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'Iﬁirbduction

Deveiopmeﬁt ef'fiéhing 1nddstry'{ﬁ the Pacific island states has been
severly consLlalned by the small local. populatlon, the limited coastal
reef flShEly reSOurces a large numbet of small islands spread over an
EKtEnSlVe area and the hlgh cost of Lransportatlon and marketing.

However,_the troplcal Pacific is rich in highly mjgratory flehery
reéourceo, partlcularly tona and’ skipjack, thanks to the favourable oceanic
ourrents{ Unfortunately most of the island states lack necessary
expertise, Lechnlcal cempetence and capltal to exploit those epecles.
Only foreign fishing flrms, malnly of Japan, U.S.A., U.S.5.R., France,
Koreé;:Tai@an;'Australié, were able to develop these reeources. Though
those foreign ﬁeﬁutures brovided a limited employment oppotunities to
the 15c51 pbﬁuletibn, pértitularlffthose living.around fishing ports,
most of-the pfefit were taken out of the'regiOn by those firms.

“‘Toward the end of the 1970s and at the beginning of the 1980s many of
the 1sland States becane lndependent. Howevér; théy‘are still far from
belng able to achieve economic 1ndependence. ‘Some “of them have
~nat10nallged tuna £1sh1ng industry by establishing a‘ndtional fishery
corporation with a fiéhing fleet, cénning plant and cel& storage with
a view to-expofting frozen and camned tuna. Howcver, because of the
Substanfial fuel cost ine:ease and the'ebftening of international tuﬁa
market,'tﬁose_firms are experiehcing serious finencial difficulty:JICA
S0 faf has extehded its assistance mainly, for commercial Luna fishery
dévelqpmeﬁt, by providing fishing vessels as well ad land-based facilities.
On the other hand the iéiend states have bioiogically productive reels,
lagoons, and mangrove areas WhLCh provide much needed animal protein
and cash income to the local. inhabitants. Reefs and lagoons provide
excellent habitats to sedentary species, such as shellfish and beche-~
de—-mer, and sea, grass beds as nursery grounds for fin fish and others
Those resources, however, are limited and prone to over-exploitation.

_Env1ronmental degradation, caused by coastal zone development and
cutting down of mangrove fofest further contributes to depletion of
those resources.

Restocking depleted or overexploited resources must be intensified.



However, the island people have ne management and mallcultULe tradition,
How to get those people to become management- mJnded is Lherefore a big
challenge for donors. _

Suceessful resLocklng and managenent of deplered resources requlre
thorough lenglCﬂl knowledge of those resources as well as technical Sk111
to rehabilitate and malntaln oceanic envxlonmenL Eavourab]e to stock
enhancement of those resources. _ '

The basellne study undertaken thls time attempted to see how to
introduce the restocking -and management programme not only from blo]oglcal
and technical point of view but also from socio-economic, cultural and .
anthropological points of view.

Field studies were conducted dnring the period from 3 April to 30
Aprll 1989 w1th visits to Tahiti, Tonga, Fiji, Vanuatu, and the Federated
States of M;cron851a. The findings are then revxewed and dlscussed at
a workshop held at Univer31ty of the Ryukyus from 4 to 6 July 1990. As a
result, we feel we have been able to develop a strategy for future
development of fishery resources of the island stateé’in_the tropical_

"Pacific which JICA and other intefésted'donors may wish to consider in
extending future technical aséistance to those states.

We wish to express our deep appfeciétidn to all those who have

collaborated in this effort both in Pacific island states and in Japan.

Signed UTSUKI

Director,'Fdrestry and

Fishery Technical Cooperation
. Division,

JICA -
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Summary

With respect to economic and technical assistance by the Japanese
Govermment for the island-countries in the Pacific Ocean, many fishery
projects have begn_carried out because of the rich_fishery resources in
the region. Paﬁtibularly for tuna resources, the foreign companies
(Japan, Taiwan, South'Korea, U.5.A., Australia, New Zeéland) have operated
commercial fiéhery with little local involvement and participation, due to
.the éhortage of local manpower, lack of local capital and so on.

" However what is the most crucial factor is that most of local wen
seem noﬁ to have working habit necessary fdr commercial tuna fishing.

JICA has tried to demonstrate technical and economic feasibility of a
27 ton pole and line skipjack tuna boat and of bait fishing project dufing
1978 ~ 1981 with much difficulty.

Through the project, we learned that there are still many things to be
done prior to commencement of a fiShery project.

Improvement of infrastructure has been made and an eﬁphasis has been
plaéed on further development of small scale fishery by which people in
the island-countries make their living (Subsistence and artisanal fishery),

The people in.fhe'islanducountfies depend upon the coastal fishery
resource for their food.

‘However, many inshore resources seem to have been over—exploited due
to the pressure of incfeasing population.

Thefefofe, fishing effort should not be increased anymore., Instead
more attention should be paid to management of the existing coastal

.resourcés including prevocation of enviromental degradation and rehabili-
tation of seaweed beds and mangrove areas,

In order tb make fishermen resources management minded, a2 thorough
study of their socioméconomic behabiour and cultural background should
be made., _

Secondly aquaculture and restocking of sedentary species should be
undertaken to increase the availability of these resources.

Consequently a mission was organized in April 1989 to review the
actual situation and suggest a future course of actions for fishery
development in the vegion. _ _

The mission's findings wete.subsequently discussed and reviewed by
a workshop held ét'Univeréity of the Ryukyus on July 4 % July 6 and the

'Eollowing strategy emerged as a result of the workshop.

__1.__.



Strategy for fishery development in
the tropical Pacific region
The objectivés are to iocreaée fish and fish products supply for local
consumption and foreign exchange earnings. '
Technology to be transferréd shouid be adaptable to local COndition.

and sustainable by local populétioﬁ. This calls for a careful study-

of local cultofe habits, tradition, custom and social structure

fefore dec1dlng on a technology Lranefer.

Most of the local populatlon has seagOLng ttadltlon and not farmlng.

Therefore, in principle stocking of depleted 1;v1ng resources should

"be promoted and not fish farming.

Priority should be given to conservation and protection of existing
resources from commercial overfishing, poaching, illegal fishivg and
environmental degradation. - '
Specifically protection/rehabilitation of seagrass beds and mangrove
areas should be promoted. ' ' '

Education of local population as to the importance of resource
conservation and stock enhancement should be Jnten31f1ed

Re50urce assessment and monltorlng of catches should he conducted for

commerc1ally important Spec;es.

Regarding the. resources to be stocked priority should be given to
sedentary  stocks of high values such as giant clams, trochus,

green snail and beche-de-mer, This requires a_careful-study,of
currents and existence of predators to identify best stocking sites
and timing. Enough research is being done on giant-clams but_moré'

research is needed for trochus, green smail and beche-de~mer,

Stocking of larger rivers and reservoirs by grass carp and giant
freshwater prawn (Macrobrachium rosenbergii) could be useful if
conditions are favorable like in Fiji.

Semi-intensive/extensive culture of mullet, rabbit fish and milkfish

~which require little animal pr0teiﬁ feeds could be tried in some

coaStal areas,

When establlshlng a fishery research center in the region, care should

be taken not to duplicate act1v1t1es being conducted in the region.



10.

11.

12,

Tnstead it should coﬁcentrate on development of stocking'or culture

system suitable for local conditions, . A concept of establishing a
network of'rééearch centers through the SPC in collaboration with
JAPAN/FAD Regional Aquaculture Development Project based in Fiji

should be pursued,

In formﬁlating a resources stocking or management programme, a pilot/

demonstration approach should be considered, The demonstration site

.should be carefﬁlly'selected where a strong local leadership
_exists_and where the local population is ready te participate in such

a programme.

The propoesed establishwment of an international fishery training
center in Okinawa Shoﬁld_be strongly supported.

Okinawa is the only fégiou in Japan where climatic and oceanic
conditions are identical to those of tropical island states where

relevant training can be conducted.

Regarding the proposed OPDA assistance to Tonga, the rehabilitated
research center should concentrate on stocking programme for giant

clams, trochus, green snail and semi intensive culture of mullet and

" rabbit fish. It should also deal with fishery resources management

of reefs and lagoons.
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Apfil 3
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12
13
14
15
16
17

18

19
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21

(Mot )

{Tues.)
(Wed. )
(Thuvs.)
{Fri.)
(sat.)
{Sun.)

{Mon. )}
(Tues.)

(Wed.)
(Thurs.)
(Fri.)
(sat.)
(Sun.)
(Mon.)

{Tues.)

(Wed.)

(Thurs.)

(Fri.)

Study schedule for group I
(Anraku, Yamaguchi, Shokita, Sasaki)

Tokyo
Honolulu

Papeate

Papeete

Papeete
Raitea
Rangiroa
Papeete

Papeete

Papeete

Auckland

Tongatapu

Vava'u

Tongatapu

Tongatapu

Suva

visit to the University of Hawaii

courtesy ca1l to "Ministre de la mer' and
'Directeur, EVAAM', meeting with the staff
members of EVAAM, TFREMER and ORbTON
collection of data, reef survey and
observation of facilities concerned

report of the 51te survey, and exchange
of views with the stqff members of EVAAM

and SMA~

courLesy call to 'Director of: Agtlﬁulture,
fisheries and forests', and meeting

with the staff members of fisheries
division, and reef survey

meeting with the staff wmembers, and site
survey at the reef and the lake. Dr, Sudo
joining the Team and making an anthro-
pological study

report of the site survey, and exchange
of views, collection of data :

report of the baseline study to the
Embassy of Japan and JICA Fiji office,
meeting with the staff members of
fisheries division

exchange views with the representatives
of UNDP and FAO



April 22

23

24

25

26

27

28

29

30

(Sat.)

(Sun.)

(Mon.)
(Tues.)

{Wed.)

(Thurs.)

(Fri,)

(Sat,).

(Sun.)

Suva -’

Port vila

Port vila
Aneltyum

Santo

- Aneityum

Santo

Port vila

Port vila

Nadi

Tokyo

meeting with staff members of 'Ministry
of Agriculture, Forestry and Fisheries'
site survey and Dr., Akimichi jolning
the Team and making an anthropological
study at Aneityum '
fisheries resource survey at Aneityum
and Santo

report of the site survey, and exchange
views with the staff members of the
fisheries division, visit to a shell
factory and other related facilities



Study schedule for group'II'
1989 ' (Sudo)

April 3 (¥Mom.) Tokyo

4 (Tues,) .Nadi

5 (Wed.) Tongatapu meeting with JOCV office and staff
: members of the fisheries division. .
6 (Thurs.) staying with a fisherman family at Hoy
' village and hearing of the fisherman's
7 (Fri.) 1ife and observation of their night
_ fishing
8 (Sat.) . market survey
9 (Sun.)
10 (Mon.) collection of data and information
market survey _
11 (Tues.) hearing of the activities of JOCV
12 (Wed.) joint sufvey with the group T and meeting
' wlth the staff members of fisheries
13 (Thurs.) division
14 (Fri.) Vava'u meetiﬁg'with the staff members,_énd site
survey at the reef and the lake, making
15 (Sat.) an anthropological study on the fisher-
_ man's life
16 (Sun.)
17 (Mon.) “Tongatapu
18 {Tues.) report of the site survey, and exéhange
: of views, collection of data
19 (Wed.) staying with a fisherman family at Hoy
village and hearing of the fisherman's
20 (Thurs,) life and observation of night fishing
market survey
21 {Fri.) and making an anthropological study on
: the fishery situation
22 (Sat.)
23 (Sun.)
24 (Mon.)
25 (Tues.)

26 (Wed.)



April 27 (Thurs.) _ meeting with the JOCV and report of Lhe
: sité survey and discussion report of the
28 (Fri.) : site survey to the staff members of the
fisheries division

29 (sat.) . Tongatapu
Nadi
30 (Sun,) Tokyo
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(Mon.,)
(Tues.)
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(Thurs.)
(Fri.)
(Sat.)
(Sun.)
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(Thurs.)
(Fri.) -
{(Sat.)
(5un.)

(Mon.)
{(Tues.)
(Wed.)

{(Thurs.)
(Fri.)
(8at,)
(Sun.)
(Mon.,)

(Tues,)

Study schedule for group III

Tokyo

Port vila

Santo

Malakula

Santo

Port vila

Emae

Port vila

Aneityum

(Akimichi)

weeting with JOCV coordinator

meeting with 'Director of fisheries,
Ministry of Agriculture, Forestry and
Fisheries' :

site survey, collection of data and
information at a free market

meeting with staff mebers of fisheries
division and site survey and anthro-
pological study on fishing right and
possibility of aquaculture

market survey of green snail and trochus
at Luganville '

collection of data at Port Orly

hearing of the fishery situation at
Malakula from fishery extension officer
and the people concerned

gite survey in the Uriviv island

report of the survey to the fisheries
division,; collection of data

preparation for the next survey at
Aneityum

meeting with the stalf member of fisheries
division

interviewing with a village chief

meeting with the group I and preparation
for the trip to Aneltyum

joint survey with the group I and
interviewing with the people concerned
at Aneityum



April 26 (Wed.)
27 (Thurs.)

28 (Fri.)

29 (Sat -)

30. (Sun.)

Port vila

Port vila

Nadi

Tokyo

i

report of the survey, and exchange
views with the staff members of rhe
fisheries division

collection of data

hearing of fishing right and ownership
of reef at the court
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April 3

LN
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1
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24

25

Study schedule for group IV

(Moﬁ.)r Tbkyo

Guam

(Tues.) Ponape

(Wed .}’
(Thurs.)
(Fri.)
(Sat.)
(Sun.)

{Mon.)

(Tues.)

(Wed.)
{Thurs.)

tFri.)

.(Sat.)

{Sun.)

‘(Mon.)

(Tues.)

(Wed.)
(Thurs.)
(Fri.)
(Sat.)
(Sun.)
(Mon.)

(Tues.)

(Asakura)

‘curtesy call to the Agana general counsel

of Japan

meeting with the staff members of the
marine resources division

market survey

stayiﬁg with a fisherman's family and
observarion of the life and fishing
activities '

making an anthropological study in the
way of questiounaire to the Central Senior
High School on fish eating habit.

staying with a fisherman's family and
observation of the life and [fishing
activities

collection of the questicnnaire and
analytical work for it

making an anthropological study in the
way of questionnaire to the Vocational
High School on 'fish eating habit'

collection of the questionnaire and
analytical work for it



April 26 (Wed.)

27 (Thurs.) report of the site survey to the staflf
' ' members and exchange views with them

28 (Fri.) = Ponape
Guaﬁ'

29 (Sa;}). GCuam

30:(Sun.) Tokyo



Masateru Anraku

Tomoya Akimichi

Toshio Asakura

Naoyoshi Sasaki

Shigemitsu Shokita

Kén—-ichi Sudo

Masashi Yamaguchi

Study team

Leader

Ethnologist

Ethnologist

Project Planner

Resource
Biologist

(CrustaCean)
Ethnologist

Resource
Biologist

(Mollusca)

‘Senior Advisor,

Overseas Fishery Cooperation

. Foundation (OFCF)

Associate Professor,

National Museum of Ethnology

Assistant Professor,

National Museum of Ethnology

Deputy Director,
Fisheries Technical CooperatiOn
Division, Japan International

Cooperation Agency

Associate Professor,

Department of Oceanography,
Faculty of Science,

University of the Ryukyus
A . .

Associate Professor,

National Museum of Ethnology

Professor,
Department of Oceanography,

University of the'Ryukyus



List of persons interviewed

1.  TAHITI

(1) Tsoris Léontieff Ministre de la mer de L'Equipment
et de L'Energie

(2). Patrick Galenon Director,

: EVAAM

(3) Adams Gerald : Aquaculturist,

| EVAAM (Rangiroa)

(4 A. Stein : Aquaculturist,
EVAAM (Raiatea)

(5) Stephen Yen : Biologiste, Department P&che,
EVAAM

(6) ‘Simone Grand Directrice, Service de la mer et
L'Aquaculture

(7) - Jacques Calvas _ Head of the Aquacop Team,
Centre Oceanologique du Pacifique

(8) Alain Michel Directeur, Centre Oceanologique
du Pacifique
TIFREMER

(9) 7Paul Vernaudon Présidént Directeur,
Général

2., TONGA

(1) Haniteli Fa'Anunu Director of Agriculture,
Fisheries, and Forests

(2y 'Aleki Sisifa Deputy Director, Agriculture,
Fisheries, and Forests

(3) Semisi Fakahau Principal Fisheries Officer,

Fisheries Division



3‘

(4)

()

- (6)

7
(8)
{9

(10)

(11)

FIJI

()
@
)

(4)

(5)
(6)

(7)

- Tooru

Uluwan Faanuvu
Sarah Langi-

Viliami Léhgi
Sione Hoeakd
Lomio Tonga
Toutal

Uanoa

Abe’

Tadashi Kimura

Robert Gillett
Abdul Latif
Keith_Meecham

Hidevuki Tanaka

Surendra Sewak

Toshio. Isogai

- Yoshio Yoshida

Aquaculture Offilcer
Research Officer, Fisheries Division

Head of Research Officer, Fisheries

Division

Marine Engineer, Fisheries Division

VAVAU

Electrician, Fisheries Division,

VAVAU

Fisheries Extension Officer,

Fisheries Division, VAVAU
Coordinator, JOCV Tonga Office.

JOCV

Fisheries Development Advisor,

UNDR

Deputy Resident Representaﬁive

UNDFP

Programme Director,

UNDP

Regional Aquaculturist
South Pacific Aquaculture
Development Programnme

FAO
Principal Tisheries Officer

Ambassador, Japanese Embassy

".Resident Represéntative,

JTCA Fiji Office



b,

(8).

