and Ramcharrun (1996) found that peak
pds oceurred from June to the end of August in the southwest
‘and Movember to March in the northeast monsoon. Inithe
phitna and Romonov (1996) observed peak spowning during
mmd November to January. At Minicoy, Lakshsdweep. peak
s during March to May (James and Pillai. 1988). In Sri
spowning oceurs throughout the vear, ‘except during
.lnnuar} {Amarasiri and Joscph, 1987).
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In géneral, there is a preponderance of males in the skipjack population, ug
this sex ratio bias is greatest in larger sizes: This predominance of males i
also more noticeable during the peak spawning periods (Stéquert iing
Ramcharrun, |996),

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 scine fishery bordering the Maldivian EEZ 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 Wahead, 1992
Anderson. Adam and Waheed, 1996). A modelling study earvied 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 arca (Bertignac, 1994). In order to obtain a better understanding of the

interactions of the various dkipjack fisheries, large-scale tagging in other
areas has o be ¢arried out,

2.9 STOCK STATUS
The tuna fishery of the Maldives has been in existence for centuries: Betore

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, particularlv by distant water fishing
nations, understanding the impacts of, and internctions between, the various
fisheries has become vital for the rational management of the skipjack
reseurge,

To date there has been no comprehensive assessment of Indian Ocean
skipjack tuna stock status. It is assumed that theére 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 W
sustain high levels of fishing effort. Skipjack tuna are highly fecund, mature

ve a relatively short life span. In addition, spawning takes place
areas and periods of time. Because of these biological
15 thought that large adult populations are not so important
recruitment and maintaining the fishery. Fonteneau and
6) state that reduced recruitment due to owverfishing
overfishing) has never been observed for species such as

ere do appear to be some worrying signs in the Maldivian
Skipjack catches have stagnated in recent years (Fig. 2.1)
have declined (Fig. 2.4). This might be due (at least partly)
-skipjack catches elsewhere in the Indian Ocean. Adam and
b) showed that there was a negative correlation between the
ani skipjack catch rates and western Indian Ocean skipjack
1 period 1988-93 (r = -0.343). Given the migration model
~Adam and Waheed (1996) (section 2.6), and assuming that the
¢ fishery does have an impact on Maldivian skipjack catches, then
m logical to expect the greatest impact on large skipjack catch
¢ period 1988-95, the relationship between Maldivian large
E and western Indian Ocean skipjack catch (Fig. 2.12) is
(r =-0.75). While there is no proof of cause and effect; this is
e of concern for the Maldives.

sis of data for the years 1970-85, Hafiz (1986) noted that the
skipjack was greatest in the north and northeast of the country
). This is no longer the case (section 2.3). Agpin, this is
evidence for a possible impact of foreign fishing on
th rates.

ws the proportion of large skipjack in catches on the westemn
sides of the Maldives. Before 1986, when western Indian Ocean
* fishery activity was low, the proportions of large skipjack on

owed same pattern, and the proportion of large skipjack in
iches was higher than that in west coast catches for exactly the
of years that the opposite occurred (8 years out of 16).
1986, with increased purse seining activity, the proportion
on the west coast declined relative 16 that on the east coast.
rates were lower than east coast catch rates in 11 out of 12
ng the period 1986-97. This might have been the result of a
N immigration of large skipjack to the west coast from the
in Ocean.

63



The government agency MIFCO buys a large proportion of the sJ-anm

caught in the Maldives (Table 2.4), From its purchasing records the ay |
weight of a substantial skipjack sample can be estimated. Prior to 1993 uﬂ.
was a biased estimate of the average weight of the catch because M|p
only bought weighing more than 1.5 ke/fish. However, this bias would hay,
been similar in all the years and any trends in the time series should refloy
changes in the average size of the larger skipjack caught in the fishery. Ty,
bias would have been reduced from the begmning 1993, when MIFCg
started to buy fish of under 1.5 kg. There is a clear decrease in the averag,
weight of skipjack purchased by MIFCOQ, during the period 1990-93 (Cook
1995), This corresponds to the time when large skipjack CPUE also startef
to decline.

These varioud lines of evidence are all supgestive of a negative impact o

oy Lj,f much uncertainty regarding the stock status of Maldivian
But so great is the importance of this one specles of fish 1o
_-acnnomy. and so tmummir: wuuld be a :,ullnpsc of n-.ih

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

Mechanized

expansion of the western Indian Ocean purse seine and the Sri Lankan
gillnet fisheries. In the Pacific there have been several studies of una
fishery interactions (cited in Shomura, Majkowski and Langi 199
Shomura, Majkowski and Harman 1996), For example, modelling of ug'
recovery data combined with analysis of fishing effort in the southwesl
Pacific has shown that a decline in pole and line yicld of as much as 20%
can oceur as a result of the activities of purse seine fisheries (Sibert et al,
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 hn'-'t
been occuring at the same time:

» There have been changes in oceanographic conditions (section 24)
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 it
the Maldivian tuna fisheries increased fishing effort should produc®
increased catches, until some threshold level. Thereafter, furthe®
increases in ¢ffort should produce diminishing catch rates. While
there is no evidence for this occurring yet in the Maldivian und
fisheries, in other areas it has been shown that local increase It
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Table 2.2. Average weight conversion factors for large and small skipjack
used by MOFA/EPCS. ]
Source: Adapted from Anderson and Hafiz (1998),

ldivian Government purchases of fresh skipjack, 1975-94,
MOFAEPCS

Comiérsian Facr Sa/tles) — GM‘ purchases (1) Tonal skipjack cuch (1) T o, parchosed
Period of application Large skipiack Smoll skipjack  Source ; 1,085.7 14,858 73 %
s 55042 20,092 174%
19581975 7.0 1.963 Shijl & Sato, 1966 4.34] .4 14,342 0.3 %
1976 - 1983 618 212 Urknown, 1973 #9714 13.824 36,0
1984 - 1987 587 201 Unknown, 1983 B.936,5 18,136 382 %
10KE - presem 59 21 Anderson , 1985 0289 23 561 e B R
.| 6356 20,617 30.8 Y
51764 15,881 kb
13,8572 19,71 196 %
5.961.5 2048 18.6 %
Table 2.3. Percentage of large skipjack in regional skipjack lengt E2687 oy g
irte ealen e : : 9.£39.4 . 45445 207 %
freq Y Smples, : 10,436.0 2100 24 8%
Source. MRS (1997) 16,826.6 58,346 28.7%
. 17,1073 SH, 145 .13-'4 Yo
. Pereentage of farge skipiack in the e 20,4311 59,899 3.1 %
Atoll / Island 1994 uﬁtm P 1996 T 9995 13,850.0 58,598 213%
16,941 8 SE8TT IR9
H.A Kulhudhytushi 152 305 654 18.8 16,R75.6 58,740 7%
R Alifushi 210 298 - 260 15,2503 65411 2200
K. Malé 1w 16 153 168
M. Madovvari 46 61 27! 50
Dh. Kudahuvadhoo fih i - et
L Meaamendhon 133 478 i 128
gahv_:::f‘;;‘m f:: :;; ‘;—E ;;j ‘Estimates of von Bertallanfy growth parameters and length-at-
A e 5 ack tuna in the central Indian Ocean, from length frequency
Average 19.0 s 16:6 253 '
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Tahle 2.6, Growth rate at length for skipjack wna in the Indian Ocean,

Growth rate (em/me ot fork lenpth, & 95% CT)

Aren A gim 50 em &l cm MWem  Method Source

Malidives | 1% oy [ W Hafiz (1985)

Maldives | 2 .8 04 LF Hafir (1986

81 Lawika |3 mo I L B I Joseph & Amarasii ¢
i Lunko 25 (] 14 i -" F Amarasini A Jlqu:ph 1
5t Lanka | f Fol 1.9 03 LF Sivisubeaman um (] Gae
Mfinigoy 21 .5 B a8  LF Inmea and Pillai {10y
Muldivas (1) 24 =l I8 T4 Tagging  Yesak & W"h“d-”'ﬂtr.
Maldives (2) | 4403 I 0.1 09403 — Tmyging  Anderson ot al (1994) 5
Maldrves {3 LA =011 050,07 0.220.14 —  Tapging  Adin & Anderson []
Moles:

I. Recoveries measured by tope and release measured with beard bul discrepancy gy
carmected. Nepative growths ¢liminated

2 Recoveries measured by mpe and relesse mipsured with board but corrected using o wpg 1y
tpard conversion ratio, Negative growths eliminmed i
3. Recoveries measured by tape and release measured with board bt corrected using a tape iy
bourd conyersion ratio. Negathve growths NOT eliminated
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Fig. 2.1, Skigjack luna - annual catohes by veasal type
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Fig 24 Skipjack tuna - pole and lne catoh rates, 1970-87
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Fig 28 Skipjack funa - sverage monthly mechanized mizsdhonr catch rates for SMALL Skiniay,
by region, 1989-65 ]
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Fig. 2,10, Skiplack tuna - menthly mechanized masdhon/ catch rates for
large and emall skipjack by region. 1988-85

Fig. 2.11. Skigjack 1una - % contribution 1o annual tuna caich
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3. YELLOWFIN TUNA
(THUNNUS ALBACARES)

R. Charles Anderson and Zaha Waheed
RODUCTION

(Thunnus albacares) is known locally as kanneli. 1t is the
ortant fish species in the Maldives in terms of catch
skipjack wna. Yellowfin tuna comributed an average of 13%
| tuna catch during 1970-97. Recorded catches averaged 6,300
aring 1970-07, but doubled to il&ﬂﬂtperywdnﬂng]?ﬂ -97.

i§ @ large species, growing to a maximum of over 2 m in
fte and Nauen, 1983), In the Maldives, however, the majority
s of small juveniles, mostly 30-60 em FL. These are nearly all

ait pole and line. In addition, some larger yellowfin, of about
- caught by handline and longline.

n yellowfin tuna from the Maldives was reviewed by
5) and Adam and Anderson (1996a). Information on the
d migration of vellowfin in the Maldives and surrounding waters

ed by Anderson (1988b) and Adam (1993). Additional
given by Anderson and Waheed (1990), Rochepeau and
wd Yesaki and Waheed (1991 & 1992).

TUNA CATCHES AND CATCH TRENDS

tu  catches in the Maldives have increased significantly over the
s (Table 3.1 and Fig. 3.1). The average annual catch during
s anly 1,800 1, during 1994-97 it was 12,800 t. This increase
dy, much of it occurring in the period 1990-94. This sudden
n the early 1990s occurred at the same lime as a decline in
i@ catch rates (section 2.3.1). These changes both appear to be
dal-scale oceanographic variations (sections 1.4.4 and 3.4.2),
the decline in skipjack catch rates may have prompted
o catch more yellowfin to compensate for reduced skipjack
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-1 E'
conversion factors,
ith size ¢lassification; and

The relative contributions of the main vessel types 1o annual yellowfiy
catches are tllustriated in Fig, 3.2, Pole and ling vessels {masdhonis) are ‘
far the most important vessel type for yellowfin in the Maldives. Saj); '
mashonis were rapidly replaced by mechanized masdhoms during the lage Cifigity.
19705 However, mechanization did not lead o an immediate increase rn:'
tuna catches (including those of yvellowfin tuna), for the reasons autlined in'
section [ 3. '

§ Rasheed (1993) estimated that yellowfin catches might be
yated by about 15% as a result of underreporting. It is possible
catches for the years 1970-71 may have been even more
erreported. Between 1959 and 1969, tuna statistics were
p only three species categories large skipjack: small skipjack
. kawakawa and frigate tuna (Anderson, 1986). From 1970,
reporied separately from small skipjack for the first time, It 15
o what extent this may have contributed to greater than average
ing or misreporting of yellowfin catches. However, it should be
e apparently low level of yellowfin caiches in the years 1970-
¢t o truly low level of catch resulting from oceanographic
jon 3.4.2) and/or inflated skipjack catches as a result of
{section 2.2.2. Anderson, 1986).

Pole and line catches of yellowfin wna have increased irregularly wig
increased masdhony fishing effort over the entire period 1970-97 (Fig, 34)’
There 15 no suggestion of a levelling off of catch at high levels of fishing
effort. Thus. there is no support, at the levels of fishing seen so far, for 51'1
threshold relationship of the tvpe proposed by Sathiendrakumar and 'I'isdcﬂi
(1987}, '

Pole and ling is by far the most important gear type for vellowfin in the
Maldives. Roughly 90% of the catch is mken by pole and line. Longline
troll and livebait handline are also used. MOFA does collect data on cach!
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 25 are reported by fishermen in numbers, and are converted to
tunn were made by trolling vadhu dhonis up until the mid-1980s, bur since - ng average weight conversion factors. For yellowfin tuna, a

then their contribution 1o total vellowfin catch has been minimal (Fig. 3.3 sion factor has been used for the whole country (section 3.5.2),
see also sections 1.2.3 and 1.3). {aet that there are clear regional and scasonal differences in

his. While these problems apply to all mma species, for
wery large size range is landed (section 3.5.1), which makes the

Traditionally, Maldivian fishermen have targeted small vellowfin (i.c. those
conversion factor particularly mappropriate.

of less than about 60 cm FL). Large yellowfin tuna have presumably always
been present, but were not taken in any numbers, perhaps because there wal
no market for them. Over the last decade, catches of large yellowfin have
increased ds markets have developed. These markets are both domeste
{resorts and Malé teashops) and export (mostly canned or frozen [of
canning, but also some for sashimi). Large yellowfin are caught mainly 8
handline or tolling, but also by longline. MOFA has recorded catches ﬁf
large vellowfin separately from those of small yellowfin since 1992, bil-
does not normally report them separately. Recent calches of small and large
yellowlin are summarized by repion in Table 3.2,

 of separate catch data for large and small yellowtin started in

and' Rasheed, 1995: Anderson and Hafiz, 1996) Separatc

factors for large and small yellowfin were introduced at the

wever, the conversion factor now used for small yellowfin

as a conversion factor for-all vellowfin (Anderson, 1988a;

Hafiz. 1996). The use of this conversion factar will tend 10
estimation of yellowfin catches,

gth frequency sampling was started in 1993 in an attempt to
e of these problems (Anderson ¢t al., 1995: Scholz et al,
ugh seasonal and regional conversion faciors have been
they have not been applied.

