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INTRODUCTION

: Troplcal and equatorlal Pa01flc islands genelally have only a small
emerged land:area, But a. particular structure has evolved through geologic. evoluu
tion and ¢oastal coral reef morphology which: provides & very Wlde surface of con~-
trolled water. "In"the global search for rnéw. 51tes capable of supportlng squa- -
culbure, dévelopment 6f such islands emerges ‘as the most promising.

NATURAL BACEGROUND

Best aguatural sites

(1) Completely or partially.enclosed atoll lagoons

-Fully enclosed’ lagoons retain all the fertlllzatlon produced

. by washing and leaching of the coral barrier. By dividing of f ~
.Sections into ponds such lagoons offer the essiest’ mana”ement

- possibilities. Tt is alsg poss1ble to use:their potential as’ a o

 .whole: by introducing new specles which cannot then escape.
. .Where a narrow and 'shallow pasaage breaks the coral ring it 15
.. possibla, ea51ly arnd 1nexpens1vely, to organlze an effectlve
exchange of water masses. .

About one hundred atolls in the troplcal and equatorlal ok

- Pacific’ have completely or partially enclosed lagoone, mainly
in the Tuamotu Islands, the outer islands of the Society archi-
pelago, Line Islands, Phoenlx, Gllhert and Elllce and Marshalls.

‘(2) Karstlc-dlssolved pools in: old -coral reef structures.

) Many énerged recfs have small karstlc-dlssolved pools

‘ where the sea watér enters by filtration, Usually thé surface :;p;'”

' of such a basin ig ho more’ ‘than one or two hectares:afid the* =~

ffdepth one metre.  But Some rajsed reef islands have pools of
different sizes from one to one hundred hectares with a greater
depth of up to ten metres or more. - -Such .gites offer:tHe Hést

- conditions for marine farmlng as. fences may be built: easlly

_and at & low cost and a system devised for circulatiomisf =

.. water-from. pool to pool. Chrlstmas Island has more. thah
5,000 hectares of such structures and others are well de=
veloped in Palau (Western Caroline Islands) and in Vavua (Tonga ).
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(3) Inland bays with deltas and mangroves.

Some continental or. volcanic islands have large delta areas
with mangroves Many enclcsed brackish-water ponds and deep
channels ‘provdde good sites for aquaculture. But the best places
are the .sdlt flats which lie between the mangrove fringe and the
land. The main deltas are in New Caledonia (ot. Vincent Bay
20,000 hectares, Diahot 10,000 hectares, Dumbsa ), .in Fiji=
(Rewa 30,000 hectares, Ba 30,000 hectares, Daku 12,000 hectares,

Lombasa 10 OOO) and in the Solomon Islands -~ but such sites also

oexist o in other PlaCEu such as Palau or.Ponape in Mlcrone51a.

Natural stocks

(G )'

Often the best sites for aquaculture have ex1st1ng natural stocks which
can be used for 1n1t1al experlments 1n development :

- @

Molluecs.;meJ

Enclosed lagoons often have exten51ve beds of motherwofﬂpearl

A oyeter shell (Plnctada margarltlfera) the best grounds oceurring

in the Tuamotu Islands and northern Cook Islands., ‘Edible, nangihove
oyster, Crassostrea glomerata, extends over nany areas with heavy
concentrations in New Caledonia, Fiji and Society Islands,. . Rock
oyster, Crassostrea echinata, which is larger in§ize and 18 of a
stronger flavour, covers rocky areas of New Caledonia,; New Hebrides
and also Pzlau. Many: other edible shells oceur on sandy beaches

such 28 arkshell claim, Anadara, and venerld shell, gafrarlum

1

erustaceans. ‘

- Surveys have recently recorded several hlgh—den51ty stocks

; 'of Penaeldes shrlmpe i ‘deltas, muddy flate and mangrove’ channels.

Ta.ln New: Caledonia Penaeus monodon, P. merguiensig and P. semlsulcatus

“-December/January in Nelanesaa.-

and; in Fiji P. monodon and P. semisulcatus. Penaeides shrimps can
adapt their biological cycles to 2 pure -atoll. environment (two

. .8pecies.were recently discovered on Tarawa Atoll, Gilbeért Island)
.. Macnobrachium (giant fresh-water snrlmp) occuis In heavy denelty
~.1n every river of continental and volcanic 1s1ands.