:Shﬁnichi Mizoochi

(9)  WNobuo Itoi

VANUATU

(1) Wycliffe Bakeo

(2)

&)

(4)

(5)

(6)

(7

(8)

George David

Larry Valence

John Lee

Neil Crysler

Rebert Frosty
Yoshiko Taniguchi

Jean-Michel Guerin

Representative Associate,

JICA Fiji Office

JicA expert '

Director of Fisheries,
Ministry of Agriculture,
Forestry and Fisheries,

Government of Vanuatu

Reseércher, QRSTOM
Department of Fisheries,

_ Port Vila

Fisheries Consultant
MATAI Fish Market, Box 883,

Port Vvila

Manager, Santo Fish, Luganviile,

Espiricu, Santo

Santo Extension Officer,
Tuganville, Espiritu,

Santo

Fisheries Extension Officer,

Lakatoro, Malakula

Coordinator,

VOCV Vanuatu Office

Tngenieur Agrorome de 1'Ensar
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" INTRODUCTION

Tropical islands of Oceania are charaoterxst:oally fringed with extensive
coral reefs and to a certain extent by mangrove forests around the shores.
The people of Oceania have traditionally relied on fishery resources from
reefs as one of the most important protein sources for subsxstenoe After
establishment of contacts with outside eorid, some of the marife resources

from coral reefs, such as beche-de-mer, pearl shells, trochus ete becane
important ezport commodltles for their cash income ' '

Despite.its importanoE-to the people'ofxfhe tropioaT'Paeific, ¥elatively
little attention has been paid to the inshore fisheries until recent upsurse -
of concern about its grim future outlook. Hany fisheries authorities of - '
wember countries of the South Pacific Commission (SPC) expressed thelr
concern and requested 'SPC to assist their needs in research and deveiopment

in this aspect. In response to these, the Inshore Flsherles Research PrOJect
(IFRP) was established 1n 1987 under the SPC Flsherles Programme. This IFRP .
assists to support survegs and assessment of various resources in the region
and held a major Workshop on Inshore Flsherg Resources, in 1988 which -
brought together ftshery specialists and marine hlologlsts from throughout

the tropical Pacific (South Pacific Commission, 1988; Yamaguohl, 1988b).

. This workshop resulted in valuable and comprehensive documentation on the
“status of ihe fishery in the tropical Pacific regien.

Aquaculture has been considered as one of the passible avénues'to developing
fishery industry in the Pacific reg:on (e.g. Brewer and Corbin, 1884).
However, the past performances in aquaculture development act1v1tles ha?e
been rated as poor or unsuocessful in the majority of cases. This is. malnlg
due to more or less inevitable constraints in the small scattered nat1ons_
with poorly- de?eloped 1nfrastructures, swall 1nternal and remote outside
matkets, lack of incentives among the people in subsxstenoe economg and S0
on. Nevertheless, the interest in aquaculture in its broader sense, including
‘stock enhancement by marine ranching etec., is belng revived by estahllshment
of the FAD South Pao:f!e Aquacultare Development Project in 1987.

The majorlty of nations in the troplcal P381f10 depénd heavlly on financial
and technical aSSlStanCB from international, fegional, and individual
national organizations for their research and develoomenf'ln fisheries. Many
of the major aid donors in the region (FFA SPC, UNDP, FAO, USAID and BBDP)
organlzed a joint flsherles strategy mission to invest1gate 0Pp0rtun1t1es

- 20—



for fisheries déyéloﬁmenf assistancé_in the South Pacific (excluding Frehch
and U.S. territories) in 1988. Unfortunately, none of the lapanese agencies
such as JICA and OFCF were represented in this mission.

The- present paper is one of the reporis on a fact-finding mission by the
_Japan_lntefnationa] Coopertation Agency (JICA) on fishery assistance and
coopération in"Oceénia in April 1888 The reef and lagoon resources and
aquavulture were the pain topics of the present mission. Overviews of

these for each 1nd1v1dual country/territory and accounts of major inshore
resoutces: (malnly moiluscs) are presented here as references for those who
‘are concerned with flshery.development in Oceania. The views expressed here
~are those of the author and do not necessarily represent those held by JICA.

1 Overview of Countries/Territories

-?Recognlztng that the South Pacific nations are among the hzghest per capita
ald reclplents in the world, Cole and Parry {1386) pointed out negative '
'aspects_ln_ﬁhe effects of aid in a small econonmy. Development assistance may
cause expdﬁéion of government employment beyond local capacity, raising
wages and salaries and rates of exchange might become overvalued, biasing
‘the ecohomy against etpo:ts and in favor of imports. The smallness would

be the_majoi constraint in dealing with the development in Oceania if we’
maintain the traditional ways and means in assisting economic development.

Indeed, the nations and territories under consideration are small in sizes
of -population and land area, exceﬁt for Papua New Guinea (Téble 1).
Nevertheless, ﬁepu]ation sizes have been increasing rapidly, except for
Ehe_areas with high emigration. Furthermore, urbanization has been extensive
for the most nations and territories. Thus, the subsistence economy of
islands has.rapidly been disintegrating and the cash economy, which is
dependent on aids from entside world, has been established in the urban
centers of each nation/territory.

Many islanﬂ-nafions and territories share the same constraints such as
mentioned the above and they may be grouped according to similaritiies

in eultural and/or geographical backgrounds. However, individual nations
are unique -in their cultdral'heritage.'historg,'re]atiée'sizé, topography,
degree of reef development etc., so that it is impossible to discuss them
as groups of nations in this report. The following accounts will discuss



the general 0verv1eu of each. natlon/terrltory w:th regard to flshery.and
its development, emphasizing inshore resources and aquaculture

Summary of Island Nations in Oceania (in order of_populatinn.size)

Table 1.

Country or Territory  Population Land Area | Aid per
: e ' = sq. Km . | capita

1985 1970 - | Uss 1983

Papua New Guinea 3,328,710 | 2,460,000 | 462,840 | (k60)

Fiji 96,000 | 524,457 ] - 18,2727 -~ © 48 .

Solomon I'siands 270,600 ‘| 160,998 | - 29,785 | = 108
‘French Polynesia 172,500 | = 112,000 4,198 | 1,170
Western Samoa 163,400 | - 144,600, 2,842 172
New Caledonia 158,000 | 100,579 19,068 | 1,246
Vanuatu 142,000 86,000 14,768 . § 213
Guan 115,756%| - 86,926 . 5491 317
Tonga 109,000 [ 87,406 747 | 178

Federated States of Micronesia 86,950 | 57,263 721 o b,018e
Kiribati - 64,000 { 43,578 868 | . 285
American Samoa 35,400 | 27,788 1971 1,615%
Marshall Islands 33,600% | 20,206 205 | (831)
Northern Kariana Isiands 19,110+ 12,258 471 e
Cook Islands 18,200% | 21,822 2871 0 bLY
Palau 15,000% | 12,525 487 -| 1,885x%

Wallis and Futuna 12,391+ . 8,372 255 1.
Tuvalu 8,050% 5,782 . 26 | 525
Nauru 8,000+ 6,927 - 21 |° 0
Niue 3,800+ 5,303 263 | 1,868
Toke fau 1,850% 1,887 12° 300
total (rounded) 5,457,000 { 3,986,000 557,000
' ( %: 1984, +: 1983) (#: 1988)
NOTES : (1) PNG per capita aid of k60 is in Kina (1985), N

(2) Marshall Islands receives a large sum of revenue from the U 5.

miittary sources.

Because g'period ﬁf:ohlf 4 weeks was availahlé_fqr field trips, only four

(Frengh Poljnesia, Tonga,

- were visited by the present.author during this mission,
the remalnlng localities (excludlng Papua New Guinea, Nauru, Niue,
and Futuna) has been accumulated by the author during previous trips to some
of the islands and_through correspondences and ixterature SUTVEYS. -
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1-1 Gountries visited by the study team in April 1989:

French Polynesia

There are around 180 islands, of which 84 are atolls and the most of the
remainder are high volcanic islands, in five distinctive archipelagos:
Sociéty; Tuamotu, Gambier, Marquesas, and Austral Islands (IUCN/UNEP, 1988).
-Tdtal-iagooﬁ_éréa'of'abdut 7,000 sq. Km is greater than total land area of
about 4,000 sq. Km. Total population was estimated at 192,000 in 1988.

 The oapital'Papéeté_is located in Tahiti in the Society Islands.

Lagoon and ‘teef fisheries are mainly at subsistence level in the remote
islands and rural areas outside the urban centers. However, artisanal
_fisheriés'uSingﬂfish weirs in lagoons and also trolling for pelagic fishes
arE”dévélbp{hglfn'supply fresh fish for markets in urban centers (Blanchet,
1985: Mdrizeg-1885; Stein, 19883 EVAAH;jISSS). Among molluscan reef
resourdés}'a“sméfl gianf'clam Tridacna maxima, an octopus, and a turban
snail Tufho?setasus were noted as important for food (Salvat and Rives,
1886). '

Trochus niloticus was introduced to Ffench:Polynesia from Vanuatu in 1957
and it became established as an important resource after opening of its
exploitation in 1871 (Yen, 1985). Trochus was further transplanted to the
islands of other Society Iblands‘and also to those of Tuamotu, Gambier, and
hustral ISIands from 1963 to 1972 (Yen, 1988). In Raiatea/Tahaa, the present
"author saw abundant irochus on the reef, awailing harvest. & total of 1,593
tonnes of trochus shell was harvested in French Polynesia from 1971 to 1985.

Green snail Tarbo marmoratus was also introduced to Tahiti from Vanuatu
in 1967 and has become established but harvesting has not been allowed,

' beﬁdingrrésouICg assBssment'(EVAAH, 1988). Although exploitation of green
snail was banned, large numbers of both polished and unpolished shells of
this-gasiropodfafe offered for sale at the market in Papeete.

People of French Pelynesia extensively use shell necklaces as gifts and
ornaments. Shell crafts and decorative shell specimens are also important in
the tourist trade. Therefore, large quantities of such shells and their
prqdudts'ére found in the local markets. Impressive quantities of a bivalve
shell, Fragum fragum were found among them. Glude (1972) noted its abundance
in certain atolls in Tuamotu Islands. This bivalve shell has symbiotic
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zooxanthellae like tridacnids -but inhabits shallow sand-flats in lagoons -
and reef flats. '

Richard (1977 and 1982) studied production of lagoon and reef molluses

in French Polynesia. In his study, the small giant clam Tridacna magima
was abundant and its standlng stock was estimated as 530 tonnes representing
14 million 1nd1v1duals in Takapoto lagoon (78 sq. km). Standing stocks of

a few other dom1nant_lag00n_b1valves such as A;ga ventricosa at Takapoto
and Cardium (= Fragum) fragum at Anaa Lagoon were also estimated as 340

and 2,200 tonnes. respectively.

Edible local oyster,. Crassostrea cucullata, was once promoted to develop

its aquaculture in Raiatea and Tahaa but is now forgotten after collapse.
due to the problen of parasntlc polychaetes. Transplanted oyster from

New Caledonia (Grassostrea echinata) also falled to he established for
replacenment. Attention has been given to the green mussel, Perna viridis
introduced from the Philippines, in the recent years. A hatchery -of IFREHER :
at Tahiti preduce its spat for cult:vation around the Society Islands
However, suitable farming grounds having good nutrient supply for the
filter-feeder, but without stressfui changes in salinities etc., appear io

be very limited in French Polynesia.

In 1987, French Polynesia 1mported a total of 55.6 tonnes of mussels mainly
f:om New Zealand At present, the IFREHER hatchery has a capacity of spat
prqduction for cultivation of green mussel of up to 30 tonnes per annum,

but actual. productions were 13.4 and 6 tonnes in 1986 and 1887; respectively -
(Bulletin Statistique du Secteur de la Mer, 1987).

The most important aquaculture in French Polynesia- at present is that of
the black- lipped pearl oyster Plnctada margarltlfera and its black pearl
productxon Desplte éfforts by hatcheries of EVAAM in Rangiroa and IFREHER
in Tahiti, artificial spat production has not been successful. A large
number. of fishery cooperatives in many islands of the Tuamotu and Gambier
Islands, therefo}e, depend on natural spatfalls in lagoons of several
islands, such as Takapoto, for production of the shell (Cabral et al.
1985). Heavy mortalities of the pearl oysters by unknown causes have heen
experlenced at closed lagoons since 1385 (Sims, 1988h).

A trial-bulturing.of the seaweed_Euchguma-sp. Was being attempted privately
in the lagoon off Yturea in Raialea. Although marketing of this seaweed



_may be a prohlem, it'greu well at the experimental site. Many islands of
the Soclety Islands are surrnunded by wide and deep lagoons, providing
well- sheltered and relatively nutrient- rlch areas for such cultivation.

Staff'nf EVAAM'expréssed their intérest in introducing the smooth giant clam
Trldacna derasa, p0531b13 from Palau 'As there are abundant habitats for
‘this species to grow, and because the only existing species of giant clams
(T. maxima) is heavily exploited for feod, it would become a good supplement
to the local subsistence fishery.

Tonga

The Kingdom of Tonga consists of a total of 171 islands, 37 of which are
'inhabitéd.~?hese are mainly elevated coral reefs which cap the peaks of two
'parallel submarine'ridges. Several small volcanic islands are found along
the western ridge. These islands are subdivided in three major groups as
‘Vava'u, Ha'apai and Tongatapu (IUCN/UNEP, 1988). The capital Nuku'alofa is
‘located in the southern Tongatapu Island. The total population was estimated
at:94,535 in 1988 but there-are large numbers of Tongans living outside the
country in Canada, New Zealand, and U.5.4.

ExtenSiyewand intricate lagoons are surrounded by elevated and flat-topped
limestone islands in the Vava'u Group. Numerous small limestone islands and
isléts_a!ong with submerged coral banks are scattered in the Ha'apai Group.
Tdngataﬁﬁ is the largest istand of the Kingdom (257 sq. Km,.the'highest
_eIe#ation 82 m) and there are two chains of islets with well-developed
-gotal reefs off both ends of the notth coast. Fanga'uta Lagoon is a shallow
encloSed embayment on the northern coast of Tongatapu. Ezcept for a few in
vblcanic islands, such as "Eua, there are no rivers in the limestone islands
in Tonga.

Se?epal_impo:tant-marine benthic species appeatr to be missing in Tonga.
For example, commercial top shell (Trochus niloticus), and green snail

(Turbo marmoratus) are not found along the Tongan reefs. Red-lipped stromb

(Sirombus Iuhuanus) is likely to be missing in the extensive shallow lagoon

floors and reef f{ats suitable as habitats for the species. This is probably
beﬂause.the island groups are located outside the rich Indo-Malayan Sub-
region of the Indo-West Pacific. Many Indo-West Pacific species are limited
in their distribution to Fiji Islands in the east, not extending to Tonga.



_ Bondurant (188?) reperted ‘the most cummonlg cunsumed and the most preferred
. shells: as Anadara scapha, Turbo setosus, Atrlna vexxilum and Eglggggg $p.

in Vava'u. I found that- the bivalve shell A. sﬁwgha fresh and dried octopi,
tntestines of sea- cucumbers, and giant clam meat were offered for sale at
the fish market in Nuku'alofa. Large quantltles of the bivalve shells of
Qgﬁigglgg spp. were found from coastal middens in Tongatapi, indicating
their avallablllty for prehistoric consumptlon (Spennemann 198?}

Exploitatidh level of shallow inshore resources was considered to be mearly
equal to the maximum sustainable yield, at about 2,000 tonnes per year,
estimated by the Fisheries Divison, the Ministry of Agriculture, Fisheries,
~and Forests (Fifth Five- Year Development Plan, 138¢- 1930 Klngdom of Tonga,
1987). The total potential yield from all sectors of f:sherles if the
pelagic and bottem resources were fully exploited, was estlmated tu be
large_enough to pr0v1de protein needs of the present population of Tonga.

Con51derabke efforts have been made to develop commercial - and artlsanal
fisheries .in the past decade in Tonga, exploiting underdeveloped offshore
and deepwater resources. (Koloa, 1987) These and low net pupulatlon growth
due to emigration, contrlbuted to offset the fishing pressure agalnst

inshore resources. HoHEVer, the relatively more vulnerable sedentary
resources ‘such as giant clams are con51dered to be threatened (McCoy, 1980;
Chesher, 188?) A species of indigenous mussel known as "kuky” (Mudlolus
aurlculatus) vas once abundant in-lagoons of Vava'u and Tongatapu but is now
almest non-existent as a resource.

The Ministry of Lands, Surveys and Natural Resources (Ecolagy Division}, in
1986 . initiated a program to collect and hiald’ larger giant clams in circles
as broodstocks: in natural waters, although the- F:sher:es Division expressed
concern about the effectivenéSS of sﬂch'attémpts'(Langi and "Aloua, 1988).
About 100 clams were originally placed. in twn'circles, at ahout 1.5 météf
distance .to each other of the next 1nd1v1dua1 ta front and offshore of the
central town of Nuki'alofa. Dering the visit, the present author examlned
the site of thls ¢lam circle and’ tound 85 live clams, 5 of ‘which were
Tridacna squamosa and the rest T. derasa, 1.5 to 8 meters in depth on
mudd y-sand bottom. Golors of their mantles were not as vivid as those
found for the animals in clean offshore waters and at Ieast five dead,

empty shells were found in rather turbid water there.



The clam circle at Nuku'alofa is'duesiienable in its function and value
as a braodstock because of its locatlun at umnatural habitat where the
anlmals were likely to be under stress from reduced salinities and extensnver
slltatlon_durlng the rainy season. However, another clam circle established
in Vava'u appeated to be located at an ideal place, if poaching was not a
problem. |

Aquacultﬁre reseérch and development was initiated in the early 1970s,
focuéing on myliets and milkfish in. lagoons of Tongatapu and oysters and
mussels in Vava'u and Tongatapu. Attempts to introduce seedstocks of various
oysters from New Zealand, Fiji, Japan and Tasmania as well as those of green
pussel Perna viridis from Southeast ASIa failed after repeated trials in
Iatter half of the 18?Os and early 19805 hecause of high mortalities and/or
poOT g:uwth etc. as well as poor prospects for marketing (PI1DP, 1984).

Although'there'were some local pearl oyster species, they were not abundant
enough for cultivation of pearls. Tasaki Pearl Company of Japan introduced
fdﬁr_SPECies;of pear] oysters, Pinctada margaritifera, P. mazima, P. furcata
“and Pteria penguin, to Vava'u in 1977. Feasibilty of pearl culture was
asseéssed by trial productions and the company proposed to develop such an

1ndustry by establishing- hatchery production of pear! oysters, on the
. condition of exclusive rights to cultivate pearl oysters in Tonga. The
Government of Tonga denied such rights and instead suggested a joint
venture which has not been realized to date. |

Cuitivatien of fishes, such as native milkfish and_mullets as well as
introduced\mo]lies and tilapia, as food or baitfish all resulted in poor
recerds‘in the.paét attempts.  Although a maricultiure center was donated

by JICA in 1878; near the ezperimenial ponds already consiructed by U.S.
Peace Corps eartier, it did not function Qell due to a lack of trained
personnel and coordinated planning. This facility was severely damaged

by a eye]enefin 1982 and has not been used as such since. Kafuku and Ikenoue
(1987) sugzested rehabiiitafian'ef this facility to develop aquaculture
mainiy of mullets in Tonga.