3.2.2. Accuracy of catch estimates

Recorded catches of yellowfin tuna, as shown in Table 3.1, are likely I“.'
differ from the true catch as a result of inadequacies in the fisher®®
statistics system (section 1.5 1) For yellowfin tuna the main problems are:






mascthonis during 1994-97 were consistently highest in the north and Jowey
in the south (Tahle 3.2).

Far wrolling vessels, for the periods 1970-83 and 1989-95 combined, actyy)
average catch rates for yellowfin tuna by latitudinal region were:

Morth 1.7 kgiday
Centre 50 kg/day
South 4.6 ke/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 counoy may be
related to the abundance there of other target species, notably kawakawga
and frigate tuna (sections 4.3.2 and 5.3.2),

In summary, evidence from pole and line catch rates supgest that yellowiin
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 ratey,
Note that this discussion refers to juvenile yellowfin tuna only,

The latitudinal trends in the abundsnce of large yellowfin, are not well
known. Recent regional catches of large yellowfin are summarized in Table
3.2, During 1993-97 the highest catches were recorded in the central region,
reflecting high landings to Malé 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 targetad
large yellowlin wna, There are seasonal fisheries for large yellowfin, which
are discussed below.

3.3.3. Seasonal Trends

Yellowfin tuna catches and caich rates show marked seasonality in the
Maldives. Deranivagala (1956) appears to have heen the first to record this
During @ visit to Maldives in 1932 he noted that fishermen reported that
yellowfin were most abundant near Malé in the northeast monsoon seasoi:
Andersan (1985) reviewed yellowfin catch and effort data for the whole
country and noted that there are two major scasonal components to the polé
and line fishery for juvenile yellowfin tuna:

L. Southwest monsoon fishery off the west coast during June 1o Septamber:
2. Northeast monsoon fishery off the east coast during December to March
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‘has been confirmed by Anderson (1938) and Rochepeau and
990). In both seasons juvenile yellowfin are carried towards the
« by the prevailing monsoon currents. These small yellowfin are
associnted with drifting objects (eivaali), and also with ocean
ndhi) and seamounts, They are typically in the size range 25-
Anderson and Hafiz (1986) mapped the approximate extent of
nal fisheries. Anderson (1988) subsequently extended the
adjacent waters and developed a migration model for juvenile
the central Indian Ocean (Fig. 3.7, section 3.6).

catch rates for pole and line vessels are listed by area in Table 3.4,
trolling vessels in Table 3.5. For pole and line vessels, on the east
daldives (from Shaviyanito Meemu}, catch rates tend to be higher
heast season than in the southwest season. The difference
e seasons is more marked for the east-central atolls (Lhaviyani to
than for the northeastern atolls (Shaviyani and Noonu). This is
vessels from Shavivani can easily fish on both sides of the couniry.
side of Maldives (Raa to Thaa), catch rates are consistently
southwest season than in the northeast season. In the far north,
consistent seasonal pattern, with juvenile vellowfin catch rates
r in the northeast season in some years, and higher in the
| sgason in others. In the south, catch rates are low, and inter-
rjation is not great, although the highest catch rates tend to be

e sputhwest season.

ion above refers only to juvenile yellowfin wna. The seasonal
of large vellowfin tuna is not so well known. This is an area
ther work is needed. However, there is a seasonal fishery for large
in the far south of Maldives off Fuvah Mulaku and Addu Atolls in
and December each year (Anderson, 1985; Anderson, Adam and
993} Off Malé, large yellowfin were caught mostly in March-
in recent vears as demand has grown they are taken in all months.
north of Maldives. olf Haa Alifu Atoll, large yellowfin are taken
4 to April (Adam and Anderson, 1996a).



3.4. OCEANOGRAPHIC VARIATIONS
3.4.1. El Nifio Southern Oscillation Events

Maldivian yellowfin catches and catch rates tend to increase during ENSH
events (Anderson, 1987, 1991 & 1993; Hafiz and Anderson, 194y
Rochepeau and Hafiz, 1990). High catch rates were recorded in cach of rhé
ENSO events: 1972-73, 1976, 1982-83, 1987 and 1992-94 (Figs. 1.5, 33
and 3.6). Note, however, that during ENSO events that last for more thay
one year, elevated catch rates are only apparent during the latter part of fhy
event (i.e. in 1973, 1983 and 1994, but not in 1972, 1982 and 1992-93),

During La Nifia events, vellowfin tuna catch rates may be depressed
However, this effect is not as obvious as the effect of ENSO events gp
yellowfin caich rates. Catch rates were reduced during the 1971 and 1974
LLa Nifia events, but not during the 1988-89 event.

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
vellowfin catch rates associates with ENSO events.

Anderson (1991) 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 vellowfin
tuna during June to September 1987, This corresponds to the period of the
southwest monsoon fishery on the west coast. He suggested that the caiches
of yellowfin made in the Vatteru Channel in mid-1987 derived in part.al
least from these ‘west coast’ fish. Allernatively, 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 westem Indian Ocean, oceanographic condition$
associated with ENSO events (see section 1.4.4) have been hypothesized
promote the survival of yellowfin larvae (Marsac and Hallier, 1990; Marsag,
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
explairiing the observation that yellowfin catch rates are high during e
lntter part of multi-year ENSO events.
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dal Scale Variations

v been noted above (sections 1.4.4.2.4.2 and 3.3 1), vellowfin
in the Maldives appear to be affected by decadal seale
wvariations. Catches of yellowfin were higher than expected
of pole and line fishing effort expended during 1973-84 and
. Lower than expected catches were obtained in 1970-72 and
i same pattern is apparent in Figs. 3.5 and 3.6

d 1995 are vears with intermediate yellowfin cateh rates. New
t canversion factors-were introduced in 1992, which will have
ase in estimated coteh (sections 3.2.2 and 3.5.2). Therelomre,
jerhaps also 1993 might best be considered as years with low

WFIN TUNA SIZE AND GROWTH

ength Distribution
= |

ary length frequency distribution for yellowfin tuna measured at six
during 1994-96 is given in Fig, 3.8, O the 146,285 yellowhin
9559 were within the range 25-62 em FL. 50% were within
49 ¢m FL. The modal length of the sample measured was
the mean length was 45em FL. The smallest vellowfin tuna
17em FL. The largest was 18%cm FL. although the second
Iy 165em FL, and 99% were shorter than 75em FL. These
- similar 1o those reported in previous studies of Maldivian
{Anderson, |985; Adam and Anderson, |996a), Thus the majority
wiin minas caught are small juveniles taken by the pole and line
e are for the most part somewhat smaller than the vellowfin
ere in the Indian Ocean (see IPTP, 1992, Fig. 30).

age Weights

25 ‘are reported by fishermen in numbers, and are converted to
g average weight conversion factors. For yellowfin tuna, the
| conversion factors have been used by the Ministry of Fisheries
ulture at different times (Anderson, 1986; Anderson et al., 1996;
1997
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19591975 1.963 kg/fish (Shiji and Sato, |g\55}
1976-1987 212 kg/fish (Source unknown)
1983- 1906 2.6 kgifish (Anderson, 1988)

is present study, monthly length frequency histograms of al

3 were produced. No attempts were made to fit von Bertalanffy

meters (or those of any other growth model) to these data

the limited size range sampled. Inspection of the histograms

y periods of modal stasis, and no extended periods of
i modal progression.

The first two conversion factors applied to small yellowfin only, wheres,
the third conversion factor was supposed to apply to all yellowfin, [ hag: '
however, been applied to small yellowfin since 1992, when a conversigy
factor of 20 ky/fish for large yellowfin was introduced (Parry and Rashga&'
1995; Anderson and Hafiz, 1996),

length frequency data to estimate tuna growth rates can certainly
1. ‘Although length frequency data may show clear modal
it may be impossible to distinguish between real growth and
The use of single conversion factors for the whole country is recognized - It wih resulting from migration of different sized/aged fish
inadequate (Anderson, 1986: Parry and Rasheed, 1995: Anderson ot al, - sampling area. This problem is exemplified in the case of
1996; Scholz et al., 1997). This is particularly the case with vellowfin ung, owfin in the western Indian Ocean by some studies producing
which has a large size range and shows marked seasonal variations in giz h rate estimates of about 3 em/mo (Marcille and Stéquent, 1976;
composition and abundance. In an attempt to overcome these problems, 1988h; Yesaki, 1992) while others favour ‘slow’ growth at about
more comprehensive regional sampling of catches was started in Jate 1993, ate (Marsac and Lablanche, 1983; Marsac, 1992; Firoozi and
Annual average weight estimates of small yellowfin tuna landed al sevey ) There is a need for further work 1o resclve this issue.

locations during 1994-96 ranged from 1.8-2.1 kg/fish (Scholz et al., 1997)
These estimates are close to the original vellowfin conversion factors of
1.863 and 2.12 kg/fish. The current use of a 2.6 kg/fish conversion facter
for small yellowfin is clearly inadequate. '

pincrement analysis may have value mn estimating growth rates,
at the periodicity of microincrement deposition is validated
Yamanaka, 1988). A total of 737 juvenile yellowfin were
tetracycline. tagged and released near Baa Atoll in August
o 1995b; Anderson, Adam and Waheed, 1996).
, [recaptures were very poor, and no tetracycline-marked
recovered (Anderson, |996a).

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 Malé, where handline as well as pole
and line vessels were sampled (Scholz et al,, 1997). The single conversion
factar of 20 ke/fish for large vellowfin currently in use clearly fails to take
account of these wide regional variations in average weight.

DWFIN TUNA MIGRATION

i
(1988b) proposed a model of vellowfin tuna migration in

‘and adjacent waters based on an analysis of CPUE and length
Y He proposed that there is a broad band of juvenile yellowfin
al central Indian Ocean, and that these fish move back and
phase with the seasonally oscillating monsoon currents.
ns of juvenile yellowfin are therefore found off exposed coasts.
catches are made off the western coasts of Maldives, Sri Lanka
dia during the southwest monsoon, and off the enstern coasts of
d Sri Lanka as well as Minicoy during the northeast monsoon

3.5.3. Growth

The growth of vellowfin tuna in the Maldives has been studied by analysli
of both length frequency data (Anderson, 1988b; Adam, 1993) and tagging
data (Yesaki and Waheed, 1991 & 1992), These siudies concentrated d‘i
juvenile yellowfin, because large yellowfin are under-represented I
Maldivian catches, and so they were unable to develop growth models 0
the full size range of the species. From the length frequency studies, a lined
growth rate of 2.940.4 cm/me between 30-70 cm FL was estimalet
(although growth at half that rate could not be discounted), From tagginé
studies, a compatible growth rate of 2.4 cm/mo at 70 cm FL was estimat
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plls in November-December (Anderson, Adam and Waheed,
sugeests that these large yellowfin are highly migratory.
ults from the the second Maldivian tagging programme in
- very different picture. OF 83 large yellowfin tagged in the
[dives, 10 (12%) were recovered there; no recoveries were
localities (Anderson, Adam and Waheed, 1996).

This migration model was subsequently confirmed by tagging Studigg
which showed that juvenile yellowfin do indeed move in phase with y,
seasonally oscillating monsoon currents ( Yesaki and Waheed, 1991 & 19 Vi
Anderson el al., 1996). OF 3211 vellowfin tagped in both Bgeiny
experiments, 158 (4.9% of releases) were recovered up 10 the engd “
October 1998 (Table 1.10). OF these, 25 (15.8% of recoveries) wey
recovered outside of the Maldives. Six tagged yellowfin (3.8% .o
recoveries) were recaptured by Sri Lankan vessels, to the sast of Maidivuit;f
five of these were recaptured during the southwest monsoon Etasng.
Nincteen tagged yellowfin (12.0% of recaptures) were recaptured by purss
seiners operating to the west of Maldives; of these, all 6 for which accuryg
date of recapture was reported were caught during the northeast mon sooy.
SERSOM.