At
P S

) Fish. -

) All over the troplcal and. equatorial Pa01f1c 1t 1s relatlvely
easy to" catch from patural stock fish-fry of grey ‘mullet (M
ceghaeus), blue ta11 muliet (Mugll scheli)’ and mllkflsh (Chance
chanOs) y Rabbltflsh (Slganus gg;) are also qulte common, -their
fry reachlng the coral ‘reefs in Aprll/ﬁay in’ Mlcrone31a and .
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(4) Turtles.

Green turtles (Chelonla mygas) and Haywlsbhill turtles
. {Bretmochelys 1mbr1cata) nest in breeding grounds of some of
- the rerote islands axfording easy oollectlon of eggs for hatchling
oultlvatlonD

'Openﬂspaces'for:new gpecies

R Isolation'increasés“from west to east in the widé tropical Pacific
~ .area and many potential but specific habitats remain unoccupied. It should
be possible to successfully introduce useful species without.damagine- the
existing equilibrium. Good examples are the transplant of a2 Trochus niloticus
populaticon in Micronesia between 1935 and . 1940 and.the sdme operatlon in 1957
from New Caledonia to' Tzhiti. Many areas appear to offer good’ potentlal Tor
the Japanese oyster, (rassostrea gi as, and also for other edible tropical or
subtropical molluscs such as the green mussel {Mytilus gmaiagdinus) from the
Philippines and Perna canaliculug from New Zealand. Possibilities of intro-—
duction of brine shrimp {sirtemia sallna) appear good in salt marshes and
'“‘lagoons of the drier islandsy ;oe. . ..o o0 e

TRENDS I AQUAGULTURE e e

- Policy of ueVeloopeﬁt S e

In some islands (Gilberts, Puamotus, Stciety, Tonga Tapu) people
i'tradltlonally oollect millkfish and mullét fry, placing it in natural ponds
-or:fenecing it off in closed lagoon areas so that there is always a ready

and safe supply of fish. But, apart from the Mikimoto pearling venture
on Palau Island between 1932 and 1942, no commercial aguaculture was
__ attempted in-the tropical and equatorlal Pacific islands' until 1959 when the
.'JEisherles Division of French’ Pdlynes1a started A programme- for farming edible
tars_ln Tah1t1 .and produclng pearls 1n the Tuamotu Islands.

. Slnce=1965 every terrltory in the ares has launched ‘an agquaculture
*,_enterprlse in order to wake best poss;ble use:of their natural resources.

. As such new fields of activity require. the assistance of many specialists
in various branches of scientific research and technology, widely-ranged
international cooperation was promoted through the South Bacific Islands
Fisheries Development Agency {SPIFDA) financed by UNDP, managed by FAO and
with counterpart assistance from :the South Paclflc Comm1 sion. This Agency
started its Plan_ of Operation during the: year 1970 by undertaklng SUTVeys
in-the area to assess potentlal for fish; and* ‘mollusc farmlng end also to
agsess turtle, lobster and beohe-deumer resources Folloulng on the re-
'commendatlons of the consultants, the SPIFDA Cons ultatlve Committee took
the decision in October 1971 to develop aquaculiure demonstration centres
in Palau, New Caledonia and Fiji; SPIFDA and other FAOQ experts were also
to give support to research programmes in the Gilbert and Ellice Islands
and in French Polynesia. National orgenizations were following other



programmes: Hawaii University has a project in the Chrlstmas Islands, the
Oceanic Institute (Hawall) in the Cook Islznds- and in Tetlaroa (French
_Polynesla) and French cxmxo in Tahiti. \

_ Wlth the more promising prospect of profltable undertakln a3, sSome
prlvate business enfered the field of . aguacyliure on their own account
(oyster farming in New' Caledonla, New Hebrides and French Polynesia, giant

fresh-water shrimp farmlng in Tahiti, pearl products in Taamotu).

éﬁétua and results‘as.at Januarvff§i3

(f) New Caledoni&; ‘ f'.. ;;;¥  u= EEE

P

" (2)

. Three private oystor farms are uﬂdertaklng small-scale farming
with native rock and mangrove oysteru. Catching spat is relatively

. -easy but- achleving a marketable mige product” takes three years.
~ ~Pydney oysters, Graqsostrea gommercialis, “are ‘imported and grow

well but they give “little spat for collectors. The.experimental
introduction of the Japanese oyster, Cragsostred: glgas, has given
excellent results both from natural spat from Japan collected on
Oyster shells and from artlflclal‘free‘ spat bred in California.