Cultivation of commercial seaweed Eucheuma spp. was the major aquaculture
project since a pilot culture was initiated in Vava'u in 1982. A joint
ventufe'befween the Government and a-New‘Zealand firm was established in
.1984,_H{th.finaeial assistance for the pfdject from a Commonwealth fund
while teehnieal assistance was provided by New Zealand. '



In 1986, a tutal of ca. 10 tonnes ef drr Eueheuma va!ued at about T$5 000
were harveuted by 20 algal farmers However, the farmlng of the seaueed did
not cuntrnue to develep because of" marketxng problems The present author
visited une of the experlmental farm . 1u Uava u and found it ina state of
NEAT collapse although a catetaker was still uorklng and a-texthook for
cultivation of the seaweed 1n the local language was made by a JOCV- for
promotion uf the farming: (Hatsunaga 1988) . '

Accerdxng to the development plans fur 1986- 1990 Eueheuna mullets and -
tridacnid clams Here listed as target specres for aquaculture research
Trochus was ilsted as a specles for 1ntreduct10n and aquaculture, and also
tocal eysters for pilot- culture; Tu date, none of the abuve_uere studied
thoroughly for development, research on marketing not being considered -

in adraﬂde:'lt apbears'that "intensive aquacuiture” 1s'premature under” the
prevailing crrcumstanees in Tonga Perhaps, more attentlon should be given
to research into conservatron of inshore resources under pressure and also
1ntroduct10n of 7 mlssang ‘reésources such as trochus and red- lrpped stromb
to increase poteniial resources nnt being realrzed by their absences in
the respective habitats,

FAG/UNDP Reglenai Frshery Support Pregramme publlshed a useful fisheries
bibliography for the Kingdom of Tonga (Gillett et al. , 1988).

Tow

Fiji

Fiji comprrses about 844 1slands and islets (of which about 108 are
inhabited), lne}udlng tlie two main islands of Viti Levu and Vanua Levu plus
several larger 1slands such as Taveuni, Kadavu and Gau. Geographle as well
as oceanographic features of many of the islands and assoc1ated reefs are
described by IUCN/UNEP (1988) . The eapltal Suva is iocated at the windward
coast of Viti Levu, the Iargest rs]and of Fiji. The total land area is ca.
18,000 sq. Ko (ca. 90 % of this total by the twe main lslands) and the total
pepulatlen 715, 000 {1887 estrmate)

Reefs are well—deve}uped formrng compIex structures around the maJnrlty of
islands=in’Fiji An extensive barrier reef system is found off along the
northern cuast of Vanua Levu (Great Sea- Reef) Sowme atolls and atoll-like
reefs are scattered in the eastern Lau Greup A]though the !slands of thls
gruup are close to each uther they are ‘often separateqd by deep water,
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down to 1,500 w. There are fringing reefs, sheltered by offshore barrier
-reefs-and*having muddy intertidal flats and mangrove forests along the

~ shore, in some areas in Viti Levu and Vanua Levu. Mangrdve forests of the
main islands are subjected to significant pressure by reclamation for
agricultﬂr&l and other land development (Lal, 1984).

Fiji has been fortunate enough to have industrial fisheries developed

with a tuna cannery and a fleet of off-shore fishing boats, as well as
'commercial'fisherfES exploiting deep—hoitam'resources of snappers and
groupers. According to the annual requt of Fisheries Division for 1988,
Fiji exported ca. 850,000 cartons of canned tuna valued at $46.7 million
énd 244 tonnes of fresh or frozen fish (mainly deep-water snappers) at
$1.26 million. Nevertheless, artisanal and subsistence fisheries are still
of great importance. to the local communifies; both urban and rural. The
outlets for such fisheries are complicated and difficult to be assesse&,
but the Fisheries Division collected statistical data on the small scale
fishery by license system and estipated that 4,748 tonnes of fresh or
frozen fish and 2,113 tonnes of non-fish resources were'sold through
various outlets in 1988, including direct sales to hotels and restaurants,
-roadside sales, etc. On the other hand, a reliable estimate for subsistence
catch is not available. The Fishery'Divisiph uses a rough estimate of
14,000 tonnes as a fotal catch of subsistence for 1980, based on an
interview survey, plus a growth of 200 tonnes per year. Thus, more than
‘half of the total catch (27,000 to 28,000 tonnes per annum for 1982-1988)
was derived from the subsistence seclor.

Table 2 Egports of non-fish marine resources from Fiji, 1987 and 1888.

expprt'commodit? _ 1387 1988 - main destination
héchemde—mer tonnes | B540.4 717. 4 Hong Kong, Taiwan, Singapore
_ ($1000) § (2,234) (2,852) .
trochus shells 250.4 388.5 Japan, Hong Kong, Korea
_ (987) £2,010)
mother-of-pearl shells 23.2 57.5 Japan, Hong Kong, Taiwan
' - (147) (465) |
turtle shells 2.0 ~0.18 [ Japan, France, Tahiti
' ' (113) (16.5) ' :
dried seaweed - 216.9 60.3 New Zealand
' ' (137) (21) _
corals and dihers . - - Japan, USA, Korea, W. Samoa
: (138) | (159) '




Non-fish- marxne resources such as trochus, mother cf peatl shells, and -
beche-de-mer etc. are important export commodities in Fiji. The above
table indicates such exports in volume (metric- ton) and value ($1000) for
1987 and 1988. '

Dried sea-cucumbers (heche de mer) markets have heen ezpandlng rapidly
since the mid-1870s (Conand, 1989). A vast increase in export trade of .this
commodity recently took place -in Fiji, because of.thgﬁmarket_demands.for
low-grade species in shallow waters, which were cqnside;ed,to bg vulnerable.
Therefore, the Fisheries Division. is undertaking beche-de-mer.resource
surveys with flnanclal and technlcal assistance by SPC (Anon, 1988) and
recently imposed minimum size limits for all species, as an {nterlm measure.

A private Japanese firm was established for prqducing b]aCk'pear}s_using
hiack‘lippéd pearl oysters-in 1966. Development of this industry appears
to be limited by poor lacal supplles of the pearl oyster (Adams, pers
comm. ).

Four lucal button- blank factorxes have been establlshed in FlJl since 1984.
Therefnre local demand for the trochus shells has been 1ncreaszng__The_
local trochus price doubled in 1988 in response to the increased demand.
The Fisheries Division recommends 500 tomnes per year .as magimum allowable
exploitation for trochus but 1988 harvest (including that for domestic use)
exceeded this.

Although.green snatl (Turbu marmqratus) was_reported'to-bé present in Fiji
(Cernohorsky, 1872), Dr. T. Adams of the Fisheries Division indicated
that he had not seen any specimen of this speCIBs The present author did

not find it among large quantitles of varlous specimen and ornalentﬁl shells
offered for sale to the tourists in several souvenir shops and also in the
central market in Suva. Parkinson (1982) listed specimen shell resources of
Fiji but did not'indicate_presence of the green snail,

Llcensed export of glant clam meat, malnly of. Trldacna derasa by domestlc
commercial harvest,_started in 1984 (Adams, 1988; Lewis, et al. , 1988)

This commercial exp101tat10n also suppl;ed the local market and llkelg
added significant impact against the rema1n1ng stocks that were inaccessible
for the subsistence sector. The ful}0w1ng table, cited from Lewls et al.
(1988), indicates estimates of non-subsistence harvest for giant clams in
Fiji. Glant c]am stocks of larger sp801es were also subjeeted to poaching




by foreign fishing vessels in fhe_eariy 1980s and earlier. Export of giant
clam meat was prohibited in December 1888, for a 10-year period.

Table 8 Production figures for giant clams in Fiji, 1979-1988, by outlet
type (meat weights in tonnes, for mantle and muscle).

_ Wholesale

_ -Municipal and retail yearly
Year:| markets+ outletsk Egports% | total
1379 | 6.78 . . 6.79
1980 13.83 0.23 L 14,08
1981 13.41 |  4.85 . 18.08
1982 | 11.96 o .. 11.96
1883 12.70 4.62 s 17.32
1984 .95 | 33.85 7.3 | 49.5
1985 7.14 9.48 20.8 37.4
1986 13.74 5.32 11.42 130.48
1987 4.01 17.865 10.89 | 32.35
1988 8.98 13.13 37.52°  |59.81

+ :includes some whole shell figures
¥ : more than 85% Tridacna derasa

The above table did not include figures by pdaching and susbsistence,
which are very difficult to assess. Nevertheless, Lewis et al. (1988)
remarked that even subsistence consumption could severely deplete tridacnid
" populations near populated areas. The smailer ubiguitous species such as
Tridadna_haxima and T. squaposa have been used for subsistence within

traditional fishing rights areas. They are now in very low population
densities near urban centers, according to the survey results by Lewis et
al. (1988). In a case study of socio-ecology at Lakeba Island, Lau Group,
Salvat et'al.-(lﬁ??)-indiCated that giant clams.had.héen'overexploited by
the local residents even for subsistence.

ThE-largest giant clam species Tridacna gigas appears ito have become
locally exztinct in Fiji in the last two decades, the last known live
specimen having been collected in the mid 1970s (Lewis et al., 1988).
~An inshore species of horse shoe clam Hippopus hippopus is also extinct and
its shells are found commonly in coastal middens (Lewis et al., 1988).
G#eréxploftation might be responsible for this prehistoric extinction of
very vulnerable resource, although it is difficult to prove, '



The F:sherles Division has a field statlon with a giant Piam hatchery at
Makogai Island and is rearing juvenile T. gigas 1ntroduced from Australia
for restocklng, as well as spawnlng trials on local T derasa and T.
squamosa. ' ' '

During low tndes ‘many women and chlldren are found eoilectlng shells and
other edible organisms on many well- developed reef-flats .in Fiji, as in most
of the islands in the tropical Pacific. These activities are must]y for
collecting subsistence food and hence it is hard to evaluate significance

of their contribution to the local economy. In fact such. suh31stence
fishery as shell-collecting has received little Qttenticn SC]BHtlf!BallF.
However, Sgquires et al. (1873) reported on a case study of shellfish
collecting at Wailoaloa Beach, Nadi. In this study, standlng stocks of
dominant shells were assessed by belt-transect survey and meter -grid
coliection, and flshlng activities by local fisherwomen were observed.
Because the fishing was limited to the shallower sector of the reef- ~t1at
where the fisherwomen could wade, the most dominant shell (Apadara spp.)
stock was exploited without dange: of overharvesting._Ifgthis_fjshery_were
developed to a'cdmmerciaIIIEVel using advanced methods of cdllecting, in
order to supply local markets in return for cash income, this shell resource
would easily become a victim of overexploitation.

Giude (1972) recommended aquaculture development of edible oysters of both
indigenous and introduced species at various localities ir Fiji. Later,

Japanese oyster Crassostrea gigas spat and also those of C. iredale from.
the Philippines were introduced for aquaculture trials in 1975, JICA
supported an ocyster agquaculture develbﬁnent project from;1383 to. 1985
{Institute for International Ceoperation, 1989) but all these attempts
failed to establish-the cultivation, because of pooOT sur#ivorship due

to disease eic. Green nmussel seeds were introduced for development of
commercial cultivation but resulted in failure as well, perhaps because
site selection was nol appropriate.

Cultivation of & commercial seaweed Eucheuma alvarezii var. tambalang .

(= E. cottonii) has been estabilished in Fiji, althdugh-this industry

is egperiencing a marketling problem In 1987, 240 farms in Bua ared
produced 277 {onnes of dried Eucheuma, which were exported to New Zealand
However, this market was closed and alternative ones in Europe had to be
SGught_after, According to Dr. Adams, reorganization of farmers. is underway
to establish jarger-scale farming of this seaweed.




.The first commercial exploitation of hermatypic (= reef-building) corals
‘began in 1985, although these corals had been used by the local communities
for construction and curio-trades etc. for many years (Viala, 1988).

Cettain coral species with intricate colony forms appeared to be preferred,

- judging from the'list of species.exploited. Thus, it is likely that some
species are mote heavily ezploited than others. Because reef-building

corals are fundamental components of the coral reefs and also they are
.s[qw-grnuing, their exploitation has been closely monitored by the Fisheries
Division, in order o assess effects of such fishery, and exports have been
limited to one licenced company.

If we consider certain reef-building corals as resources for export from
the islands such as those in Fiji, life-history and ecology of the species
" in question should be studied in detail, with emphasis on reproduction
and growth, so as to exploit them wisely. Many corals reproduce at very
linited time periods in a'year; usually within a week after full moon

in the months of early summer, at least in the Great Barrier Reef of
Australia (e.g., Harrison et al., 1984), and in the Ryukyus (Heyward et
~al., 1887), so that the larvae of desired species might be collected as
seeds for artificial farming of coral colenies.

‘Yanuatu

The Republic of Vanuatu attained independence in 1980, after dual
administration by France and U. K. as a condominium of New Hebrides since
1806. The archipelago consists of more than 40 islands in double chain of
islands and the capital Port Vila is located in Efate Island. Total land
area is ca. 15,000 sq. Ke and the population 144,900 (1986).

The majority of islands are volcanic in origin and are in general surrounded
hf narrow fringing reefs with steep reef slopes and drop-offs. There are,
however, lagoon systems and mangrove areas around islands such as Halakula
and Hiou. The total coral reef and mangrove areas are estimated as 10,600
sq. Km and 25 sq. Km, respectively (David, 1985a).

The caral reefs of Vanuatu are diverse in geomorphology. Being tectonically
adtive, uplifted fringing reefs are found around Efate, Sanio, and Malakula,
more than 300 m hizh in some places (Guilcher, 1974 and 1988). There ate
submerged karst formations around Maskelynes Islands south of Malakula. In
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the northern dlstrlct of Banks and Torres, there is a bank reef or a lafge
patch reef {Guilcher, 1988) Atolls and barrier reefs are not found in
Vanuatu. o '

Flshefles Depértment'of the Ministry of Agriculture, Forestry-and'Fisheries,
Government of Vanuatu was originally set-up in 1978 in order to develop:
fisheries by exploiting tesources including deep-sea demersal tishes. The
first programme for the development of flsherles in Vanuatu was drawn up

in 1981 and its main objectives were io develop coastal fisheries to supply
local demand for fresh fish and to develop a locally based tuna fishery

as well as to build up capabilities of providing assistance to the fisheries
.sector by trained personnel (Annual Report for 1981-1982, “Figheries
Department). The Department has recelved extensive flnan01al and technical
assistance from aid donsrs of various agencies of France, Australia, .8,
EEC, U.X. Canada, New Zealand, Japan, as well as FFA, SPG and FAO/UNDP

Although the people of Vanuatu are CUnsidered=aS'agricuiture?ufiented in
their tradition, subsistence fishery'is'?ery cnmmon_among the coastal
inhabitéhts. They use traditional ouirigger canges and their activities are
confined around the shallow reef areas close to the shore. A census of
local fish consumption and subsistence flshery indicated that, in 1983 and
1984, the total producticn from coastal fisheries were around 1, 000 tonnes
of fish and 1,400 tonnes of shellfish and other marine organisms ‘annuaily
and that only about 1/4 of these production entered into the market sales
(Da71d 1985b).

The Fisheries Department has been promoting so-called Village Fisheries
Development Programme (YFDP) since 1982. Small fishing boats and related
facilities were financed or subsidized by aid organizations,; fishermen were
trained at a center and a number of volunteers were recruited from overseas
to assist in implementation of the programme throughout the country.

According to the reviews conducted by Canadian and EEC consultants in 1987,
this programme achieved one of the objectives to establish a large number
of small-scale commercial fishing operations, exp101t1ng the deep demersal
fish ;esaurce__Hnwever, the catch did not approach the target level and did
not contribute to decreasing the fxsh lmport by 188? This VFDP is now
modified under a new p]an



Fish marketing facilities were developed in Port Vila and Luganville as

_ geicrnment~UWned but commercially—bperated outlets for the small scale
fisheriés._These were originally financed by JICA. There are programmes for
further development of cammércial fisheries by using fish aggregating.
devices (FADs) for pelagic fish resources, supported by OFCF, starting in
1985, also assisted with research by ORSTOM in New Caledonia.

Export of marine products is small both in quantity and value as compared
with the imports, the majority of which is canned fish. Total exports of

' ffshéries products amounted at ca. 35, 11, and 23 million VT as opposed to
the total import of ca. 115, 141, and 81 million VT in 1985, 1986, and 1987,
respectively (1987 Annual Report, Fisheries Department). The main export
commodities are shells of trochus and green snail, as well as shark fins and
dried sea cucumbers (beche-de-mer). There is a small local factary to
process the shells for button blanks using trochus.

Grandperrin and Schaan (1987) reviewed possible research areas with regard
to fisheries in Vanuatu and pointed out importance of establishing a
research center for aquaculture and technical advancement. They suggested
stock énhancement by planting cultured spat of trochus and green snail

to be pursued with assistance from countries such as Australia, Palau, and
New Caledonia. '

Aquaculture of freshwater shrimp and oyster mariculture were attempted by
private farms in the past but they were unsuccessful (Carlot, 1988).

- Hatchery production of trochus was examined so as to determine feasibility
of restocking depleted populations. A small experimental hatchery was
established at the Fisheries Department in Port Vila and attempts to
produce juvenile trochus have been made but this was hampered by destruction
of facilities by Cyclone Uma in 1987 and also lack of trained personnel
(Nash, 1889). '

An extensive survey of marine resources such as corals, seagrass beds and
giant clams ete. uwas cafried out by a team of scientists from Australia,
at many sites of major istands througheut the Vanuatu archipelago in 1988,
‘based on a request from Environment Unit, Ministry of Lands, Minerals and
Water Supply of Vanuatu Government (Zann_and Avling, 1988; Done and Navin,
1989).



Vanvatu Fisheries Blhllography published in 1987 by FAO/UNDP Regional
Fishery Support Programme ‘is very usefu] (Gillett and Kenneth, 1987).
Also useful is a section on Vanuatu in a recent publication entltled as
"Coral Reefs of the World™ by TUCN/UNEP (1988). |

Federated States of Micronesia

The Federated States of Hacrbnesia:(FSM) consist of the majority'of'islands
in the Caroline lslands, excluding the western-most subgroup of Palau

This newly independent nation (but in free assoclatlnn with- the U.8. ﬁ )
consists of four states: Yap, Truk, Pohnpei, and Knsrae. The capital:-is

in Pohnpei Island. The total populat:an of the nation was estlmated at
95,000 in 1988. '

The following accounts summarize'geuﬁorphologicai features of each state.
based on descriptions given by IUCN/UNEP (1988}. -

Ya? State: So-called 'Yép;Proper' consists of fnur1vqlcanic/metamorphic
islands (Yap, Tomll Map, and Rumung) close to each othef, separated by
narroy channels between them but altogether surrounded by frlnglng reef
systems which are cut by several inlets. There are fourteenatolls 'in
Yap.Stéte including Ulithi Atoll, the largest in the Careline Islands,
and one taised atoll (Fais). ' - -

Truk State: Truk is an almost~atoll with many small'isiands-:epresenting
unsubmerged peaks of the central volcanic cone, within a lagoon which
is encircled by an extensiée barrier reef system. There are twelve large
and small atolls and a few low-lying small islands in the State.