WFIN TUNA REPRODUCTION

ty of the catch is of immature juveniles. A single sample of
was sampled for gonad maturity at Felivaru cannery in 1985; the
the sample was of small fish of indeterminate: sex (Anderson,
has been no other study of yellowfin reproduction in the

It has been supgested (Andérson, 1988b; Adam, 1993; Adam and A nderson,
1996a) that yellowfin wna of intermediate size may migrate northwardy
from the Maldives imo the northern Arabian Sea. These vellowfin i
presumed to return southwards as they mature. This would explain the
abundance of small and large yellowfin but scarcity of intermediate sized
vellowfin in equatorial waters, and the abundance of intermediate sizel
yellowtin at the head of the Arabian Sea.

er Indinn Ocean yellowfin reproduction has been the focus of
studies (eig. Joseph and Maldeniya, 1987; Hassani and Stéquert,
eliina and Romanov, 1991). Mamwrity is reached at abour 100-
Sex ratios are roughly equal up to about 110-140 ¢m FL,
es predominate in some areas and females in others. At larger
always predominate, and females longer than 160 cm FL are
rare. Spawning probably occurs: year-round in many arcas,
Adam and Anderson (1996a) noted that there was no obvious sign of Ain equatorial regions. In the western Indian Ocean purse seine
change with latitude in the size of yellowfin caught by pole and line withit ; major reproductive period is between November and March,
the Maldives. They therefore suggested that if there is a northward [ dary spuwning period from July to September. Fecundity is
migration, it does not start until the yellowfin have grown to a size greatél ases with size, but varies greatly between individuals and has
than that at which they are normally taken by pole and line (i.e. greater tha ted at 1.5 - 8 million eggs per female per spawning.

60 cm FL). For western Indian Ocean yellowfin, a change in body
proportions determined by detailed analysis of length-weight data has been
noled at about 64-68cm FL, and this has been interpreted as a “tuming point
... in the life of this fish" (Montauvdouin, Hallier and Hassani, 1990: Halliet
1991} Along the west coast of Sri Lanka a northward movement o0
yellowfin was demonstrated by Maldeniya and Joseph (1988), mainly 08
the hasis of changes in relative abundance of 60-80 cm FL fish,

YELLOWFIN TUNA STOCK RELATIONSHIPS

tructure of yellowfin tuna in the Indian Ocean is not well known.
purposes a single ocean-wide stock has been assumed (IPTP,
vever, it is likely that there are at least two Indian Ocean stocks.
‘Kot (1971) concluded, from an analysis of Japanese longline
ere were separate eastern and western stocks with a boundary at
FE. Nishida (1992) proposed a multiple stock model from an
of longline fishery data. He also suggested that there are two major
the Indian Ocean: a western and an eastern stock, but with an area

ip between about 70° - 90°E,

The migrations of large vellowfin tuna within Maldivian waters are not wel
known. Seasonal fisheries are noted in section 3.3.3. From Japani#
longline data, a model of large yellowfin migration was proposed by Morift
and Koto (1971), They suggested that there is a movement of %
yellowfin up past the south of Maldives during October to March each yeif
This corresponds to the annual large yellowfin fishery off Fuvah Mulsk
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This migration model was subsequently confirmed by lagging studie
which showed that juvenile yellowfin do indeed move in phase witl, the
seasonally oscillating monsoon currents (Yesaki and Waheed, 1991 & jogy
Anderson er al., 1996). OF 3211 yellowfin tagged in both (aggp,
experiments, 158 (4.9% of releases) were recovered up 1o the end of
October 1998 (Table 1.10). Of these, 25 (15.8% of recoveries) Wi
recovered outside of the Maldives. Six tagged yellowfin (3.8% of I
recoveries) were recaptured by Sri Lankan vessels, to the east of Maldivey, ELLOWFIN TUNA REPRODUCTION
five of these were recaptured during the southwest monsoon seasgy v
Nineteen tagged yellowfin (12.0% of recaptures) were recaptured by Purgs
seiners operating (o the west of Maldives: of these, all 6 for which acoumgy
date of recapture was reported were caught during the northeast monsgy
season, A

Addu Atolls in November-December (Anderson, Adam and Waheed,

\ suggests that these large vellowfin are highly migratory.
lts from the the second Maldivian tagging programme in
« 5 very different picture. O 83 large vellowfin tagoed in the
Vialdives, 10 (12%) were recovered there; no recoveries were
er localities (Anderson, Adam and Waheed, 1996).

rity of the catch is of immature juveniles. A single sample of
‘was sampled for gonad maturity at Felivaru eannery in 1985; the
of the sample was of small fish of indeterminate sex (Anderson,
¢ has been no other siudy of yellowfin reproduction in the

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

der Indian Ocean vellowfin reproduction has been the focus of
g5 (e.g Joseph and Maldeniya, 1987, Hassani and Stéquert,
ina and Romanov, 1991). Matrity is reached at about 100-
Sex ratios are moughly equal up to about 110-140 cm FL,
les predominate in some arcas and females in others. At larger
always predominate, and females longer than 160 cm FL are
rare. Spawning probably occurs year-round in many areas,
equatorial regions. In the western Indian Ocean purse seine
the major reproductive period is between November and March,
dary spawning period from July to September. Fecundity is
ses with size, but varies greatly between individuals and has
pated at 1.5 — 8 million eggs per female per spawning.

Adam and Anderson (1096a) noted that there was no obvious sign of
change with latitude in the size of yvellowfin caught by pole and line within
the Maldives. They therefore suggested that if there 5 a nm‘lhw'.
migration, it does not start until the yellowfin have grown 1o a size greated
than that at which they are normally taken by pole and line (i.e. greater than
60 em FL). For western Indian Ocean yellowfin, a change in bodyl
proportions determined by detailed analysis of length-weight data has been
noted at about 64-68cm FL, and this has been interpreted as a *ruming poiit
... in the life of this fish” (Montaudouin, Hallier and Hassani, 1990; Halligh
1991). Along the west coast of Sri Lanka a northward movement of
vellowfin was demonstrated by Maldeniva and Joseph (1988), muinly o
the basis of changes in relative abundance of 60-80 cin FL fish,

LLOWFIN TUNA STOCK RELATIONSHIPS

tructure of yellowfin tuna in the Indian Ocean is not well known,
- purposes- 4 single ocean-wide stock has been assumed (IPTP,

rever, it is likely that there are at least two Indian Ocean stocks,
Koto (1971) concluded, from an analysis of Japanese longline
s were separate eastern and western stocks with a boundary at
B, Wishida (1992) propesed a multiple stock model from an
longline fishery data. He also suggested that there are two major
the Indian Ocean: a western and an castern stock, but with an arca

Fbetween about 70° - 90°E.

The migrations of large yellowfin tuna within Maldivian waters are not well
known. Seasonsl fisheries are noted in section 3.3.3. Frem Jopanté
longline data, a model of large vellowfin migration was proposed by Mo LS
and Koto (1971). They suggested that there is a movement of [aEs
yellowfin up past the south of Maldives during October to March each yest
This corresponds to the annual large yellowfin fishery off Fuvah Mulatt
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Adam and Anderson (1996a) noted that if there are two main ytltnwﬁn
stocks, then the yellowfin caught off the west coast of Maldives during g,
southwest monsoon were probably recruited from the western stock, whjje
those caught off the east coast during the northeast monsoon might come

from the eastern stock. Adam and Anderson (1996a) found no obvinyg

correlation between southwest monsoon fishery CPUE and northeag
monsoon fishery CPUEs (previous year, same year and following year)
This finding does tend to support the two stock hypothesis. The similarity j
CPUE trends over the peried 1970-97 for the two fsheries (section 3.3.3y)
might still be attributed to large scale variations i oceanogruphic
conditions.

39.8TOCK STATUS

The stock status of vellowfin tuna in the Indian Ocean is not well known. In
the Indian Ocean as a whole, yvellowlin wna is the most important tuna
species caught, in terms of catch weight. Yellowfin catch in 1995 was.
310,500 1, which was 34% of the total recorded Indian Ocean tuna catch
(IPTP, 1997),

Only one regional stock assessment of Indian Occan vellowfin has been

carricd out. That was in 1991 (IPTP, 1992). No firm conclusions could ke
reached aboul the swius 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 sugpested high and perhaps unsustainable levels of
fishing effort and mortality.

In 1995, the IPTP Expert Consultation concluded. without conducting &
rigorous stock assessment exercise, that Indian Ocsan 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 moderaie
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 10 or in excess of the maximum
sustainahle yield (MSY") for that stock.

Since 1995, new catch data have become available (IPTP, 1997). Thef

show that Indian Ocean yellowfin catches peaked in 1993 (at 380,500 th
since when they have declined (to 288,300 t in 1994 and 310,500 t in 19950
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need to be interpreted in the light of particularly high levels of
ity in 1993, Nevertheless, the drop in caiches in 1994-95
use for concern,

Anderson (1996a) noted that although Maldivian yellowfin
ptal catch rates had been increasing in recent vears, catch rates
“west coast fishery had declined during the period 1984-1993,
CPUE for the west coast, southwest monsoon fishery is now
hat of the east coast, northeast monsoon fishery, whereas the
always been true before (Tables 3.7 and 3.8). One possible
for this is that increasing catches of yellowfin tuna by other
waestern Indian Ocean is adversely affecting recruitment to the
onsoon {ishery in the Maldives (Adam and Andersan, 1996a).

mury, the stats of vellowfin tuna in the Indian Ocean remains
However, the very high levels of fishing activity in the western
the recent drap in Indian Ocean catches, and the decrease in

vellow(in tuna i the Maldivian west coast fishery are all

(Lhurnues obesus) s very similar in appearance to vellowfin
aldives, catches of the two species are not distinguished. Any
uiht s lumped with vellowfin tuna in the national statistics.

of bigeye tuna in Maldivian catches was noted by Anderson
~and Anderson (1988) and Yesaki and Waheed (1991).
on the ocourrence of bigeve tuna in Maldivian catches up o
mmarized by Anderson and Hafiz (1991), They noted that
makes up a relatively small proportion of the Maldivian tuna
d that it appears 1o be commoner in the south of the Maldives than

996h) reviewed information on the occurrence of bigeye tuna in
hes up to 1994, Bigeve tuna was found to make up about 15%
Mg (1.e. combined yellowfin and bigeye) cateh by numbers in
' the Maldives, but only just over 1% in the north and centre of
. Nearly all the bigeyve tuna caught in the Maldives are relatively
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small, surface-swimming juveniles, taken by pole and line. The mg;
length in the south was about 58 em FL, with an estimated mean Weight e
3.6 kg. In the north and centre, the modal length of bigeye catches

about 36 cm FL, with an estimated mean weight of 1.1 kg.

Anderson (1996b) estimated annual catches of bigeye tuna for the south g
north-central Maldives separatelv, using the Kudahuvadhoo Channe| ng
of Thaa Atoll as a dividing line, These data are reproduced here (Table 39
and updated fo include catch estimates for 1995-97. Annual average catc jy
estimated to have risen from about 100 t per year in the early 1970s 1o abgy
500 t per year in the mid-1990s. Note that the Veimandhoo Channel soy
of Thaa Atoll may be a more appropriate dividing line, as it is for other tupy

MOFAERCS,

avolved are the spotted dolphin (Stenella atterata) and the spinner
(Stenella longirostris). Maldivian fishermen targeting large
use the presence of dolphin schools to locate the tunas. The
are caught using simple handlines, and are mostly within the
e 70-160 ¢m FL. No dolphins are caught or harmed.

Annual Maldivian catches (1) of vellowfin tuna by vessel type,

species (see section 1.4 1), but further sampling is required to confirm thiy

for bigeye tuna. |

L10.2. Yellow(in 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), bqa'l
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 targeting of |
dolphin-associated yellowfin tuna schools by tuna purse seiners in the ETF,
and consequent mortality of the dolphins has been a major issue since the
early 19705,

* Maldivian fishermen have traditionally targeted juvenile yellowfin and
other small surface-swimming tunas. Although large yellowfin were presil
in Maldivian waters, most fishermen did not targei them. This was becaisé
the fishermen could achieve higher catch rates using pole and line ﬂ‘l]
because there was no specific market for such large fish. Within the last #%
years, however, markets (both domestic and export) have developed H
large yellowfin. As a result, some Maldivian tuna fishermen are

d
targeting these fish, and it has become apparent that large yellowfn de

Sail P/l MechPA Towml PL  Trolling Misc Total
{790 - 1,799 19 o 1,989
1,081 = 1,081 [ a6 o 1,237
1,940 - 1,540 136 ; 2,076
5234 - 5234 241 . 5475
1868 = 1568 260 | 4,128
3348 [fd 3512 262 3,774
3,569 212 4 481 410 5 4,891
2.530 1,593 4123 350 o 4,473
1324 1,890 3214 370 g 3,584

733 1959 3692 57 a 4,289
471 3176 1647 382 = 4,224
273 4,467 4,740 544 i 5,84
167 3,603 3,770 234 o 4 (04
112 sH72 5,984 257 Tt 7241
76 HH18 f1 B9 230 T.124
B2 5715 5,797 M2 7 6,066
22 5178 5,200 121 1] 5,321
8 hadd 6,531 137 2 6,670

12 366 G378 154 3 6,335
‘B s 5978 103 1 6 (182

5 3775 5.230 50 0 5280

3 7648 7654 35 2 e |

11 8628 R 639 57 1 697
17 100 (M0 10,023 B3 4 194,110
B 12,854 12,867 259 i 13,126
32 12,319 12351 15 0 12,504
14 12,275 12286 151 3 12,440
9 12,838 12,847 184 0 13,028

associate with dolphins in Maldivian waters.
This association has recently been reported on by Anderson and SHf

(1998). They note that large vellowfin tuna (Thunnus atbacares) 'ﬂ#
regularly found in association with dolphins in Maldivian waters. =
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Table 3.2 Recent recorded caiches of large and small yellowfin tuna, by
region,
Source: EPCSMOFA datn compiled by MRS