Commercial growth of Crassostrea gigas 'free' spat is being
tried on the west coast: in the south (Prony),~ the centre
(St Vincent Bay) and in the north (Poya)

The Fisheries Division of New Cgledonla ig gtarting experi-

.ments in farming Buropedn flat oysters. One private farmer is
.rexperlmentlng with Ostrea edulls artlflclal spat from California.

The SPIFDA St Vlncent Bay aguaculture demomstration centre,
supported by the New Caledonian admlnlstratlon, was completed in
August 1972 with an experimental pond 12, .000" square metres in
surface and 20,000 cubic metres in volume. Wateri's changed by
pumplng at the rate of 1, 200 cublc metres per hourn The present
programme lncludes experlments in farmlng naturel fry of mullet,

- rabbitfish and Pendgeides shrimps and further.research will include
induced artlficlal breeding of such species; . aa Israeli FAO

expert in, rabbltflsh breeding research is already app01nted for a

ffull year term. . Tirst results show ev1dence of the possibility
of farming banana Jprawns, Penaéus merguiensis, from post larval to

adult stage (12 g. males, 35—40 g females) in. less than four months.

New Hebrldes,

RS
I
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A prlvate oyster farm in Esplrltu Santo 15 based on collection

;of‘spat and farming of the native roci oyster, Crassostrea echinata.
Cultlvatlon of imported artificial Japenese oyster. 'free! spat from
- CallfOrnla was started during October 1972 and wesults appear good,
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Piji. .
In 1971 the Fisheries D1v151on of F131 started to. develop

an oyster farming scheme near Suva. Japanese artificial !'free!
spat was imported from California and was put in raft cultivation
after: glueing on masonite sheets. Large scale operatitonsiin 1972
were:successful, giving commercial-size Japanese' oystersafter only

© 9~10. months farming. The SPIFDA project includeés plins to enlerge

. the scale of experimentation and to survey other areas Where native

@

()

(6)

stock is abundant bul undersize. A prawn survey is to.'be-'
initiated to investizate the p0351b111ty of using the local
species for farming. Fish-ponds are already made for small-
scale mullet and rabbitfish farming in connection with the
mangrove reclamation scheme in the Ba area organized by the
Agricultural Division: this fisheries project is to be run

‘in conjunction with the SPIFDA St. Vincent Bay project in New

Caledonia.. -An PAO oyster culturist is app01nted for a one-
year programme from Mérch 1973. :

Western Samoar

An experlmental green turtle farm 1s being built by the

' Flsherles D1v1510n.

“Cook - Islands.v‘

An integrated aquaculture proqect meinly for mullet, was
started qn the recommendation and responsibility of the Oceanic
Institute of Hawaii which sppears to be sufféring difficulties
of logistics and lack of support.

‘Frénch Polynesia..

. ' The Iisheries Division is developlng oyster farming on
Tahaa Island in the Soeciety Islands for the Tahiti® market

~ uging the local (rassosirea glomerata. Fifty-two local farmers
~are forming a co—operatlve organlzatlon to market their products.

The maln woik of the Flsherles Service 1s concerned with

‘pearl productlon. Increasing the production of natural beds

by stocking them with 200,000 spat of mother—of-pearl shell was

‘tried ih Takapoto Island (Tuamotu) The fast growth of these
" shells Warranted extension of -such experinents by the co—operatlve
" societies of five other Tuamotu islands.

166 Polynesian islanders were trained in producing half
pearls and blisters by co-operative 3001e1tes in Hikueru end

Takapoto (Tuamotu) and in Gambier Islands. Many thousands of

~oo-first grade round pearls are also being produced by a private

‘French company on Maniki Island and by a Japanese company on

Takapoto Island.




Movie actor Merlon Brando, owner of Tetiaroca Atoll morth of
Tahiti, is apparently co-operating with the Hawaii O¢eanic Institute
in another project of integrated aguaculture.