Pohnpei State: Pohnpei Island is the largest and tallest igland in the
FSM, ca. 20 Km in diameter with the highest peék of 791 m. This volcanic
island receives an estipated 10,000 nm precipitation per annum in its
interior. Thus, there are numerous Streams discharzing fréshﬁétér~iﬂto
the lagoon and the shorelines are fringed with well: devEIOped'léngrave
forests. Its barrier reef system en01rcles a deep lagoon where there
“are several small islands with fr:nglng reefs in addition to the main
island. Lagoon water is quite turbxd Eight atolls in the eastern
Carolxne Islands belong to Pohnpei State.
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Kasrae State: Kosrae is a hlgh volcanlc island with the highest peak
gxceeding 800 meters. Its entire coastline is surruunded by fringing
reefs which are cut by a few small embayments. Mangrove forests are
extensive along some parts of the shorelines.

Reef resources of majbr'islahds (Yap, Truk, Pohnpei, and Kosrae) have been
surveyed -and their inventries have been publashed as both atlases and
documents bg U.8. Army Corps of Engineers and others.

Sma]l~§cdlg'chmeréial fisheries have been developing at each state center,
'exploiting-nearsho:e pelagic and bottom fishes, in order to supply fresh
fishes to the urban areas in the natien. However, subsistence fishery is
.Stlll Yery. lmportant throughout the rural areas and isolated atolls. There
~is little quantitative lnformatiun about the subsistence sector but it is
prubably under pressure due to rapid populatlon growth and also urbanization
patticularly near state centers. Sedentary resources such as giant clams,
spiny lobsters, and mangrove crabs among others are partlcularly prone to
ovET- exploltatlan (e.g. Perrin, 1978).

In 1984, ca. 1,000 giant clam (Tridacna derasa) juveniles were introduced
from Palau to Yap-Proper for reseeding. The 15 months-old juveniles had

been raised at Hibronesian'ﬁariculture'Demdnstfation Center in Palau. After
being kept within protective cages at nurséry areas for 12 months, they were
transferred to 31 different sites around Yap-Proper. Their overall survival
rate was ca. 80 ¥ by Séptémber 1988 at about 4 years age and 21.8 ecm in
_ave:agelshelj'length (Price and Fagolimel, 1988). The clams thus raised to
‘the adult stage are expected fo bebome broodstocks for reseeding local

pdpulatiqn; Additional shipments of new cohorts of giant clam seedlings were
made from MMDC, between 1885 and 1987, for distribution to outer atolls and
also to all municipa]ifies which claimed teef-ownership (Price, 1988).

The largest giant clam species T. gigas is not found alive but its shells
are found at.dredging sites at least in Yap and Pohnpei.

There:is a sma]l experimental hatchery at Lenger, a lagoon island in
Pohnpei. The. present authcr visited this facility briefly in July 1988.
Juveniles of T. derasa from MMDC were kept inside protecting cages on the
lagoon floor near the hatchery and these of Hippopus hippopus (spawned
locally) were reared in raceway tanks. Pohnpei State Marine Resources
Diiision is trying to develop methods for reseeding giant clams and trochus
at this hatchery.
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The commercial irochus (Troshus niloticus) was eviginally distributed only
in Yap-Proper within the FSN, but has been transplanted from Palau to Truk
by Japanese in the 1920s. Thereafier, it was transplanted from Truk to
Pnhnpéi in 1939, from Yap to Ulithi Atol]l in 1938, and between‘many.other
islands in Nicronesta in the 13930s {(Asano, 1963; Yamaguchi, 1987).

- After WW II, trochus shells were again transplanted further from Pohnpei to
Kosrae in 1959 (Gawel, 1982). About 9 ‘tonnes of trochus shells were
harvested from Kosrae for the first time in 1984 and 15 tonnes in 1985.

4 total of ca. 730 tonnes of trochus shells were exported from Pohnpei State
between 1981 and 1988. Yap State harvested a total of ca. 108 tonmes of
trochus shells for three years from 1985 to 1987.

Traditional fishing rights are maintained in Yap and Truk thle.they.are
no longer observed in Pohnpei and Kosrae. These different situations in
sea terure sysiem might have been responsible for different degree of
success in cdnserving trochus resources in each state. Because the state
governments could enact sanctuaries by legislative actions, broodstocks
have been maintained in Pohnpei and Kosrae. When the author visited the two
states, he found trochus populations in high demsities within sanctuaries,
except for one of the six in'Pohnpei which.appea:ed to be most accessible
to poachers (Yamaguchi and Kikutani, 1988). Yap State Marine Resources
Division has been trying to protect the trochus resource in Yap Proper by
annual baseline surveys to estimate standing stocks, so that lengihs of
harvesting period could be established (Fagolimul, 1988).'

The Marine Resources Division of the FSH National Government held ‘a
workshop on aquaculture planning at Kosrae in 1986 (Gawel, 1986). The
participants concluded that aquaculture of giant'clams;-éeaweeds (Gracilaria
and Eucheuma), the black-1ipped pearl oyster, milkfish, and bath Sponges
should receive highest priority in the FSHM. An aquaculture center was
proposed to be established at Kosrae prior to this workshop.

Cultivation of Eucheuma has been atlempted by local residents in Pohnpei
“and a pilot study was carried out hy Marine Resources Division of Kosrae
State since 1983, -but they have e€xzperienced broblems with fish predation
and alsoc marketing of the dried seaweed. Feasibility study and piict
pultivatioh of bath sponge is underway in Pohnpei Lagonn'(Croft, 1987).
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FAO South-Paicifc-hquaculture'Defe]opment Project supported a feasihilité
study on green snail transplantation to FSM (Yamaguchi and Kikutani, 1989).

_Gommunity C0l1ege_of Micronesia located at Kolonia, Pohnpei State, has
a marine science curriculum including aquaculture since 19886.
1-2 Literature Survey:

Palau (Belai)

The-Republic of Palau is to become an independent nation in free association
with the U.S.A. (awaiting for ratification)

This western-most group of the Caroline Islands consists of the main island
group around the largest island of Babeldaob and the capital of Koror Island-
with a small atoll of Kayangel in the nerth and elevated coral islands of
Peleliu and Angaur in the south. There are five small islets or reef islands
further to the south. The total land area is ca. 487 sq. km, ca. 70 % of
wvhich are by the volcanic Babeldaob Island. The total population was ca.
15,000 in 1984 estimate.

Before WW II, Fisheries Experimental Station of the South Seas Agency,
established in21931,'and Palao Tropical Biological Station, established in
1935, engaged in basic and applied research on marine biology and fisheries
at Palau and elsewhere in Micronesia. Thus, there are exhaustive and useful
literatures on marine biota and fisheries resources of Palau even for the
pre-war period. FAG/UNDP Regional Fisheries Support Programme published

an extensive warine resources bibliography (lzumi, 1988).

According to 1983 survey, subsistence sector dominated over commercial one
as the former was estimated to consist 95 % of GDP in fisheries. This is
particularly true since a tuna trans-shipping company, which had ezported
up to 10,000 tonnes of tuma annually during the period 1964-1981, ceased to
operate in 1982.

Johannes (1978 and 1981) documented fishing and marine lore in Palau, which

indicated rich heritage in Palawan knowiedge in inshore fishery and its
conservation. - '



Troehus shells are harvested durang June oolleotlng season,_rangrng frnm
100 to 300 ‘tonnes per year. “An. arbrtrary ‘sanctuary. system for trochus was
establrshed along the barrier reef in 1960. Heslinga et als (1984) ‘examined
the troehus stocks in. the original seven: sanctuarres and - found that trochus
. Were dlstrlbuted at lower- densrtles in. ‘the desrgnated areas than others.
Based on- the nen ‘information, trochus sanctuaries were relncated ang
'consnlrdated in 1982, in erder to manage them mote effeetlvely

AI] of the seven known specres of glant clams occur in Palau Poachlng of
larger giant elams Trrdacna gigas and T derasa and possrbls H gpngu-?. .
hxggogus, eontrlbuted to declines in therr populatlnns 1n Palau in:the
mid- 19?Os Helen Reef,,an isolated atoll in the suuthern drstrtct was.
invaded by forergn poachers repeatedly They removed adductor. muscles

from the 1arger ‘clams, leavrng dead: empty shells agape Ina 19?2 surveg,
ca. 50, 000 T. g_g_s and ca. 33, 000 T. derasa- were estrmated to gccur in
Helen Reef (Hester and Jones, 1974) but they ‘were more than 95 % dead in
1975 (Bryan and - HcConnell, 1876) ‘and remained in a similar state in 1978 :
' (Hirechberger,.IQSO)s ' : : '

The Micronesian Hariculture Demonstration Center, established in- 1989, is
now well-known for its achievement in developing giant clam mariculture,
mainly of Iridacna derasa (Heslinga and Fitt; 1987). It has been able-to

raise several cohorts of T. derasa to sexual maturrty in five years from
spawning and. thus far- produced over one mlllran seed clams to- dlstrlbute
throughout Hrcronesran 1slands and some of the Pc]yn831an islands such ‘as
the Cook,Islands and American Samoa. The Center also contributed to training
“and extension for many persennels_in'the Pacific nations by offering

courses of clam culture (Heslinga et al., 1988).

' The.HMDG tried.tu'develop agquacuiture of'bysters a freshwater praﬁn,_rabhxt
: fiShes,_etc without success in the past. Pearl oysters were cultrvated by
Japanese in Palau before Wi 11 and again . in post-war perrods but thrs
industry has . not been establlshed Commercial sponges had been.cultivated
by . the Flsherres Experrmental Statien but.this aquaculture did not advance
heyond experrmental stage before the War.

_The MHBC is eurrently producing larvae and juveniles of commercrai truchus
Trochus nllntrcus for local stock enhancement and for export
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Maréhé}T:islands

-The Republlc of the Harshali Islands became a freely associated nation with
© the U.S.A. in 1986. It consists of 29 atolls (20 are inhabited) and five
.low coral islands (four. 1nhab:ted) in two chains, Ralik and Ratak Islands
_ The total land: area is ca. 205 sq:. km with the total population of 40,000
(1987 estlnate) Its rate of populatioﬁ'gruwth is very high and also.
'urbanlzatlon is verv 1nten31VE at two urban centers af Ha;uro and Ebeye
' (in Kwajalein Atoll). Although the rural areas may retain subsistence .
'fisherg, the country imports large quantxtxes uf canned fish to supply fish
p:oteln to the urban centers.

-Théf&'ha#e heen private and/or joint-venture projecis for developing inshore
fisheries exploiting spiny lobsters for export, trochus for button-blank
manufacturing and aquacuiture of pearl oysters, etc However, most of such
atteapts were short-lived or only experimental.

“The Marshall ISlandS'Governlent has a plan to establish a Mariculture:
Laboratary, targettlng trochus and giant clams. Seedstocks of Tridacna
derasa were ‘imported from MMDC in Palau in 1985 and 2,000 Juvenlles were
kept in a nursery at Calalin in Majuroc Atoll. In 1989, 1,300 individuals
survived and became sexually mature at 5 years old (Heslinga, pers. coma.).

‘There are private giant clam hatcheries at Mili Atail.and Kwajelein Atoll.
‘Seeds- of ‘the Jocal population of T. gigas was produced at the former
facility in 1986 and 1988. One thnusand'juvenile T. derasa was shipped
from MMDC to the latter in 1989 (Heslinga, pers. coms.).

A ﬁ[qjeét—finding mission was_éent to the Marshall Islands in 1385 by
Overseas Fishery Cooperation Fourdation (OFCF), for fisheries development
assistance. Okutani (1987) evaluated feasibility of developing agquaculture
of giant clams and trochus etc. based on the technology developed ‘in Palau.
He tecommended to develop these and also black-lipped pearl oyster
aquaculture by securing experts and through long-term basic studies
ianuding matketing research.



Guam

Guam is a terrltory of the U S A, and is the southernmost island of the -
Mariana Islands: lts land area is ca. 541 sq. ku and the total populatlon
vas estimated at ca. 118 000. in 1984. Ralsed miltiple terraces of ilmestone
in the northern: part contrast weathered volcanic terrain in the: snuthern
part of Guam Island. Narrow fringing reefs fill in manybays. ‘along the most
coastline, There are two small lagoons encircled by reefs at the.west and
south ends of ‘the 1sland '

The community af Guam is'doﬁihatéd by consumer society because of military
expenditiures and well developed tourism catering for Japanese visitors,
Small quantities of- fresh fish are supplied by pari- tlme fishersen at the .
local Tish market but the people are more: lncllned to: recreatlonal f:shlng
Varlous traditional and contemporary flshxng methods. and reseurces utilized
were described by Amesbury et al. (1986). Hedlund (1877). and St03k0v1ch

and Smith (1878)'surveyed distribution and utilization of inshore resources -
such as shells, sea urchins, seaweeds,.and corals on Guam. = '

Trochus was introduced to Guam from Saipan (also iniroduced frop Palau .
previously) in the 1950s. It is consumed as food hut,hasﬁnot;been'dtilized
as exportable resource. from Guam. Thete are regulations in harvesting it
(quota, size limit; closed season, closed areas, license for commercial

" harvest. and fees) even for home consumptlon Indigenous gastropads such as
Turbe setosus and Turhe argyrostomus are also consumed as sub31stence food.

Recreational fishing.cf—éeverai-species of bivalve shells ischﬁnon‘for
home consumption on Guam._Larger.and'abundant species such as Asaphis
violascens, Quidnipagus palatum, Gafrarium péctinatum, and-Fragum'fragum :
are collected from teef flats at low tide gleaning. Some gastropods such -
as Sigggﬁgs.spp. é£c. ate aiso collected for home consumpiion. A smali
giant clam Tridacna maxima is common in shallow reefs but not utilized
heavily probably because it is cumbersome to remove the shells emhedded

in limestone substrates

Aquaculture of shrimps and fishes developed'very slowly because of several
prohiems: lack of Iocally produced fry/post larvae, high feed cost, high
laber. cost, etc. on Guam, The Government of Guam now has a hatchery
laboratory jointl?-ﬂperated,by University of Guam and Guam Economic
Development Authority (FitzGerald, 19868). This facility is located at
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- an 1deal site nlth good freshwater and seawater supply The present author
v1sated the site in July 1988 and found it suitable for. development of reef
ranching of gastrnpods etc. because it might be able to produce seedlings
of target species such as truchus and green snail in large numbers for
~distribution throughout Micromesian islands using the establlshed ait

flnks between Guaw and other islands.

Northern Mariana Isiands

The. Commonvwealth of the Northern Mariana Islands became a seif-governing
territory of the U.S.A. in-1986. It comprises all the Marianas except for
Guam. There are volcanic islands, some of which are active, raised limestone
'islaﬁds and volcanic with limestone terraces'in the Marianas. The larger
_southern islands such as Rota, Tinian and Saipan are permanently inhabited.
~The 1983 populatlon was estimated as ca. 19 100 and the majority of it is
"in Saipan, where is developing as a tourist destxnation for Japanese.

?ery-little is knoan about the inshore resources and aquacylture activities
in thé'ConlﬁnHealth; but reef biota of most of the islands were surveyved
by the scientists from University of Guam and others (Eldredge, 1983).
Lagoon fishery on Saipan was described by Amesbury et al. (1978).

Kiribali .

The Republic of Kiribati is one of the most wide-scattered island nation in
the;wﬁrld. Twelve large and seall atolls and four coral islands of the
GiIbeft Islands are all inhabited and make ﬁp-the main group. Only one
island each is inhabited out of eight respective atolls or coral islands of
~Phoenixz and Line Islands. There is one isolated raised atoll (Banaba or
Ocean Island). Total land area is ca. 868 sq. km and the total populatien
ca. 64,000 (1985 estimate).

There is a government-owned compercial fishing company which exploits
pelagic'reSUurces, mainly skip-jack tumas, and artisanal fishery sector

is developing in thé;urhan center of Tarawa Atoll. However, subsistence
sector is still prevailing as indicated by 1985 census: about 80% of the
population belonged to this. Because the land areas are small and infertile,



the marine resources provide most of the protein needs, with per capita
consumption of fishes being among the'highestfin'the*wﬁrld{

Inshore resources are under inereasing pressure by rapld growth of atoll
populations and their high dengities, particularly at the urbanized- Tarawa
Sedentary resources such as molluscs have been regarded as emergency food
in tradition (Zann, 1885) but recent studies indicated declines -im stocks
of giant clams (Munto, 1988; Tanlera, 1988) '

Lagoon bivalve shells such as Anadara maculata Gafrarium-tumidum and

Asaphis violascens became 1mportant staple food in the renent years at

Tarawa (Lewis, 1988) and are likely under pressure. Hore than 3,000 tonnes
of these bivalves were harvested in Kiribati in 1985 and also in 1986.
Fisheries Division tried to transplant the most lmportant specles of these
(Anadara maculata) in order to spread the resaurce widely among the atells
hut the effurts proved unsuccessful and - the pro;ect was dlscnntinued in 1885.

Hilkfish_(Chahns nhanbs) fry were cbllﬁcted from the wild stocks_and'were
kept in matural fresh or ‘brackish pools and alse excavated ponds in the
past. This traditional small-scale agquaculture declined due to interference
by transplanted Tilapia (by FAO in the 1970s) which ate the milkfish fry and
competed in'the'ponds In order to supply baitfishes for the skip=jack
fishing, milkfish has been cultivated in a larger scale by the Kiribati
Fisheries Division since 1975. Ti lapia again poses problem in this milkfish
cultivation because it is dlfflcult to prevent its entrance to the culture
ponds (Teraroko, 1988)

Experimental.CHIture of Eucheuma striatum began in Kiribati in'1983,‘The
competcial farming ezpanded and a total of 24 tonnes of dry seaweed were
prodiced by 50 farmers in Tarawa in 1985. ﬁt_present,'thé'farming'df'the-,
seaweed is being carried out on mest of the islands in the Gilbert Grnﬁp '
{Teraroko, pers. comm.). '

There is a plan to 1n1txate hatcherg production of glant clams u31ng lucai
species, to be: assisted by AGIAR in Australia. Also proposed is a brine
shrimp cultlvatlon at Klrltlmatl where are suitable salt ponds: &vallahle

A past attempt of extensive hrlne shrimp cultue was a total failure in the
1870s, but it is hoped to be revived as an’ 1ntens:ve cultivation (Terarako
pers. comm.). '
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Tuvalu

Tuvalu cqnsists of six atolls ahd-three coral islands, with a total land
area:of only 26 sq. km. More than one quarter of about 8,000 pecple of
this nation live in Funafuti Atoll, the capital island.

