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Foreword

Farming giant clams, the huge bivalve shellfish found on Australia’s Great
Barrier Reef and the tropical reefs of the Indo-Pacific Ocean, could become
a significant new industry in Australia and in countries of Southeast Asia
and the South Pacific.

Results presented at a workshop at James Cook University in April 1988
indicate that the culture of giant tridacnid clams is both technically and
economically viable, with markets for both clam meat, particularly in Taiwan
and Japan, and for the shells. The latter are used in a variety of ways, and
can be marketed through the well-established shell trade.

This publication brings together the literature and results of most of the
world’s research on giant clams, most of which was presented at the
workshop, and is likely to be a benchmark on the knowledge and potential
of giant clams for the restocking of tropical reefs, and farming clams both
extensively and intensively, in the Indo-Pacific region.

Throughout much of their geographic range, giant clams have been
overexploited, and in some areas of Indonesia, the Philippines, Micronesia
and southern Japan some species are now extinct. Because the clams require
clean, shallow, warm seawater and plenty of sunlight to survive, they are
easy prey for fishermen. The research work reported here will make it
possible to restock the areas where the two largest species, Tridacna gigas
and Tridacna derasa, were once plentiful, and help establish a reliable
additional source of valuable food protein for people throughout the region.

There are many problems to be overcome before the farming of giant
clams becomes an established new industry. The research so far strongly
indicates that clam mariculture has considerable potential even at this early
stage of development.

ACIAR is pleased to have played a pioneering role in this exciting research,
and we believe this publication will serve to stimulate further interest in giant
clam mariculture. I would like to thank James Cook University for hosting
the workshop, and for the strong support for the Giant Clam Project
extended by the Vice-Chancellor Prof. Ray Golding. The workshop was
officially opened by Mr Tony A. Burreket, MLA, Townsville.

J.R. McWilliam

Director

Australian Centre for International
Agricultural Research
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Summary of Discussion
and Recommendations

i) General

1.

The lack of an adequate knowledge base on the biological and socioeconomic
aspects of tridacnid clams, especially Tridacna gigas, T. derasa and T.
maxima, was identified as a major constraint to the management,
conservation, development and protection of current and future clam
resources.

. There is a need to develop adequate communications between research and

development agencies to prevent duplication of effort and to establish a data
base for the restocking of reefs, conservation and mariculture of giant clams.

. It was recommended that current knowledge on the culture and management

of giant clams be made available in a manual for countries in the South
Pacific and Southeast Asia who are interested in the mariculture of giant
clams.

ii) Socioeconomic Aspects of Clam Culture

1.

2.

L

There is a need to identify the potential export market for the various
products of clams to the developed countries of the Pacific Basin.

A better understanding is required of the reef ownership patterns, and the
cultural and economic implications of clam culture need to be assessed on a
country-specific basis prior to restocking reefs and the establishment of clam
mariculture operations.

. The shellfish consumption patterns and internal market characteristics of

South Pacific countries need to be assessed.

. The production costs, postharvest, transport and packaging requirements

for low-cost and capital-intensive production systems need to be evaluated
and export markets determined.

. The economic benefits, if any, of polyculture need to be determined.
. The likely social and income distributional impacts and gender roles of low-

cost giant clam production systems in the South Pacific need to be evaluated.

. Research is required to determine the degree of substitution of clam meat

with low-cost products such as scallops.

iii) Biology of Wildstock

1.

It was strongly recommended that the existing genetic diversity of the

tridacnid species be established throughout their natural distribution, with

particular reference to the following:

(a) Genetic diversity within discrete tridacnid populations;

(b) Relationship between growth rate, survival and desired production
characteristics in areas which have a suitable number of tridacnid species.
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. A study should be made of the strains of zooxanthellae that form a symbiotic

relationship with tridacnid clams, to determine the most efficient strain for
survival and growth of all stages of the giant clams.

. It was recommended that a gene bank of tridacnid species be established,

particularly those of likely importance for restocking reefs and mariculture.

. Identification of the most suitable broodstock based on the best genetic fit

was considered to be a high priority for both restocking and mariculture of
giant clams.

. The identification of the genetic/environmental interactions of 7. gigas was

considered a high priority for the efficient management of wild and cultured
clams.

. Understanding the short- and long-term impact of mixing tridacnid gene

pools from different populations was a high priority for further research.

. The increased productivity of 7. gigas by genetic selection needs to be

evaluated, and suitable criteria need to be established for selection of desired
characteristics.

iv) Reproduction and Early Stage Survival

1.

2.

A high research priority is the identification of the environmental and
biological factors that induce spawning of giant clams.

Research is needed to develop techniques to extend the length of the spawning
season without loss of gamete viability.