Gisnt fresh-water shrimp farming, ‘started in 1970, has
suffered magor set-backs but will be on a new footing after the
return of ‘2 1local marine biologist trained in Hawaii. The national
French CWEXO is just starting a shrimp farming operation with a
. five-year. -programme of integrated experiments ‘ineluding South
Pacific dnd exotic species of Penseides. Penaeus merguiensis
breeding stock was transferred from. New Caledouia in December
1972rand in January 1973. Central American Penaeides znd
Japanese Kurtima Ebi will be the subject of applied study in regard
to artificisl breeding and cheap feeding formulas to be undertaken
in 1973- : :

‘Gilhert anﬂ Elllee Islands.

A general survey of aquaculture p0551b111t1es is belng

' ”":undertaLen by the Fisheries -Divisgion in collaboratlon w1th SPIFDA.

A FAO aquaculture expert from Taiwan is Worklng for a two~year
term in the territory. The main project is a scheme propoeed
by experte from the University of Hawaii for mass productlon

" "of brine shrimp (Artemla galina). eggs on Christmas Island if

™~

—

"+ the loeal goverhment gives support to this enterprlse it Would
be the first aquaculture business on a world-w1de Ecale to be
established in the Pacific Islands. . R

Truet Territory of the Pacific Islande.

While..there are doubtlese many sltee affordlng excellent

_potential for aguaculture throughout the islands .of Micronesia,

. Palau has been cliosen as the focus of a wide. programme. of applied
resedarch and experimentation. Palau mariculture demonstratiion
centre started as a SPIFDA project and is now supported -only by

American Sea Grant and the local Administration., . Small-scale
operations started in 1971 with a first attempt at collecting
‘native oyster spat and raising young Hawksbill turtles. The pro-
gramme for 1972 was enlarged t6 include commercial-secale :edible
oyster mroduction and initial experiments in rabbitfish farming.
Major development ‘should be possible in 1973 with the appointment
of a full-time American oyster expert using 1mported species, A
project of rabbitfish -and milkfish farming in Pelelui Island
,(southern Palau) is to be undertaken, u31ng a natural 3-4 hectare
lagoon, - o N . T



PROBLEMS OF FUTURE DEVELOPMENT

Selepfion of eite

Until the present tlme the choice of a coastal or lagoon site to develop
aquaculture in tropical or equatorlal Pacific islands has been made with only
scant knowledge of natural envlronment and possable product1v1ty.

Physlcal, chemlcal and blOlOglcal data on a- lagoon water mass has been
complled only from observatlon of a limited:number of areas over short periods.
.. No,series of 31multaneoue~ohservat10ns can be drawn on' to build up a compre-
hen51ve clagsification of thé best grounds for aquacultural development. Nor
is a great dgdl known about.movement.of_we¢er through the -lagoon passage and
phenomena of water exchanges between lagoon and open sea.

In view of the widely dispersed islands and the vastness of the area,
one must find new techniques affordirg means of simultaneously assessing
different factors, such as temperature and spectral components, over the

1argest possible surface. = Remote sensing and scanning by micrometer may
_be achieved from aeroplanes thue providing quick and exten51ve coverage of
- coastal and lagoon area, - Selection 'of a site should be based on a compila-

“tioh of comprehen51ve scisgntific data.of drchlpellgos hav1ng islands scattered
along a length of over 2,000 kilometres as the Marehalls Gilberts and Tuamotus,
Observatlons by satellite would afford the only real pQSS1b111ty 0f collating
chrono—sequentlal figures.

Eﬁdfobioldnical control ,

As in all warm countries the water masses of the tropical and equatorial
Pacific islands suffer quick stratification as happens in enclosed ponds. Dry
season trade.-winds are less harmful than the relatively calm and wet rainy
.Seasons. It ig, in auy case, absolutely essential to 'either use a system of
. wixing water or constantly ad;ust the water level through gates to correspond
with the rise and fall of the tide or ensure an artificial flow by pumping.
Subsurface water aerators can be ueed for mixing, as in‘Japan, fof ponds
ranging in.surfaée from one to two hectares, Incresse in oxygen will induce
a hlgher,product1v1ty giving a good return for the expenditure incurred in

. instelling an . appropriate system. One of the pajor problems 'to be solved is
the:control of thé fertilized enclosed lagoon or pond water- thhout eutrophiza-
.tion by constant action of the physlo—chemlcal factors.: It is not necessary
to :have a very expensive or sophlstlcated pumping system 1ntroduc1ng the deep
outer—reef water thus increasing the product1v1ty of the enclosed surface
water by a higher mineral-dissolved content. ‘This is necessary only for

. development of a long~term project 1nvolv1ng con31derable cgpital in keeping
with a major world scheme. Settirg aside such technology for the future, it
appears that the main areas sble to supply aquacultural development offer a
fairly high level of productivity culmineting in peaks of eutrophization as
in some Tuamotu atolls.