1954 | 9us 19406 1947
Sinall wellowfin
Narth 8241 5138¢ 42631 5,089
Centre 4,630 38821 35431 4,061 ¢
suuth 1630 4 1,638 ¢ 22131 1,902 t
Tual 121030 HL658 1 106241 FEOS2 1
Large yellowtin
Murth 4711 LV 2621 3371
Centre 1751 LISt 12121 10374
Soutl 3171 3791 G431 5B
Teital L33 1 1LE47 1 22161 1,971
Total Yellowtin
Marth B:208 1 549114 4,524 54471
Centre 4 8141 48971 4, 7601 5,008 1
Sooth 2017t Zai7t 31551 24851
Total 13426 1 125041 (2,440 1 13,024 |

Table 3.3. Average regional cateh rates (kg/day) for yellowfin tuna by
different vessel types and time periods

Source. MOFAERCS data campiled by MRS

Wit Marth includes awolls from HA o Lh; Centre from K ta Th; South from Lto S

Vessel Type  Propulsion Years Cateh Rty (kgdday )
. Narth Centre Sauth
Trolling Sail 97074 Ll 10 4.0
Sl (97578 ey ] 9.9 64
Sail |479-83 19 T2 57
Soil & Mech | 48045 L3 23 3l
Pale and line  ~Sail 1970-74 162 161 52
Sail & Mech 1597578 0T A58 134
Mechanized 197983 788 42.8 10 3
i 3
Mechanised 195905 481 S4.6 e i
6

fle 3.4. Average seasonal catch rates (kg/day) for yellowfin tuna by pole
e vessels for different areas and time periods

e: MOFA/EPCS data compiled by MRS

SW monsoon season Tnsts from June 1o Owober; NE monsoon from Decertibier 1o April

197074 1975 1579-53 | 9EFTS
Suiling PA Mived P/ Mech P/L Mecl M1
W NE 5W NE W NE SW ME
2.9 172 SR ez a0 pLE] sr.2 498
Xl 159 b 56,5 135 7 ST 459
(AR 1T 123 5 e 11 414 s Tid
6l hd 1961 2Ly 1623 11 T3 nl
(AThY LA L 286 0 1184 3 [[EART e
EE | 46 125 T 104 ng R A

3.5, Average seasonal catch rates (kegfday) for yellowfin tuna by
2 vessels Tor different areas and time periods

MOFAEPCS din compiled by MRS

‘monsoon season lnses Brom June to October: NE monsoon from December o April

197074 197478 197943 198%.95
BN W NE W NE W ME
1.5 [ | i | id I (i 14 34
06 I8 =1 7 Lo (153 0.7 14
{Ldi-M) | 5.4 137 e 15 o8 (P 12
0.4 7 EX §2 43 as 22 18
14-Th 48 13 ma .l 4 a0 It 1.4
1% 52 £y T2 14 0a 14 22
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Table 3.6, Catch and catch per unit effort (CPUE) for yellowfin tung by
standardized (mechanized) pole and line vessels.

Source; MOFAEPCS dota, compiled by MRS

MNate: Cateh 5 total masahon: catch, and masafioni eifort is standardized s in seetion .51 3,

Indices of catch per unit effort (kg per mech. masdhoni day) for
tma caught on the EAST coast during the NORTHEAST

PCS data compiled by MRS
toll, Male town, Lhaviyani Awll. Months: Dec, Jun, Feb and March

Yeur Cnich Stoandardized CPULE
0 - (kg/iday) Catch Fffective effort CPUE
70 174 95,711 19 3 {t) {mech masahon d) (kg/day)
1671 (81 Bd,619 13
1972 | 940 79,272 24 131 3967 33
1973 5,234 107,639 44 64 4,558 15
197 3,508 101,681 3R 147 4,642 3]
|25 1312 64,104 9 430 6,227 80
1976 4481 9k 570 45 321 6558 50
1077 4123 §3.972 44 T 5674 137
206 . 5954 50
1678 3214 78.311 41
16979 3.602 84,133 44 GEE 5,747 119
1980 3647 ERAOE 4 418 6235 67
1981 4 740 R7 104 54 278 4045 6
1982 3770 GE.O67 k1§ 396 6,807 58
(L Sk 1170964 54 539 7437 ”
1984 f.804 153,848 45 156 6,463 29
jogs £.707 164,054 35 17 7,947 63
1986 5,200 165,148 i 1,234 12,373 100
g 6531 163,549 a0 1108 ik o
148y B3 78 191,727 7 1516 11,371
148 5978 193,141 1l 1,168 11,219 104
T L=ET ., Bm 33
19460 5230 204,528 2% 284 1 ; o 4
1691 7654 212202 35 571 12,36 e
1962 f,634 221,193 3% 306 11,711
3 : | 1.047 12,028 &7
14993 10,023 242,577 4] g &
1994 11867 145,405 52 ko2 el :
1955 12,351 267,352 a6 1.113 12,156 10
19496 17,2864 268,561 46 1,802 12,066 149
g8 3. <5 1,082 10,738 101
1997 12,847 268,557 48 I 1399 12492 (13
1,159 13,169 RE
g8 99



Table 3.8. Indices of catch per unit effort (kg per mech. masdhoni day) foy
yellowfin tuna caught on the WEST coast during the SDUTHwEﬁ

monsbon.
Souree: MOFA/EPCS dats compiled by MRS
Location: Ras and Baa Atolls. Months; June, tuly, Aug and Sept

Year Catkh Eilective effor CPLj
(t} (mech masdisoni d) (kg/day)
1970 %27 6345
1971 376 4976
1972 1,022 5533
1973 1.814 6,671
1974 1,254 5,553
1975 1.644 12,303
1976 I 205 11,4240
1977 [ 338 9,336
1978 1,131 9,079
1979 1,075 G449
1940 1378 6,313
14981 1 160) 3,047
1982 | B8 5897
1483 2,175 6 T
1984 1527 §.805
1985 1 591 7,820
1946 1053 8,804
1987 2226 B.244
1988 102 7513
1989 D15 1334
1451 47 1,180
(LA 778 0 547
1952 990 14,010
1953 1,178 11,387
1954 1,437 12,684
1995 730 12,586
i) w7 13,045
19457 1,202 12,547

Annual Maldivian catches (t) of yellowfin tuna and higeye tuna

ion, 1970-97.

bacares and T, ohesus) combined, and estimates of bigeye tuna

{1996) and MOFAIEPCS.
and Centre inclodes atalls from HA 10 Dh; the South from Th o 8

Total s Catch Estimated Bigeye Catch
Kouth “Tortal Morth South Total
455 1959 ] 7 Bl
287 1,237 5 45 3 |
306 2,076 10 48 58
53 5475 1 103 130
fobsty 4128 14 108 124
517 1774 14 32 100
T56 4.8 23 119 142
884 4473 24 144l 160
49 1584 16 103 119
10 4,289 20 1z 132
533 1329 20 84 103
131 5,284 42 208 230
500 4,004 19 79 98
858 6,241 £l 136 165
2,159 7,124 27 341 364
1,838 6,066 23 204 37
1,208 5321 23 19 211
| 46 6,670 27 201 Ik
| 844 6,335 26 281 317
1.786 6,082 24 82 306
1,735 5,280 19 274 294
2,894 7311 26 457 484
2228 8,697 a0 is2 388
247 10,110 10 466 505
2,843 13,126 37 450 06
2,653 12,504 44 419 473
3,682 12,440 48 582 430
3,105 13,029 55 491 54
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Fig. 37, Yellowfin tuna - majar siface fishing arsas for juveriie vellowiin
in the sentral Indlan Ocean durng the two monsoens (aftar Andersan, 1888},

P 1 1]
et
ok
5, : 1! Soithakest mohsoon (May 1o October)
1 i ! { 1 ! L 'S | 1
I 1
— ‘--‘-' e
—
= . b, Storrlenst monsoon (Decamber o Marchi
-
| I H i 1 | | 1
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Fig. 3.8

Yallowfin tuna - langth fraquancy distribution of eatches at

seyan localities in the Maldives, 168496 (N=148,285)
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Fig, 3.7 Yellowlin luna - major surface fishing aress for (uvanie yellowdin

in the cantral Indian Ocesn during the two monsoons (afler Anderson, 1885) | Fig 38 Yaliowfin 1ina - langih fraquency distibution of calohes at

-seven locaiities in the Maldives, 1094-86 (N=148 285)
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FRIGATE TUNA (AUXIS THAZARD)
arles Anderson, Zaha Waheed and Ihrahim Nadheeh
DDUCTION

A (dwxis thazard) is the third most important fish species in the
terms of catch weight (after skipjack and yellowfin). It is
y as raagondi. Total recorded cutches have wvaried widely
ean of about 3200 t per year. Total catch climbed to 6500 t in
dropped to only 2500 t in 1997 Frigate tuna contributed an
8% of the total mna catch during the period 1970-97. In 1973 it
1 record 20% to the total tuna catch, 1n recent years the relative
f frigate tuna has decreased, with its conmribution to total tuna
ing less than 5% during the decade 1987-96, dropping 10 a
only 3% in 1997, The bulk of the frigate tuna catch is made
pole and line, although about 10% is caught by trolling.

a is a small species, It grows to a maximum of about 58 em FL in
| Ocean (Collette and Naven, 1983), but only very rarely exceeds
in Maldivian catches. Frigate tuna is found in both neritic and
g, although it is certainly commaner inshore than offshore.

GATE TUNA CATCHES AND CATCH TRENDS
h and catch trends

§ catches by vessel type for the years 1970 Lo 1997 are presented
| and Fig. 4.1, Total recorded catches have varied considerably
ars, without obvious trend. Peaks hive oceurred roughly every
1973-74, 1983-R4 and 1993-96 The greatest recorded annuil
urred in 1973-74 when they reached over 6000 t per year,
o an average of only 1640 t per vear during 1978-81. Only in
atches again approach the record levels set in 1973-74. However,
¢s dropped Lo 8 low of only 2500

age contributions of the main vessel types (o annual catches are
in Fig. 4.2. Pole and line vessels (masdhoni) are by far the most
vessel type for frigate tuna catches. accounting for an average of
of recorded cotches,
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Trolling vessels (vadlu dhoni) also make significant catches of frigate

(Fig. 4.3), accounting for an average of 10% of recorded carches over 3
cntire period 1970-97, The relative importance of trolling vesscls Togg
during the transitional period of masdhoni mechanization, averaging 149, of
frigate tuna catches during 1976-1985, and rising to about 20% in peak
vears (1980-81 and 1985). During more recent years (1989-97) trolling.
vessel catches have been less important, accounting for an average of ayjy
5% of the total frigate tuna catch, This reflects the general decling of the
troll fishery {section 1.2.3),

Frigate tuna catches by trolling vessels (Fig. 4.3) have not varied over
vears in the same way as pole and line vessel catches have (Fig. 4.1), Fg
trolling vessels, annual catches increased irregularly up to a peak in 1985,
after which there has been an irregular decrease. This reflects the growth
and decline of troll fishing effort. In contrast, pole and line vessel caiches
have varied without obvious trend. There are thought 1o be a variety of
reasons for these differences, which are mentioned in the f‘olluwing::
sections,

4.2.2. Accuracy of catch estimates

Recorded catches of frigate tuna, as presented in Table 4.1 and Figure 4.1,
are likely to differ from true catches as a result of inadequacies in the
fisheries statistics systam (section 1.5). For frigate tuna there are two main
problems: underreporting and inadequate conversion factors,

There has been no sampling to estimate underreporting of frigate tund,
Frigate tuna is considered by Maldivian fishermen to be the lcast valuable
of the major tuna species, so the degree of underreparting 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 15%
respectively. as a result of underreporting, It is therefore supgested that
underreporting of at least 20% occurs for frigate twna catches. I is possible:
that underreporting is a more serious problem now than in the past (i&
during the 1970's) because the changing pattemn of island life has resulted h._;
less importance being attached to civic duties such as reporting fish cateh
(Anderson and Hafiz, 1996).

During the period 1970-87, single average weight conversion factors Wore

used for hoth kawakawa and frigate tuna. These were higher than clﬂ‘fﬂ.‘_:
estimates of average weight for frigate tuma, 0.95-1.0 kgrfish then. as
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{ kg/fish now (see section 4.5.2). It seems likely therefore that the
ppropriate conversion factors may have inflated catch estimates
7. This overestimation may not be as high as it appears, since
satl sampling (Scholz et al., 1997) has shown that an average
anversion factor of about .82 kg/fish may have been appropriate
5 1994-96,

y. during [970-87 underreporting of frigate tna catches may
ess than it is now, and may have been roughly compensated for
of inflated conversion factors. Since 1988, underreporting has
and possibly got worse) while conversion factors are thought w
appropriate, or even on the low side, and so reported catches are
underestimates of true catches.

the recorded catch of frigate tuna by trolling vessels in 1985
autly between the MOFA (683r) and [PTP (397t) datbases; the
¢ is used in Figure 4.3, but the MOFA figure is used elsewhere
for the discrepancy hetween the two databases is not known.