Development_of small commercial fisherieé for nearshore pélagic'and bottom

fishes were emphasised since mid-1980s, with assistance from aid doners.

‘Subsistence fisheries are most important for the local residents (Zann,
1985). - | '

The Scuth Pacific Commission supported a survey on specimen shell resources
and also on-assessment of trochus introduction to Tuvalu in 1983 (Parkinsom,
1984a and31984h). In 1385, FAO Regional Fisheries Support Programme provided
-trOchusiséedstuck to the Fisheries Division. Additioral shipments of trochus
shells from the Cook Islands were made in 1987 (Gillett, 1968a).

FA0730uth1PacificﬁAduacﬁlture Development Project supported a pilot study

to assess existing giant clam resources and to identify possible cultivation
sites for introduced giant clams in Tuvalu (Braley, 1988). Other pileot
pfﬁjectS'under-consideration by the Fisheries Division are milkfish and
commercial seaweed cultivation, and beche-de-mer harvesting.

FAO/UNDP]RegionaI Fishery Support Programme published an Atoll Fisheries
Bibliography for Tokelau and Tuvalu (Gillett, 19888c).

Tokelau

Tokelau is a New Zealand territdry and consists of three‘atoiis, with ca.
l}BGOVpeople, A1} the three atolls have closed lagoons and there are no
passes through the reefs between lagoons andthe ocean.

The inshore fishery resources are important for the subsistence in Tokelau.
A study in 1986 indicated that 595% of all animal protein consumed originated
from Iagodn and shallow reef areas. Exploitation of giant clams Tridacna
paxima and T. squamosa was banned in the mid-1980s by the Council of Elders
following exportation of large quantities of clam meat to Western Samoa.



FAQ Reglonal F1sherles Developuent Progtamme 1mplemented a trochus B
lntroductlon project from Fiji to Fakaofo Atoll in 1986 (Gillett, 1886).
There was a storm in 1987 which was suspected to: kill a substantial number
out of the 850 transplanted trochus. In 1988, a resurvey yas made to assess
the results and the second transplantatlon uas carried out in 1988
(Gitlett, 1988b)

Tokelau Government is interested'ih_devélpping giant clam reseeding and
also pearl culture on each of atolls. '

Cbuk.lslands

Gook Islands is intermally self-governing and in freé'askobiatiqn with New
Zealand since 1965. Fifteen islands of ‘the nation are widely scattered

in the atea 8-23 S, 156-167 W. Its captal Avarua is located in the largest
island of Rarotonga. The total population was estimated at 17,185 in 1988. '
There are greater numbers of Cook Islanders in New Zealand than at the home
islands. ' '

The islands are diverse in geomorphology. Rarotonga is a high voleanic
(the highest peak 350'm) island with narrow fringing'reefs.,There are
uplifted volcanic islands (Mangaia, Atiu), uplifted atolls (Hauké,“ﬁitarp),
an-almost atdl[ (Aitutaki),-and atolls (Palmerston, Penrhyn, Manihiki and
others). The uplifted voleanic islands and uplifted atolls are surrounded .
by "makatea”, that is a raised coral reef, and also by very narrow'frihging
reefs oulside of makatea. Coral fauna of the Cook Islands is richer in
diversity than:that of French Polynesia to the east, 35 hermatypic coral
genera having been recerded from Rarotonga (Paulay, 1985).

Cook Islanders depends on ptotein_frﬁn'the reef or lagoon resources as much
as 90 % in the isolated islands (IUCN/UNEP, 1988). Estimates of the annual
subsistence catches in the southern group and in Aitutaki were belween
800-1,100;, and 530*780'tbﬁnes;'reSpectively, for the years 1978 and-lQ?S
(2nd Development Plan). Such SubSisfehée-fisheries_are-impoftantfhut.little
attention has been paid for conservation and management in these,

A small giant blam Tridacna méxima forms. the basis of an important. locai
subsistence Tishery, especially on Aitutaki (Paulay, 1987). Sims and Howard
'(1988) p01nted out heavy fishing pressure on th1s resgurce and recommended




conservation measures such as establishing permanent reserves and/or
artificially aggregated broodstocks,

In;l988,none-thdﬁsand juvenile Tridacna derasa, a larger species, were
introducéd to Aitutaki from Palau. They suffered high mortality from
predation by a gastropod Cymatium muricinum and also disturbance by a
céclune during their grow-out phase (Sims and Howard, 1988). Another
attempt to introduce green mussel Perna vitidis from Tahiti for intensive
aquaculture was unsuccessful in the Cook Islands.

In_the'Gook-Islénds, the export-based fisheries for pearl-shell Pinctada
‘margaritifera on Manihiki and Penrhyn atells, and for trochus on Aitutaki,
ate the highest-profile fisheries (Sims, 1988a). The pearl-shell fisheries
have a-lhﬁglhistOry since the last century but the trochus fishery ﬁas
established by the initial introduction to Aitutaki from Fiji in 1957 (Sims,
198%). The_ffrst-harvest of trochus was made in 1981 and also a program of
the secondary introduction to other islands started in the same year, with
yariable degree of success from island to island (Sims, 1985).

Recently, the goverament of the Cuok_ls!ands allocated a fund to promote
pearl—oystef'Qultivation. A market-survey mission for pearl shell was sent
by FFA to Taiwan, South Korea, and Japan in 1988 (Philipson, pers. comm.)
Fig 1. illustrates the past production of pearl shells in the Cook Islands.

The 2nd developaént plan of the Ministry of Marine Resources (1988-1892)
focused that pearl shell farming and also possible pearl productien, rather
thaﬁ”harvesting ﬁi}d stacks, would he devgtpped and that suitability of
Culturing giant-p{ams and introducing green snail would be investigated,
aithuugh aguaculture development had never been given any priority in the
past.

An earliet_attempt to introduce green snail from Tahiti was unsuccessful
{(Sims, pers. comm.).

FAO/UNDP Regional Fishery Support Programme published a useful fisheries
bibliography for the Cook Ilslands (Gillett and Tearii, 1889).
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American- Samoa

_Thefe:are.five large and small volcanic islands and two atolls in American
‘Sampa, an unincorporated territory of the U.5.A. The mojority of population
is concentrated in the largest, Tutuila Island. The total land area is ca.
197 sq. km and the total population was estimated at 35,400 in 1985, The
population size remains stable due to emigrations to Hawaii and mainland
.S.A.

Ameridanisamoa, with itS-gxcel!ent harbor of Pago Pagso, is a center of
industrial tura fishery in the south Pacific, although catches by local
fishermen are small. Reef and lagoon fisheries are nevertheless important
foy the.pgople as subsisience and recredtional activities. Wass (1983)
described past and present inshore fishery of American Samoa. Artisanal.
fisheries are developing, exploiting pelagic resources by using FADs and
also bottom resources of deep sea snappers and groupers.

A sméll.tridacnid_clam ntrsery has been initiated by a village of Alofau
in Tutuila, in cooperation with the Office of Marine and Wildlife Resources,
with seedstock of T. derasa from MMDC in Palau (Itanc and Buckley, 1988).
The first :ntroductlon of 1,000 juveniles (mean shell length of ca. 72 mm)
was made in November 1386, They suffered a high mortality during shipaent
from Palau via Hawaii, losing about 13 %. Thenafier, predation by Cymatium
nuticinum and Iosses by thefts and unknown canses occurred during the
growout period, losing additional 20 ¥ by February 1988. They grew to 149
om in_mean_shell'length by that time (31 months age). A second shipment of
;3;000 juvenile clams was made in November 1987 and they were maintained at
two nursery areas.

Glude (18?2) nated presence of two bivalve species, harveéted locally for
subsistence from lagoon flats: Gafrarium tupidum and Lloconcha lorenziana.

- He recommended basic ecological study on these clams for sustained and/or
expanded ezploitation including aquaculture.

Env1ranmentai cunservatlon and reef enhancement, as well as measures to
cantrolllng Acanthaster planci predation of corals were recommended for the
Manu'a group (IUCN/UNEP, 1988). Thete was severe A. planci infestation
around Tutuila Island in 1979-1980 (Beurig et al., 1982; Birkeland and
Randall 1879).




Western Samoa

Two main islands, Savai'i and Upolw, with a few associated_smgll istands
make up a total land area of 2,842 sq. ke of Western Samoa. The islands
con31st of a high volcanic dome or strings of cones (peaks hlgher than o
1,000 m) with fringing reefs which are partly missing along GOStllnes ‘The
capital’ Apla is located in Upolu. The total population was esttmated at
163,400 in 1385,

A fteet of more than 100 almlnlun catamarans (called alia), operated by
village flshermen, exploit deep water bottom and nearshore pelagxc resaurces
to supply a fish market in the urban center of Apia. Apart from this small
scale artisanal fishery, the majority of people maintdin subsistence fishery
where - surplus may ‘be sold at Apia market. The commeicial catch fluctuated
between 1,700 and 3,500 tonnes per year from 1983 to 1986, depending on
nusbers of FADs deployed and remaining in the fishing grounds (Development
Plan VI). On the other hand, large quantities of canned fish were imported,
semetines ezceeding the above commercial catch. o ERT

A recent market - survey 1nd1cated araund 200 to 300 tonnes of fishes and
non-fish inshore resources, sold annualy at the Apia market as surplus

or for cash income (Helw, 1988). The total level of sub31stence fishery for
the nation is hard fo assess but the Fisheries Division recognxzes ‘it near
or in. excess of MSY. For 1nstance giant clam resource’ has been subjected to
" heavy harvest:ng, judged from a field survey by the DIYISIOH ‘Johannes
(1982) noted the small average sizes of reef/laguon fishes harvested;

The present author v1sxted Hullval area of southern Upolu in 1985 and

saW a group of men methodlca!]y Tewoving every edible organlsms anng
their path on the reef flat while they were snorkelling. Such 1nten31ve
group harvesting may result in substantial pressure on 1nshore resource of
limited reef areas in Western Samoa '

Green mussel (Perna v111dls) has been a target for v11iage aquaculture
~development project in Western Samoa since 1981. The first trial harvest was
~well-recieved by the market in Apia (Bell and Albert, 1984). The spat was
inported from French Polynesia but avaxlaballtg of spat was dlsruptlve

Spat cnl]ectlng from locally feproduced larvae failed in Western Samoa




There may be some good lagoon areas for the mussel culture in both Upolu
“and Savai'i but its commercial success would depend on availability of spat
and good extension service for production and marketing.

FAO/UNDP RegiqnafrFiShery Support Programme published a fishery bhibliography
~of Western Samoa (Gillett, 1987a). : :

: Soldmon Islﬁnds

The Solomon Islands consists of a double chain of elengated islands and
‘the 31x larger istands have central mountaln ridges with peaks rlslng up
to 2, 450 meters. There are several atolls and raised atolls outside the
chaines. Capltal Honiara is. located in Guadalcanal which has coastal
‘plaines unllke_other major 1slands. Total land area is ca. 30,000 sq. km
and the total population ca. 285,000 -in 1986 estimate.

Coral reefs ate only poorly developed along the main islands partly because
of geological history dnd numerous streams fed by heavy rainfalls. However,
~there are some barrier reefs and lagoon éystems such as Marove Lagoon with
double barrier reefs in New Georgia Group. '

Indusffial fishery ezploiting skipjack, yellowfin tuna, and Other'pe]agib
resources is well-established in the Solomon Islands, exporting substantial
quantities of frozen and canned Fishes. Village level fisheries are being
developéd:by'assistance from aid doner agencies. However, inshore fishery
has remained as more or less a subsistence aclivity.

People of the Solomon Islands are considered as land-oriented but the
majority of them are living along the coasts, utilizing inshore resources
~heavily. Marine shelis in particular are important not only for food but
also as materials for ornamental and riteal purposes. Shell money is still
manufactured in some part of the Solomon Islands. Wood carvings with shell
inlays aTe characteristics of local artifacts.

- Shells of trochus, pearl oysters, and green snail make up a good portion’
of the export commodities. Alihough they are small in quantities and
values if compared with those of finfish exports, shell resources as well
as that of beche-de-mer provide significant cash income to the rural people
through artisanal fishery with litt{e capital and operation costs.
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The follou1ng table summarxzes exports of non- fish products, excludlng
'crocodlle skins, from the Solomon Islands (totals for 1878-87, modlfled
after Govan et al., 1988).

:Table 4 Expofts of.non*fish marine. products from the Solowon Isl&pﬁs.“

EXPORT COMMODITIES quantity | value -

' tonnes (%) SI$ (%)
Trochus 5,120.4 (83.2) 6,117,684  (57.1)
Beche-de~mer 522.4 - ( 8.8) { 2,530,737 (23.6)

| Other shells ! 88.1 ( 1.¢) 729,999 ( 6.8)
Black- llpped pearl oyster 204.86.  ( 3.3) : : 398_?811; (.3.7)
Turtle shell ~10.8 ( 0.2) - 370,598  ( 3.5)
Green snail : . 126.7  (2.1) 241,485  (.2.2)
Shark fin o 6.1 (0.1) 139,415 ( 1.3)°
Other péarl. ogsters . © .86.5 { 0.6) 108,188 ("1.0)
Giant clam products -t 36.3 ( 0.8) 74,488 ( 0.7)

Detalled account on heche -de-mer ftshlng and pr008351ng act1v1tles Was
described for Ongtnng Java Atol] by Crean (1977): village people ased a
tool (weighted spearing pnxnt) for ccllectlng holothurrans from their
large lagoon. During an observatlon period of nine days, a total eof
7,122 animals were collected by around 20 fishermen, with an average of
11_per man—hour;

. The Internatlonal Center for Ll?lng Aquatlc Resources Hanagement (ICLARH)
has estahllshed the Coastal ﬁquaculture Center near Honiara in 138?
Several”spnntaneous spawning activities in a broodstock uf_the_glant_clam
Tridacna gigas took place stétting in November 1987 and large numbers of
jutenile'ciams have'been reared in tanks (Usher and Munre, 1988).

Fleld investlgatlons of glant clam stocks were carrled out in the Solomon
Islands by the ICLARH and Fisheries Departaent of the Government in.19886.
The largest species T. gigas has heen found to be rare near urban areas
and it was attributed to local flshing pressure and harvestlng by foreign
_poachers (Govan et al. 1988) There is a tradition of holding giant clams
on nearby reefs by coastal v:llagers

_FEO/UNDP Reglcna] Flshery Support Programme publlshed a flsherles
_ hlhllographg of the Solomon Islands (Glllett 1987h)
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New Galedohia'is a territory of France and_consists of a.lérge island with
aséobiated'small islands and also the Loyalty Islands, a group of islands
running patailel to the main island. The total land area is ca. 13,000 sq.
kb and the total population 153,000 in 1985 estimate.

A bartier reef system, ca. 1,800 kuw in length which is the second to the
Aﬂsttalian-ﬂréatrBarrier Reef, surrounds the main island (Grande Terre) and
énCloses laggons with numerous lagoon reefs and islets. Reefs of the Loyalty
Islands are elevated atolls (Mare and Lifou) and & tilted atoll (Ouvea).

Exploitation of reef resources, wainly beche-de-mer and trochus, is a long
_standing activity by artisanal fishermen in New Caledomia. The French
Institute for Scientific Research for Developwent in Cooperation (ORSTOM)
Center in Nouuea,-fhe capital of New Caledonia, has been conducting basic
studies on resource management of such locally important species.

The fishery for beche-de-mer has been reactivated in New Caledonia in 1983,
as ih_other major producér nations, by increased demands in the world martket
(Conand, 1988, 1988 and 1989). During the years from 1983 to 1986, a total
of 435 tonnes of beche-de-mer were ezported from New Caledonia to Hong Keng
and Singapore. '

Recards on exploitation of trachus are available for New Caledonia since
1907. The following Fig., ? illustrates the fluctuations in catches of {he
trochus shell for export, after Bour and Hoffschir (1985). It is evident
that 1878 harvest tecotded at about 2,000 tonnes. This phenomenal increase
“probably resulted in later decline in catches. The sustainable catch for

New Caledonia was estimated as 400 tonnes per annum based on the study on
habitat_afeas by remote-sensing and on growth observations by mark-recapiure
methods (Bour and Hoffschir, 1985; Bour et al., 1986).

Some defofmed and blackened cowries are found in New Caledonia and they
“are sought after by shell collectors. Those melamesitic and rostrate shells
are unique to southern ateas and the reasons for their OCCUTFENCES are
unknown (Pierson and Piersom, 1875).

Glude (19?2) noted siz species of bivalves which were abundant encugh for
commercial exploitation and development for aquaculture in New Caledonia.



They are. lagnan resources such as Gafrarlum tum1dum, Anadara subcrenata, ;
and Gar1 (= Asaphis) dachotoma, and ngsters such as Crassostrea glomerata,
C. echinala, and C. mordax Trials for developing commercial aquacuture of
loca] and 1mported oysters were - in progress in the early 19?03 '

H3331ve reef corals such as faviids are harvested for manufacturlng gurios
for souvenier trade. Raw corals have been exported to the U.S.A. and Burope
(IUCN/UNEP, '1988). Joanutt and Bour (1988) examined standing’ stock of

the faviid corals at the only authorized reef for harvesting and found that
the present level of exploitation would not support continued harvestang
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2. Overview of Reef and Lagoon-Resaurces in Oceania

Very Ilttle is known abnut bloiogy and eculogg of tha majorlty of lnshore
resources which have been expluxted by subs:stence and artisanal flsherles
in Oceania. This is because of the high diversity and complexily in troplcal
marine biota and because of the i1m1ted number of researchers and -
institutions who have to tack]e numerous target sp301es

In order to explnlt the renewabie resources wisely, speclfac 1nformat10n
on life hlstary, recruitment, growth, populatlon dynamics, and other
ecolng1cal aspects must. be known for 1nd1v1dua1 species. Furthermore
successful aquaculture 1nclud1ng stock enhanﬁenent and transplantatlnn,
depends on detailed kncw]edge of sach species as well as innovations in
manipulatien and managehent-of ehvironmental conditions.

The foilowxng account is. presented accordlng to the types nf explnltatxon,
stating overviews for each species or group of species, from subsistence to
compercial level. These dichotomies, however, are arbitrary and should be
considered tentative and also variable among different areas and situations.