 Natural zooplankton, 1nolud1ng copepods, frequently occurs with a
sufficiently high density to support a high level of predatlon.: For
phytoplankton’ ome solution would be to develop assocated cultures of heavy
feeders like Artemia salins able to quickly clear a dangerous overuden51ty
and provide food supply for the carnivorous feeders.

Develonment of breedlns and feedlngffor large—SCale_productlon.

Produ01ng an adequute supply of sPat end larvae is a bs31c requlre-

" ment of any large-scale operation. It would not be safe to rely exclusively
on natural stock except where it is quite impossiblecto obtain. self-breeding,
ag in particular species such as milkfish {CHanos chsnos) For development
of oyster and shrimp farming, breedlng centres are necessary having supporting
field laboratories and the means of selecting breeding stotk and despatching

ST . sPat and post larvae all over the area. Hybrid species selected should be
S ..capable of making naximum use of the netural env1ronment.-

N But the main problem to fsce in large-scale proaects for ahrimps and
i, also turtles, and even- fish, is concerned. with formulas’ of cheap feed, As
'Hlall the islands suffer a total lack of second-class fish and shellfish to be

fused large-scale as natiural feéad, 1t Would appear necessary to restrict
farmlng to the herbiverous sP901es or to import large amounts of dry pellets
from USA or Japan., However, the associated developmerit of Artemie salina
ferming should provide -the necessary support for integrated shrimp farming
and the present search for new bonito and tuna fishéries may. furnish the
-‘”-opportunlty to use side~products from freezing plants 1n some places in
SRR Mlorone31a, the Gllbert and Ellice Islands and F131._ In the same way
i - -aghaculture opens a new means of using’ 51de—products of some. lecal industries
such as coprah mills and beer factories. -

- Logigtics

e “\l

The main problcm in the troplcal and equatorlal Paolflc is not to select
convenlent places for aquaculture - there are plenty and perhaps too many -~
, but to hare sound loglstlc support of transport and .mairtenance in such an

area.‘_ Many islands are too isolated for the development of any new enterprise.
It would.seem absolutely essential to locate new aguaculture ventures near
estebllshed and developed- centres which can provide: the necessary facilitiesg:

. energy, machinery, feed, storage, labordtory control, .ete: In the present
ecomemic .pogition of the ared, the only way to succéss is to promote projects

"""in the 31mplest form in the vieinity of the main centres. Exceptions should
“only “bhe" mede when a considerable invesiment is- belng or has already been made
in a remote area for some other objective such as’ e mllltary .project or atom
testing plant. The scheme far large brine shrimp ege production on Christmas
Island is aoceptable and promising because of the abundant facilities and
eguipment built up ten years ago for the Anglo—Australlan—Amerlcen atomic
tests. The sazme may be said of some Tuamotu islands: When the present French
experiments.are- terminated o r
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But, apart from such specific imnstances, there is little chance of
success in developing aquacultural centres without fthe support of air
transport, electricity, engineering services, lahoratory analyses, etc.
This severely restricts the choice in selecting a good site.

Marketing

On the hasis of present population distribution and econdmic develoP—
ment the area of the troplcal and equatorial Pacific has a somewhat limited
local market. It must always be remembered that the total population as of
: 1973 1s only 1,300,000, L,

"*7 (1). Famlly level consumption.

, When heavy overuflshlng endangers the reef and* lagoon
‘complex. a good solution of island-level problems would be-to build
up small-scalé traditional fish farming for mullet and milifish.
But as the population pressure is quickly decreasing in the outer
islands through islanders migrating to the main islands with urban

- centres, such development is falrly limited in the future,” The
one big exception is turtle farming which, when successful in
selection of feeding formulas, can prov1de a very popular and
successful famlly occupatlon. :

_(azﬁ:Marketlng at local and regional level.