. It was strongly recommended that research be undertaken to identify the

biological and environmental factors influencing the survival of the early

larval stage of development of tridacnid clams, with particular emphasis on:

e the identification of the optimum requirements for settlement and
survival of the larvae;

e the establishment of the importance of various substrates such as colour,
shape, and texture in larval settlement and survival; and

¢ the development of improved, low-cost hatchery designs and techniques

to improve larval survival.

v) Nutrition of Giant Clams

1.

Determining the nutritional requirements of the larval stage of giant clams

is a high research priority, with emphasis on the following:

e identification of environmental factors that influence the nutritional
status of larvae up to post-settlement stage;
evaluation of the benefits of added nutrients for the larvae;
clarification of the factors that accelerate or impede the development of
a successful symbiosis between juvenile clams and the zooxanthellae.

. It was recommended that techniques be developed to manipulate and replace

zooxanthellae during the various stages in the life cycle of the clams, given
the pivotal nutritional role of zooxanthellae.

. It was recommended that the environmental and biological requirements for

zooxanthellae be determined.

. It is important to develop microcapsule techniques to replace the need for

algal feeding of the clam larvae.

11



vi) Mariculture of Giant Clams

1.

It was agreed that there is an urgent need to determine the most suitable
environmental parameters for the culture of juvenile and adult giant clams.
The parameters should be measured in such a manner that they can be
reproduced elsewhere. Emphasis should be placed on water temperature,
water exchange volume and rate, sunlight intensity and duration, depth of
clams and other relevant oceanographic factors for nursery and grow-out
sites. This will help establish the necessary site criteria for the various species
of giant clams.

. It is important to develop low-cost mariculture techniques for restocking of

reefs, subsistence and artisanal mariculture.

. Research should be carried out to develop or adapt existing growth models

and techniques to monitor growth of giant clams.

. Research is needed to identify the optimal environmental and management

factors that affect the quantity and quality of clam meat and shells.

. It was recommended that the physical markers of ‘slow growers’ be identified

and the impact of various culling rates be evaluated in relation to the total
biomass.

. The potential of clam polyculture with seaweed and other marine organisms

needs to be evaluated in biological and economic terms.

vii) Restocking and Conservation of Reefs with Clams

1.

A detailed study of the existing stocks of giant clams is necessary in some
countries to determine availability of broodstock and identification of the
most suitable species for culture and restocking of reefs.

. Identification of tropical reefs suitable for restocking is a high priority. It

was recommended that remote sensing data be examined as a method of
identifying suitable reefs.

. Research on low-cost techniques to restock and maintain suitable reefs needs

to be developed.

. It was recommended that countries that have significant clam resources

consider procedures to maintain and enhance their existing stocks.

. It was also recommended that research be carried out on the environmental

impact of clam farms on tropical reefs.

viii) Disease and Predator Research

1.

A high priority research topic is the identification of existing pathogens of
giant clams and their zooxanthellae, with particular emphasis on infectious
agents.

. Research activities should be conducted into the normal microbial flora of

clams to allow differentiation between pathogenic and nonpathogenic forms.

. A multidisciplinary investigation is required into monitoring of stress-

inducing management processes to determine the short- and long-term
impact on growth.

. It is necessary to successfully diagnose the noninfectious and infectious

disease processes and their aetiology; research is necessary to establish
descriptions of the normal tissues and their response to damage.

12



5. Itis recommended that emphasis be placed on the identification of infectious
pathogenic agents that may be transported by the movement of clams from
one region or country to another. This has particular relevance to the
quarantine precautions that need to be undertaken for such translocations
of clams.

6. The identification and control of the predators of clams during the various
phases of culture, with particular reference to the nursery stage, were
identified as important areas for further study.

7. It was strongly recommended that a regional centre be established for the
collection, diagnosis and dissemination of information on clam diseases and
quarantine procedures.






. L L ‘AJ"_J —

Scor .tor. "l o vt o
Fesea s a dl., Terywm t

IT is a unique opportunity to sit among the piona sin a fiela .J." y!
Certainly one can look at the bit ograph 2s on the giant clams ar .. nd
references as far back as de ... 1271 1:25 t tthe current empha... on
farming giant clams has bpult on t » s.' > =" 'sed technolcgical
developments of the 1970< and revealed the iate 1970s and early 1980s as

focal period for the principal early studies « | mari .. N
also go back to books wl ich we * Al latr- ~ (‘' ~
role in popularising marine research. Intk - . -~ < by Dakmcal' ' _\ustralian

Seashores,’ clams donot ever.  veasin -~ ment': Onemustad :that
Dakin’s book had a heavy emphasis on N>w £ _uth Wales. Pe _aps there is
aplace foranewerbooror . 'r asin . Reg ..’