I PER UNIT EFFORT (CPUE) TRENDS
National trends

with using CPUE as an index of abundance for tunas are
ed in section 1.5.2, In the case of frigate tna there is an additional
51';]31 should be kept in mind, OF the four main tuna species, frigate
rabably the least valued by Maldivian fishermen, It is not favoured
consumption, not it is favoured for processing, Because of this,
i schools are sometimes not fished by Maldivian fishermen.
f rood catches of other species can be made. Theretore, CPUE
§ might be patticularly poor indicators of abundance for this

and line vessel caich rates have varied considerably since 1970,
within the range 10-25 ke/day (Figure 4.4). CPUE peaks n
1983-84, 1993 and 1996 correspond (o the peaks in total catches
i Figure 4.1, With the exception of 1996, these peaks correspond
Xifio events (see section 4.4 below). There was also a minor peak in
line CPUE in 1977, Peak annual average catch rates were nearly
for sailing masahonis in 1973, and roughly 25 kg/day for
et mascdhanis in 1983 and 1993, Sailing masdhoni data are only
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included up 1o 1985, by which time the majority of the remaining
mechanized vessels are believed ta have diverted from pole and line yy.
fishing to reef fishing. The annual average catch rate for mecharipeg
ntasdhonis during the decade 1986-95 was about 13 kg/day. :

yessele, fishing effort has deereased and CPUE has increased. A
CPUE with incrense in fishing effort (or vice versa) is a classic
fexploitation on a fished stock. The implication here might be that
e tuna stock is small enough to be affected by the Maldivian
ot 10 other wards it is o local stock, not an ocean-wide ane, as is
y skipjack (section 2.8) and vellowfin (section 3.8). Howevet,

Standardized pole and line catch rates are also shown in Fig. 4.4 Evey
on may not be vahd.

allowing for the particularly high caich rates in 1972-73, there appears th!
have been a net decrease in standardized pole and line catch rates gver
period 1970-97, If this is a true reflection of a decrease in local abundangg
of frigate tna it is a cause for concern. However, it may to some extent py
the result of underestimation of eatch in recent years (see section 423
above) [n addition, the assumption that mechanized masdhoms caugpy
twice as much frigate tuna as sailing masdhonis may not be correct. Friggy
ina is most abundant close to the atolls on the lee side of the atoll -'-‘ha':hi'
(see below). as such it may have been readily available 1o sailing
mascthonis, In contrast, mechanized masdhonis are more able to veniun
offshore and off exposed sides of the atoll chain in search of skipjack and
vellowlin, and so will tend to catch relatively less frigate tuna. The
possibility of a majer regime shifi, from conditions favouring frigate wna
the 1970s to less favourable conditions in the 1990s should also be bome it
mind (section 5.3.1}

mismatch between the catch rate wends for the masdhoni and the

fleets Standardized masdhoni CPUE decreased from the 1970s
L 1090s, while vadhu dhoni CPUE increased over the same time period.

s no sugeestion that the two feets are exploiting separate stocks,
it is possible that the two fishing methods are targeting different
ats of the same stock. Forexample, molling may on average take
size (age) fish than pole and line. There are few data to test this

since length freguency data from rolling and pole and line
& not normally recorded separately, However, limited sampling at
hi in 1983-84 (Anderson and Hafiz, 1985b) where caiches by
s were kept separate, does suggest that trolling tends 1o catch
gte tuna than pole and line. This is something that requires

stigation.

elv, there may well be some problem with the estimation and/or
of catch rates. For vadfu dhonis, it is possible that the recent
in trolling catch rates associated with the drop in fleet size is a
the least efficient trolling vessels (or fishermen) leaving the troll
addition, mechanization of some trolling vessels will have
@ average [ishing power of the fleet (although as noted above
Jht have had a direct positive effect on frigate tuna catch rates). In
[ the pole and line fleet, it is likely that mechanization of the fleet
shermen to catch more of the more desirable tuna species and thus
to ignore some frigate tuna schools.

Trolling vessels cawch rates were low during the period 1970-82, averaging
only 2 kegfday (Fig. 4.5). Since then they increased to an average of aboll
7.4 kgiday during 1994-96. However, vadhn dhoni CPUE dropped (o 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 {ség
section 1.2.3 and Tables 1.4 and 1.5), The increase in ¢atch rates might bea
result of the least efficient vessels and fishermen withdrawing from the moll
fishery. The recent mechanization of some trolling vessels does not uppﬁfi;’:':
10 have contributed 1o increased catch rates. The average annual fripate i
catch rate: by trolling for sailing vaelfe elhonis during 1990-95 was 47
kg/day, compared 1o 3.6 kg/day for mechanized vadhu dhonis, The reastl
for this difference is not known, but mechanized vadiu dhons may be mofe:
likely to targer either larger pelagic fishes (e.g. wahoo dnd sailfish) er reel.
fishes. The reason for the dramatic drop in catch rates in 1997 is not knowfl

uidinal Trends

1 appears to be commoner in the north of the Maldives than in
' (Anderson and Hafiz, 19835a; Anderson, 1992). Catch rates for
final zones during four time periods are summarized in Table
n of change from north to south is remarkably consistent. In
ime periods. for both trolling vessels and pole and line vessels,
re highest in the north and lowest in the south. For both vessel

The relationships between lishing effort and frigate tuna CPUE for pole Eﬂ‘J
line and trolling vessels are (Hustrated in Figs 4.6 and 4.7. Although there =
considerable variability, ‘over the entire period. 1970-97 standardizeds
mascthont fishing effort has increased, and CPUE has decreased. In contrask
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types, caich rates in the central Maldives were only about half of thoge ;-
the north. In the south, catch rates were on average only one tenth of thoge
in the north,

Which factors influence the latitudinal cline in frigate tuna abundance are g
present unknown, but this issue is discussed in section 1.4.1. TFor fi|
tuna, the Veimandhoo Channel between Thas and Laamu Atalls appears o
mark a division linc between north/central and southern regions. Thaa Ay
has a moderately high average catch rate typical of the central atolls, and
pattern of seasonal abundance shared with Ari, Faafu and Dhaalu Atolls,
contrast, Laamu Atoll has a low frigate tuna abundance typical of southery
datolls:

Although the general trend is for frigate tuna to be more abundant in the
north and centre than in the south of the Maldives, there are exceptions, For
example, Lhavivani Atoll in the north tends 1o record relatively low frigate
tuna catches. The reasons for this may be that Lhaviyani fishermen have ot
only (in recent the past) sold most of their catch directly to the tuna cannery
at Lh.Felivaru (which purchuses only skipjack and yellowfin) but also have
easy actess all year round to ‘offshore’ fishing areas. In contrast, Gaafy

Dhaalu Atoll in the south tends to record relatively high frigate una
catches. The reason for this may be that fishermen in the south of that atoll

sometimes have diffieulty obtaining eneugh livebait for pole and line
fishing and therefore carry oul trolling for small tunas from masdions
(Thrahim Shakir, MOFA field officer, pers. comm., Decamber 1996),

4.3.3. Seasonal Trends

Frigate luna appears to show a fairly consistent pattern of seasonal
distribution in the Maldives. It occurs most commonly on the western side
during the northeast monscon and on the eastern side during the suuThWi.E'{
mensoon, This seasonal pattern was first noted by Anderson and Hafiz
(1985h).

Anderson (1991) smudied tuna distribution and abundance in the region @
the Vatteru Channel (between Vaavu and Meemu Atolls) during (he nﬁﬂ'l“‘i'l
1985-90, He found the average catch rate for mechanized masdhonts wis
about | 1.3 frigate tuna per day during June to November, but only li-f’.'_
Irigate: tuna per day during January to May. Catch rates peaked at nearly =
frigate tuna per day at the start of the southwest monsoon in June-July.
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audy, monthly frigate wna catch rates in all atolls for all fishing
- each year during the periods 1970-84 and 198997 were
Atolls with similar seasonal distribution paterns were gmupa;i.

oups are detailed in section L.4.1 (see also map, Fig. 1.1).
al summaries are presented in Tables 4.3 and 4.4. The main

Jis analysis are:

orth of Maldives, in Haa Alifu and Haa Dhaalu Atolls, catch
high vear round. In some years peaks occur in the southwest
in other years [0 the northeast season.

eustern side of Maldives, from Shaviyani afl the way down to
it Atoll, catch rates are higher in the southwest monsoon than in
rtheast monsoon. Catch rates usually peak in June-July at the start
west season. Catch ratés sometimes stay fairly high into the
e of the nertheast season,

ectern side of the Maldives catch rates are highest during the
monrsoon season. In Raa and Baa Atolls, carches tend 10 peak
ber-January, while further south in Ari, Faafu and Dhaalu
stehes tend to peak slightly later in January-March.

uth of the Maldives, from Laamu to Seenu Atoll, catth rates ure

Eb-,v. bul they do tend 1o be highest during the northeast monsaon

| distribution of frigate tuna may be éxpliined by a combination
and recruitment {Anderson, 1991). Frigate tuna presumably
ide 1o side of the double atoll chain in synchrony with the
cillating monsoon currents. In addition, at Male. there is often

the numbers of small frigate tuna (less than 30cm FL} at the
' northeast monsoon season and beginning of the southwest
season, ie during April to July (Figure 4.9). This suggests that
nt at the beginning of the southwest monsoon season 15 an
| factor in maintaining high caiwch rates during that season. {See
7 for further discussion of recruitment),

uthwest coast of Sri Lanka, frigate tuna are most abundant d!u'ing
West monsoon season (Maldeniya et al.. 1987). This is consistent
sonal pattern recorded in Maldives
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4.4. OCEANOGRAPHIC VARIATIONS
4.4.1. El Niiio Southern Oseillation Events

Frigate tuna catches and catch rates tend to increase during El Nifg y
(Anderson. 1987 & 1993; Hafiz and Anderson, 1994: Anderson, Haﬁzan&'
Adam, 1996). Pole and line vessel catches and catch rates show peggy
during the strong El Nifto years of 1972-73 and 1983 and in 1993 (the Iy
being during the prolonged 1991-95 event). In these cases, high catehgs
were also recorded in subsequent years (1974, 1984 and 1996). During (he
weak El Nifio years of 1976-77 and 1987, peaks in pole and line eatches and
catch rates were only barely discemible (Fig. 4.4).

More detailed investigation shows that the greatest increase in catch raeg
during El Nifio years is seen on the western side of the country during the
early part of the southwest monsoon season (i.e, May or June to August)
This effect was particularly pronounced during the strong ENSO events fn
1972-3 and 1982-3.

The oceanographic factors that might cause an increase in frigate wna cateh
rates during ENSO events are not known (see section 1.4.3). 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 carch rates at this time therefore suggest increased recruitment
during ENSO events. High catches of frigaie tunas in the year afterag
ENSO event might therefore reflect fishing on a strong year class. In ths
context, the drop in catch rates in 1997 might be interpreted as a re[um_}}t:
‘normal’ Tevels after the prolonged El Nifio of 1991-95, and consequeflt
high catches in 1996, However, the rather limited length frequency dal
available from Malé (1985-1996) show no obvious incresse in the
frequency of small frigate tuna during El Nifio 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 caiches in this way are not known.

4.4.2. Decadal Scale Variations
The medium-term trends in catches and catch rates of frigate wna #%®

discussed in sections 4.2, | and 4.5, 1. Major changes in vadhu dfioni catches
and catch rates (Figs. 4.3 and 4.5) are most easily explained by changes i
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Frigate tuna catches and catch rates by masdfonis (Figs. 4.1,
&) have varied without clear trend over the period 1970-97. The
1073, 1983 and 1996 can be explained by increased catchability
mdance during or immediately afier ENSO ¢vents (see section
). The decadal scale pattern of variations that are so obvious in
ction 2.4.2) and veilowfin (section 3.4.2) catches are not readily
frigate wna. However, Anderson (1993) did note that frigate
rates declined over the period 1983-90, at the same fime as
V;gmh rates also declined and skipjack catch rates increased,
e, inspeetion of Fig. 4.6 does show some concordance between
mascthoni CPUE for frigate tuna and those for the other major
or the level of effort expended, frigate tuna catch rates were
‘during 1984-92, and relatively high thereafter. Thus, it seems
{rigate tuna catch rates are influenced by the same decadal scale
hic variations that affect skipjack (section 2.4.2) and yellowfin
27 catch rates, albeit perhaps less dramatically.