2-1 Subsistence fishery and locally consumed inshore resources

reef and lagoon fishes;”

At least 3,700 species in about 180 families of inshore fishes are found

in the entire Indo-West Pacific faunal region (Myers, 1989). Many of these
are too small in body size or in stock size to be exploited as resources.
Some are unpalatable because of tozins or are distasteful as food. However,
there are always large numbers ‘of fishes consumed at any locality 1n ihe
troplcal Pacific..

Reef and lagoon fishes”are diverse and so are the methods employed for
harvesting them. This fact makes it very difficult to collect statistical
and biological data as a basis for resource conservation and management.

Information on reproductive éculogjlis ver§ limited for individﬁai species
among the majority of inshore fishes. Johannes (1978) accumulated such
~data on some coral reef fishes through ethnobiological studies. There are
several important points arising from his study as follows.
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(1) Spawning aggregation and migration of lnshore fishes:
Larger Inshore fishes, which are usually used as food, tend to spawn
at specific sntes, often away from their usual habitats, forming
spawning aggregations which migrate to the area where offshnre
dispersal of eggs and larvae are llkely to occur. Such spawning
migration is common among species of mullets, groupers, and rabbit
fishes (Table 5). Leis and Miller (1978) also reported that larvae
of reef fishes, which spawn pelagic exgs, were most abundant offshore
in Hawaii. -

(2} Collectxve peak spawning season for many tropical species:

It is often assumed that trepical sp301es tend to spawn throughout
the year because there are little seasonal changes in environmental
parameters. However, there appear collective peak spawning months for
many species of inshore fishes, although exzact timing gay differ from
place to place (Table 8). Johannes (1978) postulated reproductive
strategies in those fishes leading to retention of larvae by such
collective spawning during seasons when the prevailing winds or currents
‘are weakest. This may lead to peaks in recruitment of juveniles to the
reefs and lagoons. '

(3) Lunat periodic inshore juvenile migration:
Cohorts of Juvenlle fishes may invade the shore in large numbers around
speclfxc lunar periods, often full or new moons or both (Table 7). Kami
and Ikehara (1978) reported great annual fluctvations in the juvenile

migration of rabbit fishes to the reef flats on Guam. The present author

witnessed a massive recruitment of juvenile rabbit fishes at Page Bay
Reef, Guam, in 1972. Their abundance was so great that all fleshy algae

on the reef flat were grazed down and numerous Juvenxle fishes were dead

'after vrolonged periods of starvation. It is difficult to expect a
stable annual recruitment in fishes which have pelagic larval period of
a few weeks or longer (details are not known). Therefore, availability
of natural fry may be quite variable for stocking in aguaculture.

The above ethnobiological information is useful in developing aquaculture
of inshore fishes such as milkfish, mullets, and rabbit fishes etc.,
because coliection of broodstocks for artificial fry production and alse
that of natural fry would become predictable if reproductive ecology of
local speciés were known. On the other hand, they are also important in
resource management to protect reproductive animals.



Tuble 5 Spawning migrations ia Falaw. _ :
) Location of spawning aggtegations

Speciet o ~ Usuat habHat _

Albadavalpes , 3 : _ o : ;3 '

Herklotsichthyes sp. . 23,6 . 02

Q'aumiqﬂaanhbn f; ) . ] i 12 _ L .
Chiclon valglensts - ’ . i : :

H::crcr,opoﬁ::: ’wwm'us many coral areas seawand prortion of, ard quter geef slope neat 9 znc_l l(_J.
Epinephelur teivina ’ 512 _ .-.2 .
Carangoldes ﬁﬂwguﬁatm ) — [ S B . 12

Caranx melsinpygus - - wide ranging - : 16 i
X fat 1 .

L ;ﬂ%’},ﬁm‘“f{?’m “ : 6,12 ] over bius vmcrjust seaward of 12
Symphorus spilurus o g.’f 5 . . -
Hectorhyrehios goldntant 5,71 .

Lethrins 1. (Hotch-Palavan name) 1,2 3 {off fiinging veel ga\ly}
Gerres abbrerm’us ) 3 ’ 8 - '

G. oblongu 3 : o 8

Muﬂo:dlduby: ﬂavafmmrm : shallow sandy areas near edpes of & . - 12

Choerodon anchorago 4 ::1!

17 raliculat B L 20 =

ingg:rz “ ) “ ) 1,5,1,9,10 sandy besch on {2, near d\mnc! moutl\

£ punctatus. - A S il

Grammatorcynis bt’mnmfus : 6 S 4

: Lagoun patch
i. Mangrove aock:. 2 Scagmsbods. 3, ‘Sand flals; 4, Com[ﬂnls 5. ngoonalmcrslopcs. 6. L:goon, 1.
reefs; 8. .Sand flats closé to reel zlopu. 9, Channel ﬂuough fringing reef; 10. Channei through batrier reef; 11, Reel crest;
"I2. Qutes reefl slope, .

Table 6 -Collective pwk spawnmg months for shaltow water tropica! mearinie lel-:osts.

l.oaimN' B - ’ Months - L . Source

- Madagascar | g AptitMay & O¢L-Nov. Fourmancir (1963) =
- Madras, East India late Dec. through Jznuary Basheeruddin & Nayas (1962)
" Mandapar, Southeast India . March & November “Bapat (1955}, Prasad (1958)
One Trée [eland (Southern Great Dec-Feh. Russell et 2L (1974)
(Darrier Reef) ) :
Lizard Island (No:them Great Bamicr  Dec-Feb. Talbot {pers. comm.)
Reef), . .
South China $ta March-Apsil Vatanachi (1972)
Micronesia c . '
. Palau March-May this paper?
Truk Marct-May - - v
Ponape - March-May » "
Nukuoro March-Tine "o
Mortlocks March-April w w
Tabi Feb.-March v oom
Majuro ® April-June - -
Yap - ) ' Maici-June w om
. Hawaii March-May & Octaber Watson & Leis (1974) .
Curagao March-May & Scpt.-Nov. Luckhirrst & Luckhursi (1977}
Barbados” March-May & Aug.-Oct, Powles (19753 .
Jam:uca Feb.-April Munro et al (1973}

1 Much of this mformal[on was oblamcd from local fishermen, who for teasons dr.scnbod in the text, are kecnly aware of sczsona[

spawning :hylhms of the l'sh they seck.

Fable 7 Tropwzi Doas(al fishes with lunar penodlc inshore ;uvcmlc mlpal_mns

Spcc.lcs

Location Migration peak T Referenee

Kchlia sandvicensis

Lira macrolepis
L. vaigiensis = fulvus
Valamugil macrolepis

- Gilbert [stinds

Hawail ' new moon Testet & Takata (1953) :

Acanthurus friostegus Hawaii new HIOoN Randa,l.l (196 1)
o  Gilbert Islands {ull moen . :
Chanos chanoy East India -~ . . new and full moon Knshnamu:lhy (195 7} Rao (1970}
B Palau ' w o w ow A. Purinalis (pers. comm.)
. o L Phillppin&; T "W FICY 19471y .
Abudefduf abdominalis © Hawail . new moon . - : Helfrich (1958)
Siganus spinus Guam ‘ fourth quarter " Kemi & Ikchara (1976) '
X argenteus -Guam ’ fourth quarier. T
& vermiculatus Fiji . ) ) 4th to 6th day after new moon. P'opper ct al, (19?6)
£ ‘canalictdaits’ Palau ’ on or slightly bcforc noew moon  Hasse ef al. (in press)
Megalops cyprinoides Palau - ) around new and full moonr  Purmalis {pers. comm.)
Gerres argyrus- )

around new and full moon  Gopalaksishnan {pers, comm.) -




',Aggexperienced'fishermen.are well aware of spawning season, aggregation,
and migration of target species, they could easily destroy broodstocks by
harvesting such aggregations before reproduction. High market price of
particular fish such as groupers might encoturage harvesting their spawning
aggregations. Thus, commercialized inshore fishery is dangerous for such
vilnerable resources, while subsistence fishery is not so self-destructive.

giant clams .

There are six-exploitable species of giant clams (Tridacnidae) in Oceania.
~The following Table summarizes present status of each species in each
country or territory, compiled from available sources. (as of August 1988)

Table 8 Status of gianf'clams in Oceania

Country or Tridacna | Tridacna j Tridacna | Tridacna | Tridacna | Hippopus
territory gigas derasa squamosa | mazima crocea hippopus
| Guam - - VR Co - VR
Palau: Th, Aq |'Th, Aq Co, Ag Co Co, Ag Co, Aq
F.S.Micronesia _
Yap Ex? In P P p? P
Truk Ex ? ? ? ? ?
Pohnpei Ex In YR Co --- P, &g
Kosrae Ex In ? ife - ?
Marshall Is. Th, Aq In P p - P
Kiribati Th -—- Co Co - Co
Tuvalu . Ez - VR Co --= -
| Tokelau —— - VR Co -—- -
Fr. Polynesia —— -—— -—= Co —-—- -
Cook Is. -—- In Uc Co ~-—- -
Tonga . - “Th Co Co - YR
W. Samoa - — P, Aq P -—- ?
An. Samoa -—- In ? : P — ?
Fiji Ex, In {Th, A&a | UC, Aq |Co Bx
Solomon Is. Th, Agq uc Co Co Co ue
Vanuatu- VR VR uc Co Uc Co
New Caledonia ——- p P P -—- p

Co: common, UC:
Ex: extinct, Th:
Juveniles, ---:

uncommen, VR: very rare, P: preseni but status unknown,
threatened, In: introduced, Ay: hatchery production of

absent




Heat and shell of giant clams are occasxonally exploited for cnmmercnal
market, sometimes by poachers or ticensed foreign fishing ‘boats, as already -
mentioned in the previous section. However, giant ¢lams are ‘importnat

food for subsistence throughout in Oceania (as well as in parts of Snutheast
Asia). The larger species have been subjected to over- explu;tatlon and -
poaching and their stocks declined rapidly during the last few: decades

in most natlons and territories. Prehistoric and recent local extinctions

of Tridacna glgas and H:ppopus hippopus were reported for certaln areas.

All giant clam species are listed on Appendix II of CITES (Convention'on
International Trade in Endangered Species of Wild Fauna and Flora).

Substantial progress has been made in aquaculture and biological studies

on giant clams during the 1986s (Munrto, 1989). Recent monograph on giant -
clams summarized achievements by MHDC in Palau and ACTAR (Australian Centre
‘for International Agriculture Research) supported research (Gopland and
Lucas, 1988).

Larger giant clams are ideal for aquaculture because of the following
reasons: ' '

(1) They are relatively easy to breed artificially, even by lew-tech
methods, if broodstock and minimum facilities such’as_an'adequate sea
water sysiem and raceway tanks etc. were available. _ o

(2) Giant clams with symblotlc zooxanthellae are awtotrophs and they I oW
well in nutrient-poor waters on the reefs, productitity of clams belng
compatable to that of mussels in temperate waters (Heslinga et al.,
1984). '

(3) They do not produce any quantities of feces so that there will be no.
self-pollution by accumulated excretxons which is a common problem in
oyster and other bivalve cultivation. '

(4) They can be malntalned in clean water areas on the teef, so that there
will be 11ttle problem in health control against bacterla] contamlnatlon
and paralytlc shell poisoning etc. which are significant for other
cultivated bivalves in general. ' '

Commercial viability of giant clae mariculture has not been properly
assessed su_far although a few private giant clam farms have recently
been established in Australia. In 1986, Forum Fisheries Agency (FFA)
conducted a market survey of giant clams in Hong Kong, Taiwan, and Japan,



but:averlooked‘ﬂkistihg'market of Okinawa and ignored shell trade (Dawson,
1388).'Hure'téoﬁnt abprajsal by Tisdell and Menz (1988) considered giant
clam maricu]thre as promising economically, although with some reservations
such as sea tenure problem and very slow recovery of profit after investing.

RegardiéSs:of_cOﬁmefcial prospect, farming of giant clams should be
promoted for stock enhancement, restocking, and transplantation of these
?aiuable'hnd threatened subsistence food in Oceania (Yamaguchi, 1877).

.othér bi?alves'

Studies on coral reef bivalves ather than giant clams have been neglected
in the past. However, several species of edible bivalves are harvested for
subsistence, in large quantities at certain areas in Oceania. For exzample,
btood cockles Anadara spp. are important for local consumption in many
ateas such as Kifibati, Fiji, Tonga and possibly other nations.

Anadara maculosa in Kiribati (locally called as Te Bun) should receive
pafticular'attenfion'hecause this species has hecome a staple fond for
people in urban Tarawa. The'large quantity of annual harvest (up to 1,800
tonnes) is difficult to imagine for oceanic atolls where nutrient supply
and ‘also suitable habitats may be limited. It is important to find if this
species can proliferate in other atolls of the Pacific, in addition to its
ecb]ogical*and fishery studies for efficient managemeni of this resource.

Simple aduaculture of Anadara spp. is common among the nations in Southeast
Asia, by redistributing seedlings from natural nurseries to growing areas.
Artificial_spat production of Japanese blood cockle Anadara broughionii

and its farming has been established in the Inland Sea of Japan since 1976.

There are a laige number of miscellaneous edible bivalves on reef and lagoon
habitats. They are species of genera such as Gafrarium, Fragum, Codakia,
Geloina, Modiolus, Scutarcopagia, Asaphis, Periglypta ete. Although their
stocks are usually too small for commercial ezploitation, they are good for

subsistence and tecreational activities.

-Fragum-fggggm'is very abundant at certain atolls in French Polgmesia. This
clam has zoozanthellae as symbiont just like tridacnids, and probably

is capable of receiving nutrients from photosynthesis by the algae. This
implies that the clam may grow well without rich phytoplankion or detritus



as food for suspension’ feedlng The reason for this species to be abundant
only at certain atolls should he made clear, as it would be a good. candldate

for laguon farming.

A large hlvalve Codak1a nrblcularls is exploxted as- food in the Carlbbean
Recent studies indicated that this. clam might obtaln nutrxents from
endosymblotlc chemoautollthotrophlc hacterla (Berg, Jr. and Alataln, 1984
Schweimanns and Felbeck, 1985). If this is also true for the related species
in Uceanxa, mariculture of such species would become p0331ble in areas where
phgtoplanktun biomass is poor but sediments are rich. in reduced sulflde
Basic research to examine this topic should be undertaken by qualified
researchers. |

gasiropods

There are a few thousand gastropod species in the tropical Indo*West
Pacific but only a limited number of them may he-ekploitabie for
commercial and subsistence uses as resources. Those harvested for shell
trade are discussed separately and edible species for subsistence are
considered here.

Strombs are in general favored as food in the tropics. The largest species
of the family Strombus gigas is one of the most_imhortah{ inshore resources
as both food and shell in tﬁé'Caribbean (Berg, Jr. and Olson, 1989) . -
Agquaculture of ihis queen conch has been developed by ptivate'farms which

produce spat in hatcheries and grow them in holding pens with cultured
algal food. ' '

The red-lipped stromb Strombus 1uhuahus-is~one.0f'the nost widely used
gastropod species of coral reefs'in Uceania..lts distribution is soméwhat
limitéd-to the Western Pacific: not found in the eastern nations (Tonga,
Samoa, Cook Is. and French Polynesia)}, while a smaller species Strombus
gibberulug is found in all nations and territories considered here
{Abbott, 1960).

Sirombus luhuanus is a herbivore; inhabiting shallow reef or lagoon flats.
[t would hecome a good addition to subsistence food if transplanted to those
nations'which at present lack this resource on their stitable habitats.




_ There'is a need to undertake & feasihility study to find sufficient sizes of
brondstocks for establishing new populations by transplantatlon as well as
study on larval deve]opment There are a number of repurts on ecological
aspects such-as spawning aggregation, seasonal migration, and growth as well
as effect of ‘huwan gathering on the populations in S. luhuanus (Frank, 1969;
'Gatterall and Poiner, 1983; Wada et al., 1983; Kuwamura et al., 1983:
Ritchie, 1986). '

'lf'larQEr strdlbs such as Lambis 1élbls L truncata, and L. chiragra were
_ cultlvated ‘successfully, they would be valuable as food and specimen shells.
'Length of larval period was ca. 3 weeks in L. lambis and juveniles grew

_ fairly fast on swall algae in a preliminary culture (Yamaguch1 personal
ohservatlon)

Larger turb&n spails such-as Turbo setosus and T. argyrostomus are favored
food - in’lany localities in Oceania. Other 1mp0rtant species of gasiropods as
food are-a‘trochid Tectus pyramis, species of hallotlds nerltlds and
cerithiids etc. Reef ranching of larger archaeogastrepods such as trochids
and:turbén snails are promising because they all develop as lecithotrophic
larvae which are easy to raise during brief larval periods without
supplementary food.

sea urchin

Only one species Tripneustes gratilla among many species of coral reef
echinoid is discussed here because of its abundance and palatability.

In the:Cafibhpan, a congener T. ventricosus is also important for its

~1oe as food. The abundance of this sea urchin stock has declined drastically
by u#érfishing in recent years, resufting in a collapse of this fishery in
Batrbados {Scheibling and Mladenov, 1987). Artificial enhanpement of
recruitment, by seeding natural habitats with hatchery cultured juveniles,

is suggested as a means of rehabilitating the sea urchin fishery.

A very similar situation prevails Hith'I. gratilla stocks in the Ryukyus
where the annual catches declined one order of magnitude (from as much as
‘two thousand io-a few hundred tonnes) in the mid-1970s. Ranching programmes
tu]reiéaSe'juveniles have been endeavored by government hatcheries in the
present decade without significant results to date.



seawceds

Sea grapes (Caulerpa spp.) are eaten raw as_marine-Salad at many.tropical
localities, These green algae are cultivated infensively in the Philippines
and Okinawa. R

2-2 Inshore reseurces for export as non-perishable raw materials

pearl ogsteré

There are three commercial species of pearl oysters in Oceania: 'Pin'c_tt_ida S
margaritiféra‘ p. pagima and Pteria penguin. The black—lipped'peai'l"c'jrst__er
P. margaritifera is widely distributed while the other two are more limited
to the western Pacifie nations, Australia, and Southeast Asia. Sims'-(ISBSb)_
reviewed aspects of biology of the two:species of }ﬁm and the history
and current status of pearl shell fisheries and pearl culture industries in-
Oceania. '

In French Polynesia, production (export) of the black-lipped pearl oysters
exceeded 1,000 tonnes per annum in some years during the 19_203, fluctuated -
around 600 tonnes per annus during the 1940s and 1950s, and répidl_g'de_ciined
in the 1960s to less than 100 tonnes per annum in the 1970s and 1980s. The
total export figures were 18, 97, and 92 tonnes for years 1985, 1986, and
1887, respectively. (S.M.A. , 1888). A similar fluctuation and decline in
export of pearl oyster shells is found for the Cook Islamds (Fig. I).