Australia became involvec. .. . .. ture :velopment because a new
organisation called the Austral . Cent: for International Agricu tu .
Research appreciated froi 1.1ts first days tlat farming the sea was at least as
important as farming the .an -

H

ACIAR built , the find ngs of the . rpation.. Center - AN
Aquatic Resources Management (ICLA M) and the -
Mariculture Demonstration Center (MMDC® -+ 1 -ati- < the ¢~

supporting a study, coor*‘nated wurough "~ ~:x Cook U viisiv, 1u”
development of a series of bilatera agreements - * _the Philippines, F ia
Papua New Guinea.

This series of agreements depende: . .. the interest and relevant — but not
at that time direct -- expertise of staff at Jai s Cook U iversity tc allow
Australia’s entry into this new tield of . *search wh L u be seen as having
benefit to science, to the community, to entrepreneurs and to restoration of
ecological balance, by reseeding oi heavily e~ '»ited near-shore - 1 reef
areas.

One is tempted to name the obvious ; meers __ >ng you, at ths . .
Certainly they merit that recognition, bL*1 =~ resistthe - nf - on_
the exploration and developr - . ~.eto v-rentformet. . ¢ . laatI ..l
not inadvertently omit a name. 1 wo 1no’ nshto do an inju ..ic .. those
younger pioneers who may, for the mome it | :not clearly obvic  _.cause
of the shadows in which they do, temporai.ly, s 1.

* Director, Australian Institute of Marine Science, Towasville, ™ 1, Austr



3 b f DR - - Cee -V
. - " o ) 14 PN “
.y, L e
- I ) o a 4
n
I 'S ra
e o f 1 _ v.r- R
4 _ A | 1
. , !
, - —-
o R R . . ' s
. ; )

L i , 4 J »
N e " T
. o o - - : : ,
s <l : col /. ) T, D )
L 1 . . '
. S - z as
sf .o "L . .
o 4 . 7
y e -

11 P . v L S{ 5 y,

Ve
3y ' .
4 ' To. L !
- € _ o7 e -
T, T, F e . ~ L

S,

a

27



(A)
i
(8 H by af
W ' ; l__ in
T Lo
Seed —mMm
; 1
Tram fara Local [_ st ..ce
(&} : —Community: e
I‘ o on —I Supply | -
Live
clam Clam meat Shells
L| Prima: s sale
(D)
Live
(E) aquarium Shell
trade £3
S
nvieats
(F) o
G -
alt .listribmﬂ
J
(X) Consumer i
community. Fo: the _ ¥i -
stimulated the develbp = * [ .
encouraged th develop: @ - -
extended as a hat .2rya ~ _ - el o f r.

The spirit of scient1f: « . -
among the representatives o .. o
next stage of support wr = ~ |
collaboration, not ony IS . k
countries, among * ivers ‘as, :
hopefully, commercial veiop s ¢
exchange of information ¢ - ¢ meg b 5 -,
to have always been effected n* : ret-* 220 ¢ 5
the project suggests mechar..oms - mp._. . .. . :
exchange.

Today, I await with + .z .1n’ ' '
presentations from . iri.. T N . o
the Federated States ot oo 1o -
the Philippines, Fi° Par a Mav VI

The priorities may we' ¢ Ty - A
interest emerging on the st * >N ~

acn

reefs, to develop subsistenc *

(H)

L



7]

w

\d

n

Pl ...d o know what

- ' FU J " packed

> 1 le jes and impacts

~ S sofexy tandimport

” . _ ~ - nents associated
/ o I T3 IR

- R VI discussion

B . S .~° m r lations on

L em ges and there is

' ‘ s of 1ich country and
. © =) ecommendations,
"T > m, perhaps not

- ¢-~ ~-other government

. T - .ns 1st reveal a
. . oport to consideration

the ap 1cations of the
uty and ror commercial

i, must beenc . red by
. vw  _ - :hs, seeking industry
( * 1 - ommerc " :as, and

} . 4. . . T A dnarec_.
e ‘ developed 1n the different
! Ce developed in parallel
> L T . ng reefs. ‘Regional
v RAE " consequence of these
; ‘ i, _ - planning should be

4 ¢ iR 1 { - Haiaiiats W

uS : © - consideration of a
. T .~ t ons, shown in Table
¢ : v 111 would respect your
Do * your own country and

i T 1. . U'mr re can be viable

~ ~ ~ e early days of wheat,
/le > on clams is greater

>ducts when they were
. press and we must
. 4 .7 indust.. s that develop

. : n ma.icu will be
T o ~1ltura and economic
o irs. Understanding of the



o 18siol « aLreqi aal ~ent =5’ for pvent ¥ ntolamra noore,

ort- . m Lo g-te.r
Coun ¥ 3-8y (> 8ye s}
Philippinss -coul v neads Asiz 21d Worla
m3i ' ts
Tal Lp s Asfore rt- v