AND GROWTH
_'l'1 Distribution

tends to have a rather limited size range n Maldivian catches
959 of the 57,000 [rigate tunas measured in Maldives during
Juding suspect data from G.A.Vilingill) were within the range
5%, were within the range 11-37 ¢m FL. The average (mean,
dian) length sampled was 34 em FL. Only four of 57,000
were longer than 49 ¢m FL, The largest frigate tuna measured
FL. The largest frigate tuna recorded from the Indian Ocean by
i Nauen (1983) was 58 cm FL.

e Weights

hes are reported by fishermen in numbers, and arc converted to
using average weight conversion factors. For frigate tuna, the
& conversion factors have been used by the Ministry of Fisheries
lture at different times (Anderson et al., [996; Scholz et al.,

19591975 1.0 keg/fish
1976-1987 0.95 kg/fish
1988-date 0.6 kg/fish
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suggest that frigate tuna recruit to the Maldivian fishery at an
rly | year; that most frigate tuna are caught between the ages of
2.5: and that very few frigate tuna over the age of about 3 vears

Average weights of frigate tuna landed at seven locations during 1994.q¢
ranged from 0.57-0.93 kg/fish, with a mean of 0.82 kg/fish (Scholz ¢ al.
1997),

4.5.3. Growth
A TION
There have been no previous studies of frigate tuna growth in the Maldiveg
As noted by Anderson (1987a) frigate tuna length frequency data shoy
periods of modal progression, modal stasis and modal regression; thesg an
the result of the interaction of growth, migration and recrunrn:m
Attempting to resolve the growth component alone is problematic.

of analysis of seasonal shifts in catch rates, Anderson (1991)
frigate tuna migrated from side to side of the Maldivian atol]
with the seasonally oscillating monsoon currents, The results
analysis are consistent this interpretation. Frigate tuna are
ron the ‘down-stream’ or lee side of the Maldives than on the
or exposed side (section 4.3.3). This is presumably related to
ility (section 1.4.2), primary productivity and plankton
being greater on the lee side of the Maldives than on the exposed

As part of this study., monthly length frequency histograms of all availabla,
data were produced. In view of the limited size range sampled, the problem
of seasonal migration, and the often inadequarte sample sizes, it was dccidwr
not to attempt fitting von BertalanfTy parameters (or those of any other
growth madel) to rjw data. Insicad. the histograms were scrulinised for signs.
of model progression from which growth rate estimates were made by eyd
This analysis of modal pI'UUTLSSiDn was limited to the size range 27-4| em
FL. Within this relatively small ranpe it was assumed that growth is mughl?
linear.

n 10 these season movements there may also be a net southward
m? frigate tuna, in some sensons and arcas. As noted above, the
‘tuna catches during the northeast monsoon season in Raa and
cours a month or two before it oceurs in Ard, Faafu, Dhaalu and
Just to the south. Also, sizes of frigate mwna landed ar Malé
Numerous examples of modal progression were noted, with apparent 10 be consistently smaller than those landed further south at
growth rates ranging from 0.5 6 3.0 cm/mo. However, there was o cler Mt should be noted, however, that comparisons of catch rates
mode at 1.0 em/mo within the size range 27-39 cm FL, with a secondary ¢en other sampling locations do not show evidence of such
mode at 2,0 em/mo. Note that the preponderance ol integer vilues B8 ; Oyements.

probably an artefact of the use of | cm histogram class widths combined:
with the fact that very few modeés could be followed for more than a few
months.

been no tapeing study of frigate tuna movements in Maldivian
‘single frigote tuna was accidentally tagged in 1994 during
ir operations (Anderson, Adam and Waheed, 1996). It was
While other crowth rate estimates cannot be diseounted. it is seems likely
that an estimated growth rate of about 1.0 cmi/mo is closest o the true rales
This value is certainly consistent with the results of other studies within 1 DUCTION

region;
] hl:f:n no studies of frigate tuna reproduoction in the Maldives.
Country Length ag age (2m) Girowth rafe m Source mght off the west coast of Thailand, Yesaki (1982) estimated
| 2 E 2nd vear (em/me) frigate wna begin to develop sexually at 33 em, and reach
Sri Lamka 40 IR T 48 118 Jeseph et al. HWE? at 38 cm,
Indin (Keralal 202 421 0.4 | 0% Silig et of, (19%3)

Thailand 26 T 43 0oz Yesaki |£3_|.___ﬂ,é
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Analysis of length frequency data shows two annual peaks of recruiim,
(i.e. peaks of pecurrence of small frigate tuna less than 30 em FL), wh;
sugeests two peaks of reproductive activity. At Malé market these smal|
are most abundant during April to June, at the end of the northeast munmm K STATUS
and beginning of the southwest monsoon (Fig. 4.9). A second peak in
abundance of small fish occurs during September to December, at the othe,
monsoon changeover

' __purpu.w:s Maldivian frigate tuna might be considered to be a

_. and effort data available for Maldivian frigate tuna are not
y be appropriate for use in production model analysis. The reasons
i

At G.Dh.Thinadhoo, in the southwest of the Maldives, peaks of abundanes |
of small fish again oceur duning the monsoonal changeover periods (Fig-,
4.10). Greatest recruitment occurs at the end of the southwest seaspy
{August to November) with a second peak at the end of the northeas
monseon (April). At both Mal¢ and G.Dh.Thinadhoo, peak recruitment
‘occurs in the months before the start of the monsoon season during which
peak catch rates are made. '

sinties over stock boundaries (see section 4.8);

ities over the accuracy of catch data (as mentioned above) and
‘data (as a result of changes in fishing power of the Maldivian

sonal nature of the fishery (see below), which makes the use of
nal and annual totals of catch and effort for such analysis suspect;
variations in catches and catch rates apparently related to
s in oceanographic conditions rather than changes in fishing
t (see section 4.4 above),

At M.Maduveri, south of Malé, there are again two peaks in the occurrenee ‘
of small fish, but these do not occur during the monsoon changeover
periods, Rather, peaks occur in February and August (Fig. 411}
Furthermare the frequency of occurrence of small fish in frigate tuna
catches at M.Maduveri is much lower than at Malé. The significance of
these observations is not known.

and Hafiz (1985a) did carry out surplus production model
f frigate tuna catch and effort data for the years 1970-1983. The
ted a maximum sustamnable yield of about 3700t per wear
it was noted (Anderson and Hafiz, 1985a,b & d) that the many
acies of the data and of the models used made the interpretation of
problematic.

4.8. STOCK RELATIONSHIPS

There has been no study of the stock relationships of frigate umas caughtin
Maldivian waters. During an exploratory offshore fishing survey carried oul
off the east coast of Maldives, some frigate tuna were caught offshore, up t0
100 miles from the atolls (Anderson and Waheed, 1990). This suggests that
there may be some mixing with *Sri Lankan frigate tuna’ and there fore that
Maldivian frigate tuna belong to an Indian Ocean or central Indian Ocea
stock.

these uncertainties, some observalions suggest that frigate tuna
¢ Maldives are being exploited at a high rate:

dramatic and as yet unexplained drop in frigate tuna catches
gen 1996 and 1997,

(una catch rates by pole and line vessels have stagnated during
vears (Figs. 4.4 and 4.5). Catches have not increased by much
: last 10-15 years despile an enormous increase in pole and line
ling effort.

ing vessels catch rates tend 10 decrease with increased fishing
(Fig.4.6),

other hand, some observations suggest that frigate tuna may nol be
erexploited:

On the other hand, higher catch rates tend to be made close to the awl
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 invelved 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 continenis
margins or around island groups (Stéguerl and Marsac, 1989), This suggﬂ“:
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to be by putting crushed lime (Auni, calcium oxide) on the fish’s
e lime will turn blue if the fish is poisonous. It seems likely that
n has arisen between tetrodotoxic (pufferfish) poisoning  and
proxic (tuna/histamine) poisoning, Frigate runa might be particularly
o developing scombrotoxicity because of ils relatively high
of dark meat and ifs relatively small size (promoting rapid
on} compared to other Maldivian tunas. Partly because of fear of
and partly because of its small size and beniness, frigate tuna

es a lower price on Malé fish market than other tuna species.

ounts of scombrotoxic and tetrodotoxic poisoning are given by
1{1988).

=  Frigate uma is for many Maldivian fishermen little mare than hY'Cah:&'
As a result changes in catch may not accurately reflect chanpes o
abundance !

* As mentioned above, there are statistical problems. In particular the
use of apparently inappropriate average weight conversion factors 'm
have artificially inflated catch and CPUE estimates in garlier yeary
and/or deflated them in later years. E!

*  Also as mentioned above, there are very large variations in apparens
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 nung
abundance.

4.10. OTHER INFORMATION

DFAEPCS,

4.10.1. Bullet Tuna —
CBall L MeshPL TomlPE Troliing Mise Tkl
Bullet tuna (Auvis rochei) is very similar to frigate tuna in appearance (see 2775 i 774 248 3023
Collette and Nauen, 1983). It is caught in Maldives (Anderson and Hafiz it s 2849 i A
1085h; MRS, |988), but caiches are not distinguished from those of frigate m; i ﬁﬁ :Eﬁ ) ;{E
tuna. The proportion of bullet tuna in the frigate tuna catch is small, S804 - S84 20 o 6008
probably less than 1% overall (Anderson, 1987a; Hafiz and Anderson, 3713 181 1894 163 . 4057
1994). However, the numbers of bullet tuna in Maldivian catches do appear 1971 448 2419 289 i 2707
to vary from place to place and season to season, so a systematic sampling I?g; Eii ﬁ;ﬁ ﬁ ?22?
programme to estimate its contribution to catches would be desirable. 1 435 904 1429 272 i 1701
207 1084 [29] 3 i 1595
4.10.2. Raagondi kol 141 1156 1207 0 1606
&0 1750 1830 23] 2061
In Dhivehi, the Maldivian language, frigate tuna is known as rad,zc:-nﬁ: ]:: :{:,? i}g ;::; y i?;g
Pufferfishes are known as koli. Pelagic pufferfishes of the senus 70 2071 2141 643 ﬁ 2824
Lagacephalus are known as raagondi koli. Two species have been recorded 130 1300 439 330 ' 1778
from Maldives: Lagocephalus lagocephalus and Lagocephalus sceleraiu '11: E;ﬁg fgfﬁ ;_;l;g 3 :ggjﬁ
{Raﬂdd” and ﬁl‘ldtl’!ﬁn. Iggi}. Rﬂ‘?ganﬂl! kﬂ‘” are, VErY l'ﬂ]'ﬁ{}" caught hf 5 a4 1989 (T8 3 2146
fishermen wolling for small tunas (Anderson and Hafiz, 1985¢: Hafiz 21 160, 2781 238 3 3012
1985). 2 2421 2423 | 54 § 25862
. 32 219 323) 130 ] 3340
There are old reports of people dying from eating raagondi koli, and most f; ;?;2 :3:? igg 13 :ﬁ:{;
Maldivians know that it is poisonous. However, there is wida-spraidi ] 715 3723 202 0 3925
confusion as to what raagandi kel really is. Many people believe I:llm 1] #227 6237 243 5 6483
raagandi koli is a type of raagonds. It is said to be almost impossible 19 2 2415 2417 71 i 2488

distinguish between the poisonous and non-poisonous forms, One way 10 do

120



Table 4.2.  Average regional catch rates (kg/day) for frigate tung by

different vessel types and time periods
Source: MOFA/ERUS data compiled by MRS
Mate: North includes atolls from HA w0 Lii; Centre from K to Th; South frem L 1o §

Vessel Type | Propulsion Years Catoh Rates (kg/day)
MNorth Centre South
Trofling Sail 197074 31 21 G
Sail T975-78 2.0 1.4 s
Sadl 197G-83 34 I | o1
Sail & Mech 198993 33 18 03
Pole and line | Sail 1970-74 0.3 6.3 38
Sail & Mach 197578 29.6 9.0 44
Michanized 1979-83 49 [69 24
Mechmnized 15989-95 26,7 [ 4.4 2.5 _J

Table 4.3, Average seasonal carch rates ( kgf'_day]' for frigate wna by pole

and line vessels for different areas and time periods
Source. MOFALPLS data compiled by MRS
Note. SW monspon season lusts from June o October: NE monsoan from December to Apnil

Fig. 4.1, Frigate tuna - annual catches by vessel type, 1970-97
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"_l-m TUT4 IETEC |UTR 950 (R8T 16md (889 |@ae

W dadhy disoni
Eidech masdhon|
0 3alling masdhon |

R0 THGF 100l 1Eee

Fig 4.2 Frigate tund - percentage contribution to annual caiches by
diffarant vessel twpes, 1870-97

1 adhy dhon |
e Moty rrmadboni
0 Salling ms=dhan|

Table 4.4. Average seasopal catch rates (ke/day) for frigate tung by trolling

vessels for different areas and time periods
Spuree: MOEAERCS dota compiled by MRS .
Nide: SW nomsoon season hasty from June 1o Oetober, NE mensoon from December 1o April

Aren | 970-74 1975-78 197983 | g4 %
SW NE SW NE 8w NE W NE
I—
North (HA-HDR) 13 EEil s 13T 23 - anlas 50
NE (§h=N) L Vet 17 40 B Y7 | R T 42
Contre-gust {Lb-%) 24 12 14 e e 0|12 I8
NW (R-R) 2% 57 11 112 | e 74 56
Centre-west (A-Th) 5 = . O (D o X 14 | 1o 27
South [L-5) nl 0l 00 11 01 o) |oz 04
______-'
|22

) e

1974 16T 1FTE 1mED

1HEZ (D84 10Bg | 19SE 90O G0 1094 Weod

Area 1970-74 |975-74 197953 1989-95
Sailing P11, Mixed P/ Mech /L Mech /L
W NE W NE W NE SW NE
Merth (HA-HIIN) 78275 | 174 3m9 395 72| 126 125
ME (Sh-M) A5 276 | G0 257 1497 328 | Ry 137
Cenre-east (Lh-M) 16,9 54 | 282 4.2 41,4 46 | 27.8 L
NW (R-B) 1400 629 | 29 353 44 495 | 106 342
Centro-west (A=Th) B8 270 b S N 3 16 33 16d
South (L-5) | 45 A 79 6 44 00 45

—

Fig:4.3. Frigale luna - annual catches by troling vadhy dhonie
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Fig. 4.4, Frigate tuna - catch rstes by pole and line masdhonis

1570 ITE 1674 17 1GTR :m 19 B4 fSA (GAR 1909, 1282 18eg 10
Fig 4.5. Frigaletuna- catch rates by trolling vadhu dhonis
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Fig4.6. Frigate tuna- relationship betwean fishing effort and catch
- rala far standardized (mechanized) mesdhonia. 1970-87
50 1673
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B i |
13
a