Islanders now do not need focd so much as money, aquaculture
is accepted and regarded by local people only as an efficient cash-
""crop brlnglng a return of money., Some igland markets are importing
more and more sea products under pressure of the mrocess of - urbeniza~
tion and the progress of tourism.

Having from 60,000 to 90,000 consumers enjoying a high'level
of living and having many tourists and expatriates, Guam Island,
Tahiti Island and Greater Noumea City are each able to count on a
yearly market of about one million dollars in sea food, malnly
shrimps, fresh oysters and hlgh quallty fresh fish = and they can
easily expand this market fo more specialized products like half-
pearl snd bligters and small stuffed Hawksbill: turtles £5 the
extent of at least another half milliom dollars each. With the
‘booming tourist 1ndustry and increase in local stavdard-of living,

. Greater-Suva (Fiji) 1s rlslng to reach the same potentlal levels.

Prospects for reglonal markets as a Whole are encouraglng
and, based on the general progrdss of the many urban centres
serving as capltals for the different terrltorles, have a -
potentlal yearly growth rate of more than flfteen percent.

(3)- Supply of live baitfish.

. Inasmuch as maﬁy:recentﬂsuccessful surveys have located
bonito and small yellowfin tuna schools throughout the year in
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many island éroupe, there is clearly a strong need of baitfish to
supply local fishing fleets. Samoa, Fiji, Gilbert and Ellice and

: . the! Marshalls are alreaey concerned by the need of such a supply.

Producing baitfish is a fairly recent aquacultural objective but

it is already a promising one as prices can reach one dollar a

kilo for an appropriate selection of small fishes easy to keep
alive. The success of this new field of aquaculture depends
mainly on ability to select appropriate species to fulfil the re-
qulrements of tuna fishermen. . As the estimated 1ncrease of, Livebait
bonlto Ti8hing for the area is a minimim of 60, 000 tons, there are

- marketlng possibilities open for many hundreds of ons of oultlvated

11veha1t

(4) World market.

i

Potential for aquacultural development is so hlgh that it
should easily be possible to supply regional regquirements by
u51ng ng more than one ten~thousandth of the available natural
reeourees.i For the furtherance of island development the real
problem iz to challenge the:world market,: But, as transport in the
ares is partlcularly ‘hazardous and . ezpensrve, it is pecegsary to
select for the _purpose, speq1allzed ‘products of sufficiently high
value to absorb 1n'the1r selling '‘price thé cdost incurred in ship-
ment. As the eCOﬂOﬂlCS of feeding remains unsolved, the first
spe01es to be selected must be those requlrlng for their productivity
only a natursal environment.

Seen in this perspectlve the flrst ch01ce must lie in. pearl

andrgewellery products and” brine” shrlmo -eggs. - Both provide a

... product ;of value, easy to store and to transport, and for which
there is a wide-open world market for produgtion .of high waulity.

7:\”~Exp101tatlon of both requlres only 1mprovement to their. natural.’

.
1o

CONCLUSION

. environment: and the minimum of essential imported facilities.

Both must compete with strong competition (Japan far- pearls,
Amerjes: and Cenada for brine’ shrlmp evgs) but, as the world
mérket-needs 2 so much greater supply of top quality products,
the, Pacifie islands can offer‘thelr large, unspoined, warm waters,

w?heying easily exploitable facilities, as a substitute for the

polluted cdastal areas of Japan and California.  Such scope can
attract large companies to-enter Pacific fglands’ aquaculture as a
buelneSS 1nvestment In the category of produce able to absord the
expense of exp0rt transport are live prawns for the fresh market or
frozen plnk ‘shrimp tails, of which the first production would be
a511y taken up by regional requlrements.

Through a combination of scientific research, private investment, economic
development plamning by the territories and internationsl co-operation (UNDP, FAD
and SPC) applied aquacultural projects have already been launched in the waters of
the tropical and equatorial Pacific islands. Iimiting factors such as lack of
adequate knowledge of a large part of the area, difficulties-of supply of stock for
farmlng and of cheap feed, lack of logistics and hazardous marketing cannot impede
the present movement towards better valorization of the most extensive mass of easy-
to—control unspoiled, warm water in the world.

*