PR QYR T

G4 ¢ rnuntr G
potys  tric.
mt n i altra

fl - n
Solomon Islands Jwn-cc. ' S £ 71 anvaty
Moo
New "alsdonia Foow o e s Sour - crific
Fiii _. countr;a . u. As fors _rt-terr.
o 1, 02, ' 5 — seel av - market:
Zat ot
Austral Z. . .oantry, £.s form ¢ dri-term
Flusreos of qeane !
r_on ' -
. tr “.ir , fu tica
Papua New Guinea ymce 1o'ne s s I opormr
Tkely commerci '° w10
areft -t~ g Do i : "
inv. na ; - o, : S .
ongc ~ Tesc .

Lo C ot e o T tp D Wi -
pre ical . ..uon U T : . ,  ers
eac. 2l T

In this worksl « v ¢ ust L " the o,
wili make us more M "M LCE »S 1 « ° D o -
review team exp tar-~a at = oy > we Tvoyoqay
involved, tl @ vasa~ wide _ ~ -~ du " beta o
mariculturear « -~*hewic~-, ‘ » vo . - - : 1"

The-~ remair- 2 Z-nerr" ~= ~ ~neov s belief th-t clarm ¢ ~-vth is so ~'ow
thatthes; . _b:- t -~ _lys_.: 11 in ¢ »rpredaticn and

unsuccess.1. 4s a ~om vy farr..” sp- . You must correct such
impressions — not 7 scienc - but by comm n  ‘1or.
A hig' prior v must be| ‘ed onr w:ysto ..+ personal mnvoivement

of decisio w M. rawarel S0° 0 L a 1« de i clam mai. :ulty
Once clam farms « rercome the first 5 years d. . - of limited financia. . otus,
the crop is contint v 114 : analc 2 1« y well be drawn to coconut
farming which 1s wel! :nown tc: most 1 ac 1 °S.

Now I leave you te your own thoughis du 3 these important days. You
wi _learnagre t« . Youwiii¢ _- havethe -, Hortunity to help eacn _ her
in that learning. As pioneers, be not afraid to - -._ your questions © - ", and
to seek a clearer understanding of the differing challenges and opportuni: s
in this emerging t. .; biotechnological dustry. As statesmen of ‘ne
emerging industry be considerate of the Jd.ffering needs of your t..lc 5, . 1
plan for the long-term security of tI clam species involved, and of the
industries which will = based on them.

I wish you well in your deliberations.



~

0 L s

I »seri) My, Disoail ation aL

ie ey
- L. - P .
A [
Abstract
Tl2seven sp s T ogleat lams b 7, ceser. . ard | 7.y provi for their
o tifice anL cams a 7 awu b 'alved molluscs in having symbiotic
algae in t” .ir mantle tissues, Beingde nd 1t«. " Issy 1biosi. “or at least some of their
natrition has profound eifectsorthe ~op ' _~¢ * olo_ . Thelarval development

of giant clams is quit typical « “bivalved n o
e thereafter phototrophic. Growth is rapid in

e ove 2xploited in recent decades by local and
gs

-~ for research.

symbiosis is establis ed and the clams
the larger species. Giant cla 1S have

foreign fishern zn lecogr...ion of de I
for marict  rc - given recent impe

THERE is a dramatic difference in perception of
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of the Pacific Islands and Southeast ;.s. . Pac¢ f
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example, one account of giant clams n 1 serious
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Partly because of this strange perception of giant
clams, but mainly because of their occurrence in
tropical waters far from the main centres of marine

* Zoology Department, James Cook University,

Townsville, Qld 4811, Austraha.
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ks of giant clams and of their potential

s¢ ~ =2, there has been surprisingly little research on
giant clams until quite recently. The great British
_arine biologist, Sir Maurice Yonge, was one of the
¢ % who took a long-term interest in giant clams
(e.g. Yonge 1936, 1980).

S

Rosewater (1965) revised the confused taxonomy
of the giant clam family, Tridacnidae, recognising
six living species in two genera, Tridacna Bruguiere
and Hippopus Lamarck. He subsequently described
another Hippopus species to bring the total to seven
species (Rosewater 1982). Rosewater’s taxonomy of
the giant clams has been universally accepted;
however, it is possible that there are taxa as yet
unrecognised (see Lewis and Ledua, This
Monograph).

Giant clam species range in size from adult shell
lengths about 15 cm to greater than 1 m. Only one
species, T. gigas, usually grows to more than 50 cm
shell length and is truly gigantic. It is the largest
bivalved mollusc that has ever existed.

The seven living species of giant clams are
described on the following pages (see Govan, This
Monograph, for the names of the species in various
Pacific languages).