0 50 oo 06,600 250,000
Fisihirg affert {standardized pole and line days).
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Fig. 4.7, Frigats lunz - mlabonship bstweeen fishing affort and catch
ratas far troling vadhu dfionis, 1870-97

Fishing effort (vadhu dhor days)

-1 En.1llm: T 100000 125 000 150,91 174 5 P00

Fm 4.8. Frigate furia - lengih requsncy distribution of catches t si
Iccations in the HEJHJ'I.I'!! 1864-85 (N=58,858)

Fig 4.9. Frigats funa - landings of smaell fish (Le. <30.cm FL)
al Make' markei. by month [1985.68)
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'KAWAKAWA (EUTHYNNUS AFFINIS)

R. Charles Anderson, Zaha Waheed and Oliver Scholz

Fig, 4,10, Frigate tuna - caich of small fish (Le <30 cm FL) i
al G.Dh. Thinadhoa, by month {1993-96)

DUCTION

eastern little tung: (Euthysnus affinis) is the fourth most
“fish species in the Maldives in terms of catch weight (after

llowfin and frigate tna). It is known locally as faiti. Recorded
increased in recent years, averaging about 3200 t per year
6. However, kawakawa catch dropped to 2100 t in 1997.
wak antributed about 3% of the total national tuna catch throughout
— i = 070-97. An average of nearly 40% of the total kawakawa catch

Fig 4 11 Frigate tuna - catch of small fish {i.e <30 cm FL) : ; i
at M Maduver by manth Hamém | I Jmﬁirt:fm s iy M e i

Parcentage of calch
m

JnnFalerﬁleﬂJUﬂMlmEupﬂctHHElem‘

5 i o i is @ small species, with relatively few individuals greater than
5 af : aught in Maldives. It is also a neritic species, in Maldives
- confined to atoll and near-atoll waters. Biological information on
§ hits been reviewed by Yoshida (1979) and Yesaki (1989). There
£ & comprehensive review of information on kawakawa from the

although some information is presented in a number of reports,
- those of Anderson and Hafiz (1985b), Anderson (1987a), and
Hafiz and Adam (1996).

Jap Feb  Mar  Apt May Jun  Jul

AWAKAWA CATCHES AND CATCH TRENDS
tches and catch trends

i catches by vessel type for the years 1970 to 1997 are presented
5.1 and Fig. 5.1. Catches have increased erratically from a low
ng about 570 t per year) in 1970-72, to a record high of nearly 3800
owever, total recorded catch in 1997 was only 2100 t.

trates the relative contributions of the main vessel types to
es. In contrast to the other major tuna species in the Maldives
taken mainly by pole and line masdhonis), the trolling vadhu
0f great importance for kawakawa catches. A total of over 38% of
kawakawa catch during 1970-97 was taken by vadhu dhonis. This
ctually underestimates the traditional importance of vadhu dhonis,
troll fishery has all but collapsed since the mid-1980s (section
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1.2.3). During the periad 1970-85, vadlhu dhonis accounted for an ave
of 62% of the kawakawa catch. In 1977-78, when vadhu dhomy fishing
effort was at its peak and masdhon: fishing effort was al a low ebb dur
the transitional period of masdhoni mechanization, vadhu dhonts BCCOUNa
for a record 83% of total kawakawa catch. Actual catch of kawakawy |
vadhu dhonis peaked in the early 1980s (Fig. 5.3), when the catch averagad
over 1000 t per year. Since then vadhu dhoni catches have declined. 1o Juse
220 t in 1997, During 1992-97, since the collapse of the troll fishery, vadhy
dhonis have accounted for an average of just 13% of the total kawakawg
catch. During the same period, mechanization of the vadiu dhoni flect hay
procecded apace and the catch of kawakawa by sailing vadhu dhonis has
‘dropped to just a half of the total vadhn dhoni catch (Table 5.2).

Pole and line masdhonis accounted for an average of 62% of the (o}
kawakawa catch during the period 1970-97, but just 41% during the twg
decades 1970-49. The replacement of sailing masdhonis by mechanized

masidhams following the start of mechanization in the mid-1970s i
reflected in kawakawa landings (Fig. 5.2). However, for kawakawa 1.114
changeaver was less dramatic than it was for other species. During 1980-85,
sailing masdhonis caught 15.5% of the total masdhoni catch of |\.EIW1|(BWE,:
but only 1.7% of the total masdhom catch of skipjack tuna. This difference
llustrates the marginalization of the sailing masdhonis and their relegation
o wolling 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. 3, a
Average annual catch of kawakawa by mechanized masahonis during 1984
87 was just 620 t During 1992-97, kawankawa 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 to just
1860t in 1997,

5.2.2. Accuracy of Catch Estimates

Recorded catches of kawakawa, as shown in Table 5.1, are likely to diffef
from the true catch as a result of inadequacies in the fisheries statisties
system (see section |,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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rting. There has been no sampling to estimate underreporiing of
bur it is considered by Maldivian fishermen to be a less
pecies than skipjack. On this basis alone, it i5 suggested that the
nderreporting of kawakawa calches is likely o be greater than
ition, it is likely that trolling catches are underreported to a
than pole and line catches. It is also likely that the degree of
ng has increased in recent years as a result of changing aftitudes
gs in the islands (Anderson and Hafiz, 1996) It is therefore
| that underreporting of at least 10%6 oecurs for kawakawa catches,

are reported by fishermen in numbers; and are converted to
ing average weight conversion factors. For kawakawa, recent
gggests that an average weight conversion factor of about
s appropriate (Anderson, 1988; Scholz et al.,, 1997), However,
sars 1970-1987 conversion factors of 1.0 and 0.95kg/fish were used
). [t is possible therefore that the weight of kawakawa caiches
gen underestimated by aboutl 10% in those years.

ary, it is suggested that there is underreporting of kawakawa
ing 1970-87 this source of error may have been compounded by
denated conversion factors. Since 1988, conversion factors are
o be more appropriste (although still far from perfect), but
ing may have increased. Therefore, reported catches of
: Jikely o be underestimates of true catches, perhaps by about

H PER UNIT EFFORT TRENDS
nal Trends

ne calch rates have increased erratically since 1970 (Fig. 5.4).
juldar increase in kawakawa catch rate with increasing masdhoni
it is illustrated in Fig. 5.6. CPUE peaks in 1973, 1982-83, 1993
all correspond to catch peaks (Fig. 5.1). With the exception of
‘were all Bl Nifio years (scction 5.4.1). During the decade 1970-
masdhonis averaged catch rates of about 1.6 kg kawakawa per
1993 and 1996 mechanized masdhoni catch rates peaked at
g kawakawa per day. It is difficult 10 explain this enormous
aply in terms of increased fishing power, Other factors 1o be
ceount include:
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= Possible large-scale oceanographic influences affecting kawakayy
abundance or availability, Decadal-scale variations are discusseq i - :
section 5.4.2. However, an additional consideration is the possibij; irees Jower than in the north and centre,
of' a shift from a regime of high frigate tuna catch rates (Fig. 4 4) 5.
low kawakawa catch rates in pole and line fishing areas in the Iqmq-;_
to the pppesite in the 1990z,

1o be little difference in kawakawa abundance between the north

dinal distribution of kawakawa is very similar to that of frigate

n 4.3.2), Both species are relatively uncommon south of the

Channel, which separates Thea and Laamu Atolls (section

e Increased marketability of kawakawa in recent vears afﬁsr::iﬁg:
fishermen’s willingness to target this species. MIFCO stared
buying kawakawa in latc 1993, and private businessmen have begy
buying it to make Maldive fish.

nal Trends

awa catches and catch rates tend not to show the marked seasonality

¢ Inadequacies in the method of standardizing masdhoni effort, This i eristic of the ather major tuna species in the Maldives.

based on total tuna catches (section 1.5.1.2), and may not be
entirely appropriate for kawakawa, 1f the peak catch rates
associated with ENSO events are excluded, the net increase n
standardized kawakawa catch rate by masdhonis from about 28
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).

for pole and line vessels are listed by area and season in Table
wolling vessels in Table 5.5. For pole and line vessels there is
pattern of seasonal variation in kawakawa catch rates throughout
he country, particularly n the north and south of the country,
in the centre-east (i.e, Lhaviyani to Meemu) average catch rates
higher in the sowthwest monsoon season than in the
5t season. Part of the explanation for this seasonal difference may be
en (in Malé Arall at least) report fishing: closer to the atolls
2 gouthwest monsoon season (when the sea is rough) than during
st season (when they venture further offshore in search of
and large skipjack schools). In other words, the seasonal
/in catch rates may be the result of changing patterns of fishing
, rather than seasonal variations in abundance of kawakawa.
y, there may be a real ingrease in kawakawa abundance in the
mansoon season in this region, perhaps associated with a peak in
(see section 5.7) and/or inter-atoll migrations (see section 5.6).

Vadhu cfhioni catch rates have also moreased erratically since 1970 (Fig.
5.5). Most of the increase has occurred since 1978, Since that time, vadfn
dhom fishing effort has dropped dramatically, from some 177,000 daye
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 durmg the
1980s. The increase in kawakawa catch rates over time by trolling vadh
dhonts is seen in all regions (Table 5.3). In the last few years both vadi
dhoni fishing effort and kawakawa catch rates have stabilized. However, e

1997 drop in mascdhoni catch rates s also seen in vadhu dhoni catch rates, ) ] A
‘the explanation for the apparent increase in pole and line catch

kawakawa during the southwest monsoon in the centre-east
is 15 in direct contrast to the findings of Anderson (1991). He
seasonal variation in mechanized pole and line catch rates in the
the Vateru Channel (between Vaavu and Meemu Atolls) during
d 1985-90. In that study, variation between years for particular
as found to be greater than monthly variation within years. The
¢y between the findings of the two studies may in part be due 1o
NCes in the way the data have been lumped.

5.3.2. Latitudinal Trends

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

Average catch rates for different time periods, for both trolling and pole ‘“&_
line vessels, are summarized in Table 5.3. Trolling catch rates tend 10 be
slightly higher in the north than in the centre, while pole and ling catch rate$
tend to be slightly higher in the cemre then in the north. Owverall ther®.
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I eontrast to the pole and line vessel catch rates, trolling vessel eatch

show clear seasonal variation, Throughout the entire north and centre

of the eountry, wolling catch rates are consistently higher in the southwagy
monsoon season than in the northeast season (Table 5.5). Singe mﬁﬂ.
wrolling has been carried by sailing vessels, this may be a result of betray
sailing conditions during the southwest season (when wind speeds tend g
be higher) than in the northeast season. The highest catch rates tend 1o pe
made at the beginning of the southwest monsoon season (May and Tuney,
when large numbers of small kawakawa are present (section 5.7). Table 55
shows that trolling catch rates in the centre-west of the country (Ari to Thag
Atolls) tends to be higher in the northeast season than in the southwes
season Closer inspection of the data shows that trolling catch rates for Ari,
Fuafu and Dhaalu Atolls acwally peak in May, during the transition from
the noitheast to the southwest monsoon, '

In summary, much of the variation in kawakawa catch rates that does ocour
may be related to seasonally changing patterns of fishing activity. There
might be relatively lintle seasonal variation in abundance of kawakawa aca
result of seasonal migrations between Maldivian atolls. Since kawakawa ig
nol an open ocean species, but is closely associated with the atolls, this #
not unexpected. However, it is possible that there are relatively small-scale
movements of kawakawa (e.2. from side-to-side of individual atolls) that
cannot be resolved with the data available (which are ageresated by amll)
but which would be known to experienced fishermen. Strongly seasonal
recruitment patterns also play a role in determining seasonal catch rales
(section 5,7)

54. OCEANOGRAPHIC VARIATIONS
5.4.1. El Nifio Southern Oscillation Events

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

In this siudy, intreased catch mates in' El Nilo years are confirmed:

However, no obvious scasonal or regional change in catch rates associaied
with ENSO events are discerned. Catch rates of kawakawa during El Nii¢
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‘| Mifo years are summarized in Table 3.6. Over the entire period
b rates by masdhonis were nearly 60% higher during El Nifio
during non-El Nifio years. For vaahu dhonts. catch rates were on
oy higher during E1 Niflo years. Because there have been great
'u_shing patterns and fishing power over the period 1970-97,
over stich & long time period may be misleading, Therefore,
are also made between catch rates during ENSO events and the
the cateh rates in the vears immediately before and after. For
‘cateh rates during Fl Nifio years were 3-85% higher than the
of catelr rates in the years immediately before and after. For vadhy
el pates were 6-44% higher during El Nifo years,

1l

adal Scale Variations

a8 s knwakawa carches over the period 1970-97 are dominated by
fall of vadhu dhomi catches during the 1980s, the rise of
misdhoni catches during the 1990s, and the effects of ENSO
Jess eusv Lo discern other trends in kawakawa catches that might

to decadal-scale oceanographic variations than it is for
yellowfin tna (sections 1 4.4, 242 and 3.4.2).