Cultured black pearis have become the most important export commodity among
parine products in French Polynesia in the recent years. This industry
depends on black-]ipped pearl oysters, spat of which were collected on
collectors in certain.atoll lagoons; because artificial production of spat
has been unsuccessful. Fisheries Division of the Cook Islands is trying to
develop pearl culture in their northern atalls and shells are also grown
from the natural spatfalls in the lagoons.

Artificial s_pat'p,roducti_on of pearl oysters has already been established
by private farms in the Ryukyus, for all the three species considered here.
One of the farms, Tasaki Pearl Ce., tried to eztend their eipertise in.
Tonga but a joint venture project with Tonga Government did not .come to
reality after feasibility studies and successful trial cultivations of



imported spat of all three species by the company in Vava'u for several years.

Although assisting in development of pear]l and pearl shell production in
Uceanla would bring up confliet of interest for the Japanese 1ndustry,
there are great opportunities for this lnternatlunal cooperation.

trochus

_ The commer01al trochus Trochus niloticus is an 1mportant material for button
blanks and its shell has been harvested at many localities in Oceania, as
well as in Southeast Asia. Transplantation of trochus was a major activity
by Fisheries Experimental Station, South Seas Agency, from Palau to other
islands in Micronesia, before World War 11 (4sano, 1983).

Efforts in its_transplantation'continued in the 1950s, and again in the
recent years in Oceania, including those from New Caledonia to French

Polynesia, Fiji to Gook Islands, and many secondary transplantation within
' island”groups;(ﬁiiiett, 1988&; Yamaguchi, 1987). Kiribati and Tonga are

' -Hithont-this resource and have not atteapted its transplantation, but both

are considering now,

‘Table § Import of trochus shell by Jjapan, 1979-1988.

Country 1979 | 1980 { 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988
Indonesia - | 4627 811 | 577 | 561 62| 677 | 1151 | 782 | 445/ 386
Philippines 177 170| 67| 81} 149| 115) 84| 68| 50 .108

Papua New Guinea | 82 249 | 271 343 | 455| 488| 428! 277 236 | 235
Solomon Islands 161§ 2841 265 | 376 | 403 428 635 | 533 ] 418 | 432

Vanuaty 52 81 21 28 0 0 0 1 0 0
New Caledonia | 243 539 | 323| 108| 82| 52f 47{ 581 17{ o
Fiji 107 149 | 166 221 B803) 335| 133} 120 121] 182
Micronesia* 474 § 244 | 251 | 228| 119 132| 138) 318} 40| 147
Others _ 125 | 188 147} 126 s2f st| 1es| 138 113] 128
‘Total (tommes) | 1893|2214 | 2088 | 2067 | 2365 | 2276 | 2660 | 2248 | 1440 | 1619
Total value | 543 | 777 750 | 830 | 970 987 {1218 | 18| 67| 82
(million yen) - ' -

Hean-valﬁe. 287 | 361 3591 401 | 410 425 | 458 .409 463 | 510
(,000 yen/ton) :

* Micronesia: Harianas, Marshalls, and Carolines combined
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Japan xmported mure ‘than 2,000 tonnes (per annum) of truchus sheIIs ln the
recent years Carieton (1984) postulated that total world produot:on was
around 3, 000 to 3,500 tonnes per year -for 1976-78 when Japan wWas lmport:ng'
from 1,800 1o 2,500 tonnes. The above Table § lndicates quantities and
values of trochus shell imports by Japan for the period of 10 years,
1979-1988. '

It is apparent that the mean import value has. increased rapidly in the past
ten years ‘This must have encouraged most of pruduclng natlons to exp101t '
more 1ntens1vely, perhaps resulting in overexploxtatlon -Usher (1884) neted
that increase in price of trochus did not correspond to that in harvest in
Indonesia, and he suspected depletlon of stocks '

Trochus is near commercial extxnctlon due to overexp101tat10n in Uklnawa
Accardlng to a recent. survey, harvest of trochus shells deciined sharply
after peaks in 1883/1984 at major production areas in Okinawa (Okinawa
Prefecturai Fisheries Experlmental ‘Station, 1989) In 1988, the Station-
together with Okihawa: Sea Farming Center Inltrated a trochus restocking
programme,'suppurted by a grant from National Government. In April 1989,
the first major field experiment, to release 100,000 juveniles, raised in
the hatchery, was inifiated. In their preliminary experiments, main causes
in early mortality of juveniles were identified. '

.Similaf programmes in trochus . restocking are planned or in progress in .
~ New Caledonia, Pohnpei in the Federated States of Micronesgia, and’ Palau,
and proposed fur Vanuatu by FAO/SPADP

_green snail )

The'gréen;snail'Turbd_marmoratusiis the largest species of Turbinidae and
shells more than 20 cm in diameter are 2 to 3 kg in weight. Its nacreous
shell is prized as materials for ornaments and inlay furnitures ete. Its |
geographieal distrihutioﬂ is rathetr limited to continental isiands .such as
Papna New Gulnea “the So loman Islands and Vanuatu in Oceania. Earlg life
hlstory and nther ‘biological aspects of the green snail uwere descrmbed by
Yamaguchi (1388&) ' ' '

It'is likelg-that the-main'prodﬁcers of greén-snail shéfls, Such aé the
Philippines, Indonesia, and Papua New Guinea, have overexploited their
resoutces (Usher, 1984; Glucksman and Lindholm, 1982; Wells, 1989). The



:recent price hik§ of the shell has been phenomenal, as it more than tripled
during the past four years in the Ryukyus. It is apparent that the market
demand is very strong but supply of green snail is limited.

Devashez (1861) investigated the green snail stock at Aneityus, a small
~isolated ‘island located at the southern end of Vanuatu, in 1959 and 1961.
The shelling of green snail and trochus had been prohibited in 1858
when  these stocks were found exhausted. Devambez's six ‘divers collected 11
green snails in 40 pin, diving at Aneityum in 1959, while 13 shells were
found in 10 min. by two divers in 1981. He concluded that the green snail

stock had recovered at Aneityum to the level that ailowed reopening of
harvestlng

During the present survey, the author hoped to ezamine undisturbed stock

of green snail at ﬁnéityuﬁ. However, guided by a local ezpert diver
fisherman, Mr. William Nejom, only three green snails were found during

ca. 3_h0ur'search at three different areas by two free divers {Mr. Nejom
and myself). This population density of green snail was likely to be orders
of magnitude lower than that reported in 1961. Overfishing was probably the
cause of the reduction in the green smail stock but effect of poaching by
foreign fishing vessels was also po:nted out by the local residents
including Hr. Nejom.

In the Ryukyus, when the snail was first exploited commercially in the

" 1880s, morte than 200 tonnes of green snail shells were ezported to European
market eaph year for about a decade. The fishery practically collapsed
early in.this century (Yamaguchi, 19880). This history clearly indicated
vulnerability of green snail stock under commercial ezploitation even by
free diving. At present, the green snail is in the state of commercial
extinction at most areas in the Ryukyus. '

There is no choice but to develop coral reef ranching of green smail, in’
order to restqck the reefs of the Ryukyus with this very important resource.
If such attempt would be feasible technically and economically, it will be
applied to transplantation of ‘the snail to the areas wilthout this resource
in Oceahia;fif suitable habiatats for growth of juveniles and adults were
found (Yamaguchi and Kikutani, 1889).



specimen and ornamental shells

There ate large numbers of shell species: utrlrzed or coilected fnr sale from
goral reefs as speclmen and ornamental shells, 1ncludmg those used for
materials of shelierafts It is a common sight that tourlsts are offered
vanous attractlve shells and shellnrafts at local markets in Oceania. -

Be’cause of its fishery is small-scale and artisanal in nature, 'statistical
data are lacking to evaluate importance of ornamental shell trade. It
appears to be: qurte 1p0rtant for ‘many peuple to generate cash income fros
the shel] trade .in QOceania. An assessment of specimen ‘shell resources was _
carried out in Fiji (Parkrnson, 1982). Although Fiji lies outside the faunal
center of Indo- Halayan subregron, it supports an extensive range of popular
shells. explurtahle for a small industry. '

Very little iS’ known :a'bo”ut reproductive biology of most ernamental shells.
It is often remarked that large atractive shells such as triton trumpet
(Charonia trrtonls) and helmet shell (Cassrs cornuta) are overfished, but
populatlfms of many of such shells are maintained by teleplanic (long
drifting) la_rvae, drrft_mg a_cruss the ocean. Therefore, local pressure may -
not necessatrily coniribute to decline of population at the specific site of

collection.:

The masorrty of shell specres Hou]d belong to those who produce pe!agrc
larvae, that mght spend several weeks to months as plankion, in Oceania.

If this is true, Iar_va} ._,r_ea_r_r_ng of ornamental shells may not be easy even .-
for th_Ose_ hatcheries which have good facilities and peopl_e Hith'ext‘leriehce.
For ezample, mass cultivation of larval triten trumpet has been umsuccessful
at "I‘a'rum-izﬂu Sea Farming-Gent'er,"n_f Kagoshima Prefecture, Japan'. They have
obtained large numbers of veligers hatched from egg capsules laid in tanks
but have not reared any to se‘ttleme’nt stage, which appeared to be reached
after more than 3 months of pelagic life. The larval rearing was attempted
repeatedly in the past eight years without SUCCESS. C

Stock enhancement uf shell resources mlght be possrble for some species -
by preservmg and deploying good habitats for growout of juveniles. Spat
collection of dominant species such as money cowries might be feasible
as it was cultrvated on palm fronds submerged in atoll lagoons in the
Haidwes (for pmductmn of large quantities of shell money!), according
to Heyerdahl (1988)
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regf—bﬂilﬂing*cgrals

Small-scale exploitation of reef-building corals for export or souvenir
trade. is common among the nations in Oceania. Such activities are -under
~_supervision hy_fishériés'quthorities in Fiji and are monitored in New.
“Galedbnia,-as_already méntioned in the previous section. Most reef corals
are now listed in Appendix Il of CITES.

‘Reef-building eorals often suffer from heavy infestation by crown-of-thorns
_starfish~ﬁcan%haster planci in Oceania, Chesher (1969) reported outbreaks
of the starfish in Guam and other Micronesian islands in the 1960s. There
‘have been numerous reports on the phenomenon for Fiji, Tonga, Cook Islends,
hmerican Samoa, French Polyneéi&,_New Caledonia, and Vanuate in the South
Pacific (Cdnand, 1983; Moran, 1986; Zann et al., 1987).

In order to facilitate recovery of coral communities after devastation by
Acanihasier infestation, coral planulae might be coliected for'plénting

on barren areas Hhen.cofals_reﬁrbduce anuually in mass—spawning'events,
Cotal nursery might alsc be established for artificial growout of species
‘useful in export trade, so that naiural populations would be conserved.
Basic research on this topic should be carried out to find out feasibility
of collecting and holding large quantities of coral planulae as seedstocks.

2-3 Export commodities as dried and processed products

beche—dé—mer

There are about 80 species of sea cucumbers or holothurians in shallow
waters in the South Pacific (Clark and Rowe, 1871). About a dozen larger
and more abundant species are harvested for processing into beche-de-mer
products‘hj'a complex'hrocedure (Conand, 1988 and 1989).

Eztent of commercial exploitation of beche-de-mer is very variable among
nations in'Uceania. Fiji, New Caledonia, the Solomon Islands, and Papia
'New"Guinea-harvest and ezport significant quantities of beche-de-mer,
while most others consume raw animals for subsistence food.



Recent increase 1n 1ts demand hy the Chinese market is likely to- be related
to economic development of the big pcpulet;on Overexplcltatlon of hlgh
quality species and shift of target ‘species to low grade species were
mentioned durlng the SPC Workshop on Inshore Flshery Resources chagement

at Noumea in March 1988. Stock enhancement using hatchery produced juveniles
wottld be desirable for high grade species but basic. study-on repreduction
and earls development of some species has only began recently for troplﬂ&l
holothurians. ' '

sponges

As they can regenerate from fragments, sponges can be cultivated ffom seeds
prepared from mother sponges by cuttxng into smail blocks, which . regrcw

to harvestable sizes in certain perlnds Thus;, thete i§ no- dlfflculty as
far as techniques are concerned in sponge culture. In order to make thls
aquaculiure a viable business in ‘Qceania, careful studies in selecttng good
sites, good spec1es for cultivation and marketing ;esearch to -identify.
dependable outlets should be conducted before implementation.

Storr (1964) pointed out some advantages'end disadvantages in spcnge cu]ture
in the Caribbean. The following factors would -affect any sponge culture
attempts in Dceanla as well.

(1) Because of the 310§ grewtherate of sponges it would not be until
several years after starting that any returns could be expected.
{(2) The possibility of total lcss of several years of work by storm is
- always present. ' :
(3) High density population of sponges might suffer heavy losses by
diseases which-might spread very rapidly among the cultured sponges.

2-4 Introduced species for aguaculture: case studies and lessons

commercial seaweeds

Cultiyaticn of ihe comnercial'SEaHeeﬂsi(EuchEuma-spp.) is most developed
in the Philippines, producing 25,000 out of 43,500 tonnes of the total
annual world productien in 1984 (Stanleg, 1987). These algae are prccessed
to extract carrageenan (water-soluble gums) which is used mainly in the
dairy industries such as ice cream, filled milk, infant food, custards,
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'shakes and yogurt as a gelling agent or emulsion stabilizer. Application
of semi-refined carrageenan from Eucheuma cottoni expanded for pet food
industry in the early 1980s.

Two species of Eucheuma (E. cottoni and E. spinosum) have been introduced
from_the.Philippihes to Oceania. Supported by grants from the Commonwealth
aid agencies; cultivation of these algae has been promoted in Fiji, Tonga,
and Kirihati-in the 1980s. There are plans to develop cultivation of the
seaweeds in some other nations such as Federated States of Micromesia
(Nelson, 1988), the Solomon Islands and French Polynesia.

Methods of Eucheuma cultivation is simple, as the alga grows from fragmented
thalii which may be fized on nylon monofilament strings held in the sea.

" There are:problems in this cultivation such as predation by herbivore fishes
and epiphytiec growth etc. but the greatest one is the marketing for the
farmers .in Oceania.

Because a-carrageenan extractiun plant must process at least a few. thousand
tonnes of dried seaweeds annually in order to be economical, it would be
out of question for any small island nations to operate their own plants,
not to mention the present state of this matured industry (Stanley, 1987).
Large capaci{y of fresh water supply necessary for processing would be a
limiting factor even in crude refinery. Thereforé,.the seaweed farming is

at the mercy of the market outside the area. It would be very difficult for
small nations to penetrate the ezisting market by producing relatively swall
quantities. ' '

A New Zealand farm was eriginally supparting the plans to develop the
~seaweed farming in Fiji and Tonga, offering expertise in farming and
prospect in purchasing the products. In Fiji, 173 tonnes of the dried
seaweed Were exported in 1986 for the first time. It increased to 217
tonnes in 1987 but fell to 60 tonnes in 13988, due to a trade ban by New
Zealand. Tonga exported ca. 10 tonnes of the dried seaweed in 1986 but none
thenafter. In Kiribati, 24 tonnes of the dried seaweed were purchased

from the farmers by the Government in 1885, and market trials were made.
(present status unknown).

The commercial seaweeds are in theory good for aquaculture in QOceania but

are in fact facing serious marketing problems which are difficult to
overcome hy local efforts.



green mussel

The green nussel (Perna v1r1d|s) is d:strlhuted alnng the South China Sea
in China (Zhang, 1884), the Phlllpplnes and gther nations in Southeast Asia.’
~ Much. atténtidn has'béen pald to this species for devglopment_of ‘aquacul ture
in Southeast Asia and Gcean1a “The channel mussel (Perna canaliculus), also
called as green nussel bg locals,-ls cultivated in New Zealand.

Aquacnlture of musselsl(ﬁgillus edulis) are most'developed in France,'
producing more than 40,000 tonunes per annum which surpassed the total -
harvest from natural stocks in the recent decades (Bonnet and Troadec,
1987). ' :

'French 1nst1tut10n IFREHER has developed ‘methods in- spat productlon of
Perna v1r1dls in the hatchery at Vairao, Tahiti ‘(Coereoli et al. 1984).
In Tahiti, there is no native population of thls mussel and the lagoon
water is not rich enough in phytoplankton to support naturally-breeding
population for spat collection -in the field. Therefore, the hatchery must
be self—containéd:to feed artificially its broodstock with cultured
phytoplankten in raceway tanks. ' .

Fafmlng‘gfbunds_suitable for the gréen mussel are limited to enclused_.
ponds or lagonns'withléxtremelg rich food supply. for the filter-feeding
mussels. In Tahiti and also Raiatea, shallow inlets enclosed by dikes are
used for growing mussels. Although the mussel withstands rather large
fluctuatldns in'salinily and water temperaiure, unstable environment
associated with the culiure sites may cause high mortalities.

Cultivation of the greén'hUSsel,-usjng spat from Tahitl, has been tried at
several areas in Oceania. In the Cook Islands, an area in Rarotonga
considered to hE'suitahlé for growing muSééls'was in fact a poor growing
site because of" def1clency in -food condltxons (Sims, pers. comm.). The
mussel did not-grow well in Tonga, also. Results of culture trials in Fiji
was inconclusive. However, it was successful at least in certain lagoon
areas in Western Samoa, as far as the growing of mussels was concerned.

Production of cultured green . mussel has not replaced imported mussels in
French Polynesia ‘to date. Because suitable farming area-is limited for
the mussei, prospect in expansion of its cultivation may not he’ great in

.Oceania as a whole.



introduced aysters

The South Pacific Islands Fishery Development Agency (SPIFDA) was
erganized ‘jointly by UNDP/FAO and SPC in the early 1970s. One of the two
aquaculture consultants sponsored by SPIFDA, Glude (18Y2) recommended
moliusc culture development using introduced oysters. Although some of the
recommendations were followed, ne viable projects resulted at any of the
Pacific islands (Uwate and Kunatuba, 1983).

Glude (1884), in retrospect, admitied problems in developing mollusc
aduaculture in Oceania, such as inadequate nutrient levels in supporting
phytoplankton and poor.adaptability of the temperate species of oysters to
the tropical environment.

Bayne et al. (1973) demonstrated that a cold-water species of mussel
Hgtilus.edulis failed to grow at 25 C, even under high ration of food
because the energy balance was negative (see Figure 3). The high water
temperatures in the itropics naturally drives the basic metabolism of
poikilothermic species upwards if acclimation was not sufficient. Even

if the summer temperatures were similar to the tropical conditions for

a temperate oyster such as Japanese oyster Crassostrea gigas, it may not
grow well under constant high temperature which is likely to be stressful
{Mann, 1979).