5, it is clear from Figo 5.6 that masdhomi catch rates were
lower than expected for the amount of fishing effort carried out
R4-91, but higher than expected during 1992-96. These perinds
josely with the alternating periods of high and low skipjack and
cateh rates that have been associated with decadal-scale
variations: The decrease in - kawakawa catch rates by
during the early and mid-1980s and subsequent inerease in the
and early 1990s has been noted previously, and atributed to
ale oceanographic variations (Anderson, 1993; Hafiz and
_ 1994: Anderson, Haliz and Adam, 1996). Maldivian kawakawa
(and therefore presumably also abundance) do. therefore appear
ced by the same decadal scale oceanographic variations that
el rates of the other main tuna species.

lity of a regime shift, from a period of high frigate wna and low
catch rates in the 1970s to the reverse in the 1990s is mentioned
section 5.3.1. With no independent evidence to support this
5 it is not discussed any further here.
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5.5. KAWAKAWA SIZE DISTRIBUTION

5.5.1. Length Distribution

A summary length frequency distribution for kawakawa measured at g

sampling sites during 1994-96 is given in Fig,5.8. 93% of the 133%
kawakawa measured were within the range 26-48cm FL. 50% were w{,hﬁ"
the range 32-42¢m FL, The mean length of the sample measured was 3§ !
FL. The smallest kawakawa measured was 15em FL, and the ImgasE B
63cm FL. -

These size ranges are similar to those reported in previous  stugjs
{Anderson and Hafiz, 1985b; Anderson, 1987a; Anderson, Hafiz and Adam,
[996). However, the largest kawakawa reported by Anderson (19874) way
7dcm FL. That individual was measured at Malé market in January 1986:4
second individual of T4em FL was measured at Malé markel in Januu;g
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 al,
1982). The maximum length for this species is reported to be about | 00
FL (Collette and Nauen, 1983),

On the basis of limited catch sampling at B Eydafushi during 1983-85
Anderson and Hafiz (1985b) noted that there was no obvious size difference
between catches made by trolling vessels and those made by pole and line
viessels.

5.5.2. Averape Weights

Tm_:a catches are reported by fishermen in numbers, and are converted 0
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 2t
al., 1996; Scholzeral., 1997)

1859-1975 1.0 kgffish
1976- 1987 0.95 kg/fish
19881996 .1 kgfish
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ge weights of kawakawa landed at seven locations during 1994-96
0.6-1.5kg/fish, with a mean of |.12kg/fish (Scholz et al, 1997).
 weight estimate is in good agreement with the average weight
| factor currently being used by EPCS. However, the relatively
al variations in average size (sections 5.5.3 and 5.7, alsp Fig.
that the use of annual average weight conversion factors is likely
significant errors in catch estimates. As an example, kawakawa
it Malé market during the first quarter of the year weigh an average
ki gach, while in the seeond quarter the average weight is only 0,88
cholz et al,. 1997). See also Fig. 5.9,

heen no previous studiss of kawakawa growth in the Maldives.
by Anderson (1987a), Maldivian kawakawa length frequency data
periods of clear modal progression, but cases exist where two
ets of modes converge. Such cases are the result of the interaction
L migration and recruitment; it is difficult to resolve the growth

this study, monthly length frequency histograms of all available
 produced. An example, illustrating sizes of kawakawa measured
parkel between January 1994 and December 1993, 15 presented in
 Attempls were made to fit von Bertalanffy growth parameters o
& using a range of length frequency data analysis programmes
Projection Matrix and Shepherd’s Length Composition
is, all available on a Length Frequency Daia Analysis package,
3.10. developed by the Marine Resources Assessment Group,
College, London, and provided by the British Overseas
ent Administration). Robust results were not obtained. For Malé
Aarch 1994 to January 1995 (when clear modal progression was
ig. 5.10), no programme gave an unequivocal estimate of von
 paramelers. All models gave best fits for unacceptably high
@ (i.e, in the region of 120 cm FL, while the largest kawakawa

Maldives were 74om FL). Estimates of Loe within the relatively
ge 71-80cm FL could be obtained, but corresponding estimates
med the unacceptably wide range 0,37-0.86.

ly, growth rites were estimated by eye for periods during which

inear modal progression was apparent (Fig. 5.10). For both the
arch to December 1994 and March to June 1995, average growih
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d peak in recruitment in September-November is apparent from
rih frequency data (MRS, 1997: Vols. 1, 4 & 5). This suggests that
vo main spawning periods. However, the presence of a few small
a i all months also sugeests that at least some spawning occurs

rate was cstimated at about 1.6 em/mo. This growth estimate applies wirhjy
the length range 28-45 em FL.

Yesaki (1989) reviewed kawakawd growth studies in the Indian Ovean g
wide range of growth rate estimates have been made. The rate estimagyy
here of 1.6 cm/mo (roughly 19 em/year) within the size range 28-45 cm
is higher than that obtained by most other studies (roughly 1.25 cm/yvea),
However, comparable results have been obtained from the Seychelles using
modal progression analysis (Ommanney, 1953). F

(WAKAWA STOCK RELATIONSHIPS

been no study of kawikawa stock structure in the Indian Ocean.
. kawakawa is penerally regarded as a neritic species (Yoshida,
W Collette and Nauen, 1983, Yesaki, 1989), In Maldives, kawakawa is
By nssociated with the atolls, It is also found between the atolls, but is
allv Tound offshore. During a 12 month exploratory offshore
siivey carried out off the cast codst of Maldives (Anderson and
1990, only four kawakawa were canght offshore (30-60 miles east
wani Atoll in November 1988). Larvae are found effshore, but are
nesr continental margins and islands (Yoshida, 1979; Yesaki,
therefore suggested that for most purposes the kawakawa found
hie Maldives mav be considered to be a single unit of stock. The
: mixing between the Maldives and the Lakshadweep 1o the north is
Howi.

5.6 KAWAKAWA MIGRATION

There has been no study of kawakawa movements in Maldivian waters. Ng
tagging has been carried out. Analysis of seasonal changes in kawakaws
CPUE (see section 3.3.3) does not give a clear indication of migratry
activity, Kawakawa catch rates 'in the east-centre of Maldives are higher |n
the southwest monsoon than in the northeast monsoon, This might be taken
ns evidence of migration from side to side of the atoll chain, in a mannep
gimilar 1o that proposed for Trigate tuna (section 4.3.3), However, these
CPUE changes might alse 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. Tt is quite likely that thers’
are seasonal migrations within atolls, but data are not available to test this
possibility.

WAKAWA STOCK STATUS

mentioned above, the kawakawa found in Maldivian waters are thought
i diserete unit of stock. There has been no rigorous stock assessment
aldivian kawukawa resource; However, there is no evidence prior
that the stock was being exploited at o level greater than its
yield (Anon, 1997). There |5 certainly little suggestion of a
n catch rates at current high levels of fishing effort (Fig. 5.6). The
or the drop in catches and catch rates in 1997, for both masahonis
u dhanis, is not known. The fact that the drop in 1997 followed a
chigh catch in 1996 is supgestive of overexploitation. However, the
hles of the kawakewn population, and in particular the effects of
raphic variations, are so poorly understood that it is not yet possible
et the decline in catch in 1997 with any confidence,

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
fargest numbers of small kawakawa (i, <30 ¢m 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, 1985h: 1988 revision) and at L.aamu Atoll
in April 1994 during the second tuna tagging programme (MRS, 1997: V‘fl-'i
2). It therefore appears that there is a major and widespread peak i
tecruitment at this time. This is followed in some areas by a peak in trolling:
catch rates in May and June (section 3.3.3). Many Maldivian fishermea
report the regular appearance of large numbers small kawakawa in Apri
May. They refer to these fish as asciedha kashi latii (or sometimes s sial®
kethi faief), Assidha and kethi ave nokaiy (section 1.4.2) in April and May.
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. Annual catches of kawakawa by trolling vessel, 1989-97

Table 5.1. Annual Maldivian catches (1) of kuwakawa by vessel type, 1970, fo
AERCS.

7.
Soures! MOFA/EPCS,

Catcl by type of trolling vessel (1) Percentage by
Year Saill WL Mech WL Toml P Trolling  Mise m sailing, . Mechanied Total Sailing
- ——— 463 2 483 95t
ki, =25 s i oo pha fil4 17 (iE] 9T%
1971 210 - 230 253 473 103 I 413 a4t
1972 233 & 23 343 59 356 2 37h 5%
1973 574 o 574 514 1088 146 39 475 94%,
1974 397 -- AT 433 LAY 11 108 4 T4,
1573 140 7 7 268 115 oy b 404 18%
1478 |57 £ 191 762 953 ¥ 15 a0 61%
1977 |12 48 160 767 ; 4527 s 10 310 5200
1478 78 55 133 634 ] 708 ) 2
1979 44 73 173 548 i 721
1980 [t 151 95 768 163
1941 14 284 A3 Chi| 1274
1982 |72 CFl| 43 10144 IH47 - :
1983 a8 295 093 1614 2087 e 5.3, Average regional cateh rates (kg/day) for kawakawa by different
1984 49 £46 695 1019 i 1714 es and time periods
1985 ad AN aln 1267 ; 2177 FAEPCS data compiled by MRS
1986 3 76 199 in2 (i Inchudes atolls fram 1A o Lh: Contre from K 1o Thi South from L 10 8
1087 14 548 Sty fiisty 1212
1984 i 0 701 547 9 (257 — —— =H E——
1684 13 811 B24 485 I3 |22 Propuision Neers Catch Rates (kgfday)
1 60f) s 1238 1253 631 7 L1 North Centre  South
190 9 1244 1248 413 | 1677 ;
1992 63 1998 2063 376 2 23 ol e o el i
1994 i 2217 228 421 7 265 Sail & Mech 168995 148 103 I
1905 i 2274 1285 404 3 2642 -
1996 3 334 RELT) 2060 23 T Saiil 1970-74 1.8 27 0.1
(Ee I L Ei 1563 230 a JURH il & Meeh 1975.78 24 2.0 0.1
- Mechanized 1979-43 Al 96 01
Mechanized 198045 7 1.3 03
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Table 5.4. Avernge seasonal catch rates (ke/day ) for kawakawa by pole
and line vessels for different areas and time periods

Soureo: MOFA/EPCS data compiled by MRS

Note! SW monsoon scason lasts from June 10 October. NE monsoon from December i

Table 5.5. Average seasonal catch rates (kg/day) for kawakawa by trolling
vessels for different areas and time periods

Souree; MOFAMPES dam compiled by MRS

NMate: SW monsoon season lnses from June (o Cetober, NE monsoon from December o Annl

‘\I'rij
Arisil 1670174 1975-78 LuTe-E3 W‘
Saifing Tl Mixed P/ Meeh Prl Mech iy
W MNE W NE 5W NE W
North (HA-FDh) G es | 38 43 44 50 | 25 gl
NE (Sh-N} 51 X1 is a4 0.7 94 6.6 (3
Centro-cast ([ h-M) 24 I3 | B s 4.1 i1 b 6
NW (R-B) 11 A 2.0 .7 e 30 12 tH
entro=west (A Th) 16 256 16 LS 17 [ H.3 153
Soith (1-S) 0 01 il i 02 {4 02 1 o§
= -

Table 5.6. Comparison of kawakawa catch rates (kg/day) during EI Nifii

Southern Oscillation events and ‘normal’ vears
Souree MOEATEPCS datn compiled by MES

Yedrs comparci Standardized masahoni calch rates Vaad e effyor etk rais

NS0 M- ENSO Mom- ENSO ENEQ Mon-

FNSO EMSO increse ENSO
197097 [} 43 e 90 Al
T2-T3 Tk 43 75 3% 5.2 4.2
7h THTT 19 I 6% S 39
qI-E3 El&kd 83 i B5% X 8.0
L1 ER& RS 14 1d 3% .0 £9
G204 UTRYS 102 il 2% I35 123
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Aren 1970-74 107578 1979-83 | BT
W ME L MNE W NE bl NE
Morih (HA-HDH) L in 75 5.9 B0 T3 144 o5 |
MNE{(Sh-N) 70 15 e 74 £ 5.4 164 e
Centre-gast (1 1-M) 28 16 hs 5. 510 | o 5 47t
NW (R-13) 1.6 71 £ - 87 70 e [UF
Centre-west (A=Th) 34 10 6.2 8.4 17 7.8 D4 S
Suuth (L%} il i1 (1| 0. 02 0.1 11 [l

Fig. 5.1, Kawakawa - szl caiches by vessel type, 1070-07

W adhy dhoni
|BMech. mesdhan
DO Zalling masdnon

67D 1S7E MATe 1M 1EFD 1EBL 180T 504 1986 1B 19E0  1EsT 1ied 1hEea

Fig. 5.2 Kawakawa - parceniage coniribution (o annusl catches by
different vessal lypes 1870-87

Wi ghent
Eech, maedhani
D 5alliiy mzudion

(R70 eT2 1074 10TE 107 1080 WDER. T 0SB TBES  1EBG

187 1672 1994 1OTR WTH  feSD (EED fOed M0BE  TURS  IGHD  THED  (0BE 1986
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‘ Fig. 5.4, Kawakawa - annual calch rates by poleand bne masdionis.
1970-87

GPUE {kg/day)
s

Fig 57 Hawakawa - relationship between fishing e¥ort and catch
rales fortroling vaohy ghonls, 1870-87:

19

] ——
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Fig. 55 Kawakawa - annual catch rates by trofing vadhs dhonis
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Fig. 58. Kawakawa - lengih frequancy distribution of calches,
at s=van [ocaticns in the Maldives, 108408 [N=12,072) |
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‘ Fig 5.6 Kawakawa - ralationship batwesn fisning effor and catch rats
for slandardized (mechanized) masdhonls, 1970-87
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Fig 5.10. Kawakaws - Monthly lergth frequency distributions at Male, 1884 (FL in om)
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