Under normal circumstances, it is not wise to introduce temperate species ti
the tropical environment, particularly oysters. There are tropieal oysters
such as mangrove oyster Crassostrea glomerata and rock oyster C. echinata

which should receive more attention if oyster culture was indeed desirted.
It should be remembered that even the cultivation of the local species C.
glomerata did not last long in French Polynesia because of parasite problesn.

Similarly to .the case with the green mussel, cultivation of oysters require
high concentration of phytoplankton in environmental waters. There has been
little'Study to evalﬁate'the energy budgets of those bivalves in relation
to the local conditions in suspended food particles in Oceania. It is
important to carry out a basie study in this aspect (energy budgets in

- mussels and oysters etc. in relation to concentrations of food) in order to
evaluate suitahle farming sites before implementation of culture projects.
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3. Some Characteristics of Reef Mollusc Resources

,Goral.reef resources are quite different from temperate ones in many ways,
so that direct application of technologies and concepts developed in the
colder waters would often fail to work in the tropics.

The following discussion will focus on some points which are important in
resource enhancement, transplantation, and aquaculture of teef molluses.

3-1 Geographical distribution and larval dispersal

The great majority of marine benthic molluscs produce pelagic larvae for
dispersal:in-the trbpics. The length of planktonic 1ife may vary greatly
aﬁqng different-gfo&ps or species. For ezample, species of cymatiid
gastropbdsﬁsugh as the triton trumpet, Charonia tritonis and the short-neck
triton, Cymatiue muricinum ate likely to have long-lived larvae which may
disperse - widely in the ocean. Scheltema (1988) described 'teleplanic’ (long
distance) larvae of cymatiid and other gastropods from all the tropical
seas. On the other hand, trochids and turban snails have short-lived larvae
remaining for less than a week as plankton.

The range of gecgraphical distribution is notl necessarily related to the
length of larval life in many molluses. All the giant clam species so far:
studied produced very similar larvae which spent pelagic lives of around
9-days, but they differ greatly in ranges of distribution (Lucas, 1988).
The green snail is found within the Indo-Malayan subregion in addition to
the western Indian Ocean Iocaiities, but a. congener Turbo argyrostomus is

widely distributed in the Indo-West Pacific. Nevertheless, they produce
larvae of very similar morphology, size, and pelagic larval life span.

Some molluse species are more confined in their geographic distribution,
probably because of their limited ability for pelagic dispersal. I noted
absences of certain resource species in Tonga and other eastward nations

in. Oceania. It is often argued or questioned that introduction of certain
species might be detrimental to ezisting species because of competition.
Hnwever;'thnse_sp&cies which ate sympairic in other areas should be
consideréd'favurably because they are likely .to be accommodated ecologically
in the "new’ area. For ezanmple, trochus, the green snail and some of the
giant clams have been subjected to transplantation without any conspicuous
ill-effects, at least with regards to competition, to date.



Kost reef organisms found in Oklnawa are dlstrlbuted w1dely 1n Ooeansa
Islands of the Ryukgus are located along the warm Keroshio Current whloh
may transport pelagno larvae of" many reef animals from the upcurrent areas
such as the Philippines. In faot,'almost all mollusc resources of the
Ryukyus are also found in the Indo- -Nalayan- sebreglon of the Indo-West -
Pacific. Thus, studies on aguaculture and reef- ranohlng of resources in
QOkinawa is useful in many nations 1n Oceania. '

8-9 Life—hietory strategies

Populations of Iarger benthlc organlsms on the reefs are malntaxned by
low or episodie recrultment as indicated by adult- predomlnant populotlon
structures. Long life. spans of adults and iteroparity" (repeated spawning
by the same. individual over number of years or seasons) would compensate
for such-reerultment, in order to malntaln the populatlon level

Uverharvestlng broodstock popuiatlon uould then be very Ilkelg to result
in destructlon of the resource. Re]at17ely long (at least two and often

4 to' 5 years) life span hefore_sexual maturation mlght superfto1al]y_keep
hatvestable stock for a number of years before a sudden total crash.

The above population strategies of larger'and*important_mol}ueo.reSOUrBES
tend to make intensive cultiyation:uneoonomieal_in,the short term. It is
probably ideal to maintain iarge'enough‘hroodstocks at'strategic areas
so. that the population would be malntaxned by natural reproduction and -
reerultment aithough natural recrultment levels may he normally low or
~uncertain. 1t is of course useful to implement stock enhancement by
releasing juveniles thch were reared in hatcheries, if such actlon is
"fea31b1e and cost effectlve

In order to restock'or introduce mollusc resources, there is no alternative
but to try to produce Juvenlles for releasing. Because of the life hlstroy
strategy of the animals mentloned the above, it wlll be a long term pro;ect
to implement and - is unprof:table for private undertaklng Therefore, a

reef ranching project with stock enhancement and. introduction of green
snail and other reef molluscs. should be carried out by government/aid -
-subsidized hatoherles until establlshment of self-sustaining populatlons
Such 'investment Hould be repaid in the long term as exenplified by the
rmang attempts of trochus transplantation in the past.
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3—3l00mpehsatfon.égainst poot hapkgrbund'nutfition level

‘The coral Teef enviromment is nearly devoid of phytoplankton for filter-
feeding bivalves. Those bhivalve molluscs which are successfully maintaining
large populations, as harvestable stocks for humans, are found living with
fssmbicntsfSuch-aS_zodxanthellae'nr_cheno—autotrophic bacteria as in the

case of giant clams and lucinid clams.

In relathn'ﬁu the above, it is important to understand why some other
bivalves such as the black-lipped pearl oyster and bloed cockles are
locally very abundant at certain reefs. If they were dependent on some
factors which were reproducible or manageable, then it might become
possible to manipulate them to enhance the stocks in other areas.

It is striking to see great abundance of frochus at some reef areas, before
or iithoutﬁharvesting efforts, in contrast te the paucity of visible food
organisms ‘for them. There has been little study on nutritional value and
productivity bf~éncrusting.micru~f10ra over the limestone substrates.
Therefore, a basic study should be carried out on the energy sources for
the substrate  grazers on the reef, in order to evaluate carrying capacities
of the habitats.

If the population density would be too high for the resource animal to

gain enough nutrient for reproduction, it should be kept lower than such
level by redistribution or thining. Gonad conditions of animals from various
‘populdtionwdénSity levels should be compared in order to verify this peint.

- 3-4 Physiological constraints

It has been found that many coral reef animals live in environmental
temperatures close to their lethal levels. For ezample, most reef-corals
may not survive i1f itemperatures were rtaised about 4 degrees above the

- ambient level. Although data on ‘individual species are lacking, it would
- be wise: to be cautious in handling broodstocks, larvae and juveniles of
resource animals with regards to the environmental! temperature.



4. Socio-Economic and Other Aspects in Fishery Development

4*1-Relative-impnrtance of'subsiétence fisherg in the;local eéonomy

It is ev:dent that the majority of 1sland natlons in Oceanla still retain
subsistence flshery as a dominant sector (Ca]laghan, 1988), although. esact
levels of .its contribution are largely speculat:ve It is also clear that
the artisanal frsherg_sector is developing along with urbanlzatlon et
population BEnters, '

The so-called :subsxstence affluence at rural areas is more or less'
kept lntact by enlgratlon of part of the 1ncreasnng popuiation to urban
centers or, in some countrres. outside the region. However, it is only
matter of time before there will be 10 moTe -space to absorb the rapid
population increase 1n Ueeania at large

Certain -mollusec resources are targets for cash income as.: uel] ‘as.protein
source by many rural people at sub31stenee level. Because sedentary .
resources. such as molluscs and holothurlans are prone to. overharvesttng,
attention should be focused on developlng technologles of their stock
enhancement and ranching (Yamaguchi, 1989). '

There mlght arise some conflacts in dlstrlbutlon of assrstance effurts--
between rural sub31stence ‘and urban commercrai flsher1es development .-

Urban ‘development would be more attractive politically and also contrlhute
to the cash econonmy, hut-reAnfor01ng rural "subsistence affluence’ would be
beneficial to overall balanced develapment in small islands.

4-2 Sea temire and commons system in Oceania

Sea tenere'and COBMORS System is very variable and has been chaﬁging;anong
the -island nations in Oceania (Johannes, 1888). As already mentioned for the
Federated Statesof chrun831a it ié'different from state to state or even
among different islands. Thls fact must be con31dered whenever any fishery
development plans, involylng exclusxve use of sea areas, are implemented.

“There are;many-attemptsfat keeping'gian{ clam circles or broodstock holdings

in Yap of the Federated States of Micromesia and in Kingdom of Tonga, etc.
The traditional sea tenure system is very much alive in Yap so that the
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Marine. Resources Dl?lSlon of the State Has able to distribute the clams
among the munlcxpa11t1es ‘throughout the island. On the other hand, the
Ministry in charge of the giant clam circle in Tonga had to keep & c]ose
eye on the circle,; and as such they had to resort to placing the clams under
unfavorahlenen71ronmentalwoondltlons A1l Tongans share the fishing grounds
as ﬁarine commons with free access. - |

The range of stock distribution is related to larval dispersal and therefore
a brdodéfﬁck'of dne'resource'may.contrihute to recruitment to areas other
than the orlginatlng one. Larvae of the archaeogastropods (trochus, the
green sna;l and others) and giant clams are relatively short-lived, so that
unit: stqck,uf a.resource_may be managed within one swall island or part of
largef islands, depending on the area sizes. However, this size may not
necessarily correspond to mangagement units under sea tenure, where exist.

',In order. to implgment'IEEf_ranching-and stock enhancement_of sedentary
resources, fishéffes or . marine resources authorities would need to seek
strong support from local residents through public educatlon and other
means, because enforcenent of conservation measures is very difficult
withouf self-control. They should explore this by careful appraisal of the
. situation at each locality to avoid the 'tragedy of the commons’ problem.

4-3 Destructive fisheries and envirommental degradation

There areiﬂidesﬁréad-prublems of destructive fisheries using explosives

and toxic materials etc. in Oceania (e.g. Chesher, 1985). Destruction and
'degfddatiOn of-vérious habitats, including nurseries for juvenile grow-out,
by reclamation and pollution are also prevalent in shallow areas near urban
centers (e.g. Pastorok and Bilyard, 1985).

Johannes (1975) reviewed this problem in the tropics and -pointed out
‘research needs in many aspects, by pointing cut diffrences in responses of
ecological communities to environmental pollution between tropics and
celder waters. -

The South'Pacific Regional Environmental Programme (SPREP), established
101ntlg by SPC SPEC, ESCAP and UNEP in 1980, has formulated an action
gplan,(UNEP 1883) for panaging the natural resources and environment of
- the South Pacific Region. Many activities and projects are in progress
under this action plan, including dynamite fishing probles (SPREP, 1988).
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The reef resources are sedentary and dependent on hea]thy state-of habltats
for thelr growth and reproduction, Partleular attention should be paid for
protection and management of nursery grounds, such as’ 1ntert1da] seagrass
meadows and rubble/boulder zones, in order to maintain grow uut habitats
for seedlings in reef ranching and restocklng prnjects

4—4 International cooperation

There are a number of reglenal, pultilateral, bilate}al and individueal
activities in menaglng Teef" resources and develepxng reef ranching and
aquacuture. Some pre;eets such as those supported hy FAO South Pacific
Aquaculture De?elupment Project and SPC Inshore Flsherles Research PrOJeet
are described - 1n earller seetiens '

Activities in?nlving giant clams have been most conspicuous and wide- ranging
among such pre;ects ‘The giant clam culture at the HHDL of Palai has been’
supported by Pactflc Flsherles Deve]opment Foundatlen (PFDF) of the U.5.A.
and other agencies. The Australian Centre for Internat:enal Agrlcultural
Researeh (ACIAR) supports ‘a multilateral giant clam preJect,_lnvolv1ng many
nations of ‘not enly Pacific but. also Suutheast Asia. Furthermore, the
International Centre for Living Aquatlc Resources Management (ICLARH) has
established its giant clam hatchery in the Solomon Islands. In addztton to
the above, bnth Okinawa Prefectural Fisheries Experlmental Station and Sea
Farming Center are working on restoeklng of small herlng glant clam Tridacna
crocea. '

It will be-goed to prnmote'éieilar'efferts of fntérnational and fegienal
cooperation in developing other resources. SPC Inshore Fishery Resources
Project proposed to organize greues of specific interest for dissemination
of information among the researchers in the region (SPC, 1988). In this
conngction, fisheries résearchers of Okinawa should actively ezchange
ideas and information with those workihg on the same resources in Oceania.

The traditional method of bilateral assistance may limit such activities

L as internatienal and regienél'ceeperation of fishery development in Oceania.
It s essentlai to upgrade: capabilxtles of fzsherg werkers threugh close
collahoratlen in the Hhole region so as to be able to taekie many preblems,
related to the same resnurces by as many researchers as possible w1th1n
the llmlted man-power Teseurces. '
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CONGLUSONS

Coral Reéf:Ranﬁhing'and Lagooﬁ-Farming of Inshere Sedentafy Reséurces.

Reef ranchlng and- farmlng of some molluscs and other: sedentarg ‘organisas
_uould contrlbute significantly to flshery developmént in Oceania. Although
their commodltg values ‘may f]uctuate accordlng to market demands, shells
'and dried prodicts can be stowed at minimal costs, unlike fresh products,

so that large enough quantities for export would be accumulated and that
their marketing would be managed. Furthermore, shells would become important
- SU&rﬁes and materials for small-scale indusiry, manufacturing value-added
‘shellcrafts and ornaments in addition to button blanks (Smith, 1988).

Because of the ease with harvesting and increasing demands in the markets,
mollisc resources, such as trochus, green snail and pearl oysters, have
been subJected to overharvestlng at many localities. Larger giant clams
also have been over-exploited for food. There is a pressing need  to help
“alleviate this problem through resource enhancement by tanching/farming of
hatChetg—produced juveniles (Kafuku, 1988; Yamaguchi, 1989).

Introductions_nf resource species, which are leocally absent but are found
elsewhere in the Indo-West Pacific faunal region, inte vacant ecological

niches at certaih localities would be beneficial to fishery development.

‘Reef molluscs as resouce animals are mainly low in the trophic level and

arte uniikely'tn cause probless of ecological disturbances associated with
their introductions. The past efforts in trochus transplantation resulted
in pfdvidihg cash income for many rural communities throughout Oceania.

Hatchery production of juvenile molluscs would minimize the problem in
intfoductiOn of the target species associated with pests and other
_undesifablélorganisms, because these organisms would be checked by
quarantine facilities of the hatchery.

Dﬁmestibation'of[reSOufce species should be carried out through hatchery
prqductiﬁn of juvehjles and selective grow-out of those having suitable
traits and qualities. On the other hand, information on population genetics
of the wild stocks should be carefully studied before disturbing natural
sgstems by trahsp]antation.
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In order to develop the reef ranchxng and lagoon farming of various species
of molluses, greater efforts in basic research are required. Most workers
in the small island nations are usually overwhe lmed by many problems of
day-to-day operations and are often unahle to concentrate in research and
development of new topics. There are only a few. research institutions which
may be able to tackle basic problems jn_reef ranching and lagoon farmyng

in Oceania.

Network of Reéeérchers working Dn*Reef_Ranching in Oceanisa

Theré.ié no regular: forum fcr'researchers yorking on the inshore resources
in Oceania, other than the Special Interest Groups to be supported by the
SPC Inshore Fishery Resources Project It is vitally important for the
researchers to eschange information and ideas on SPelelc topics by
assembling at regular seminars and workshops and also by site visits at
institutions of other workers.

The COSt_tb support such activities as the above would be significant
because of the great,distahces involved for the researchers to travel:by
air. There are some opportunities provided for junior workers to be trained
at certain institutions such as MMDC at Palau. While it is very -important
te have such training coursés; indepenﬁént researchers should also be
working on original research and development projects. In order for them to
be able to pursue such projects, financial assistance is required not. only
for project itself but also information exchange.

in the case of reef ranching and lagoon farning of molluscs and other
sedentary resources, a network of researchers may be established for
exchange of information by newsletters, regular meetings and occasional
site visits, Expert meetings may be held alternately at different
institutions with financial assistance by appropriate aid agencies. 1 hope
that JICA would be willing to support such activities.

Establishiﬂg and Expanding Core Institutions in Okinawa and Eisewhére
_Et is ev1dent that researchers of thnawa 1ead the area of reef ranching

of gastropods and seed- productlun of ‘various species of molluscs and other
resources in the hatcheries (Shokita, 1988). University of Guam Marine



Laboratory is.at present pioneering ranching and farming of holothurians or
sea cucumbers. MMDC at Palau, James Cook University of Australia, and many
other hatcherles in Oceania cuncentrate on giant clam farming.

Because the hasnc needs are almost the same for ranching and. farming of
various reef resources, research and development involving new targets would
be carried oul at strategic institutions while field application of
establlshed specles would be executed at field stations or lecal facilities.
Such segregat:nn of efforts might be possible if development projects would
be organlzed and supported in an integrated manner and participated by a
network of researchers having good communication ameng them.

Fishery institutions of Okinawa in.the past have paid little attention to
the de#elopmsnt.elséuhere in Oceania, but they are much more concerned and
interested in international cooperation. Not only reef ranching and lagoon
farming but also other areas such as Fish Aggregation Devices (FADs) and
Tesources of deep water snappers and groupers are very relevant to the
cooperation and assistance. However, they have their ouwn commtttments in
hatchery production quotas and other development, so that additional efforts
to accommodate international programmes might become an excessive burdon.

It_wi11 be ideal that JICA or other appropriate agencies such as OFCF would
estahlish a fishery institution specifical]y designed to carry out research
and development in addition to training of personnels for the developing
nations in the tropics, with emphasis on resources in the Indo-West Pacific.
A core institution should be established in Okinawa, where are relevant
resources are available for research, in association with the existing
laboratories of Okinawa Prefecture, Japan Sea Farming Association hatchery,
and the Univeristy of the Ryukyus.

The facilities of MMDC at Palau would be expanded by JICA assistance, so
that this institution would be acting as a research center of Hicronesia
(see Anraku, 1989a and 1989b). Of course, this will depend on the decision
to be made by Palauan Government but they should be informed of the needs of
such international and regional institution which is beneficial te Palau and
the neighboring nations in Micronesia. Likewise, other core institutions
may also be considered for Polynesia and Melanesia.
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