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SUMMARY 

The structure of the project is outlined and the current 
research activities of the five collaborating institutions are 
listed. Recent research at James Cook Univers i.t y, the 
Commissioned Organisation, is described in more {detail. 
Mariculture research at JCU is concentrated on Tridacna g igas. 
New techniques for assessing reproductive condition and spawning 
induction have been developed. Intensive and extensive methods 
of rearing the larvae have been used with success. Progress has 
been made in overcoming heavy mortality of recently settled 
juveniles. Various methods of holding juvenile clams in their 
ocean-nursery phase have been tested. As a result, there will 
be a major research effort to develop an intertidal system for 
the ocean phases of T. gigas mariculture. 

PROJECT STRUCTURE 

The g i a n t clam m a r i c u l t u r e p r o j e c t ( P r o j e c t No. 8332) , 
funded by t h e A u s t r a l i a n C e n t r e fo r I n t e r n a t i o n a l A g r i c u l t u r a l 
Research, commenced in mid-1984 and i s planned to run for t h r ee 
y e a r s . The main o b j e c t i v e s of the p r o j e c t a r e to : 

(1) a s s e s s g i a n t clam s tocks a t v a r i o u s l o c a l i t i e s ; 

(2) s tudy growth r a t e s in n a t u r a l popu la t i ons and the e f f e c t s of 
environmenta l f a c t o r s ; 

(3) e l u c i d a t e the r ep roduc t ive b iology of g i a n t c lams; 

(4) de termine the optimum c o n d i t i o n s for development of l a rvae 
and j u v e n i l e s ; 

(5) a p p l y the r e s u l t s of t h i s r e s e a r c h to t h e d e v e l o p m e n t of 
l a r g e - s c a l e m a r i c u l t u r e t e c h n i q u e s . 

The o r g a n i s a t i o n s p a r t i c i p a t i n g in the p r o j e c t a re : 

1. Commissioned Organisation 

James Cook Univers i ty 

Overa l l p r o j e c t l e a d e r s - A/Prof. J .S . Lucas 
Dr. J . L . Munro (ICLARM) 
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Current r e sea rch - ( i ) r ep roduc t i ve b io logy and chemis t ry 

( i i ) i n t e n s i v e v e r s u s e x t e n s i v e r e a r i n g 
of l a r v a e ( concen t r a t i ng on Tridacna 
g igas in t h i s and i i i and iv) 

( i i i ) o p t i m i s i n g n u r s e r y - p h a s e s u r v i v a l 
and growth 

( iv) c o m p a r a t i v e s t u d y of methods for 
ocean-nurse ry phase 

(v) g r o w t h s t u d i e s t h r o u g h s h e l l -
s e c t i o n i n g and f i e l d measurements 

(v i ) development of a mic ro -encapsu la t ed 
d i e t for l a rvae 

2. Collaborating Organisations 

A. F i s h e r i e s D i v i s i o n , M i n i s t r y of Primary I n d u s t r i e s , 

F i j i 

Pro jec t l e a d e r - Dr. A.D. Lewis. 

Current r e sea rch - ( i ) s u r v e y of g i a n t c lam s t o c k s on 
F i j i ' s r e e f s (75% completed) 

( i i ) e s t i m a t i o n of n a t u r a l g r o w t h r a t e s 
of T. d e r a s a 

( i i i ) new Tridacna s p e c i e s , cf. T_. derasa 

( iv ) p r e p a r a t i o n of q u a r a n t i n e s e a w a t e r 
system to import T. g igas j u v e n i l e s 
from JCU t o r e - e s t a b l i s h t h i s 
spec i e s in F i j i 

(v) moni tor ing commercial h a r v e s t i n g and 
s a l e of g i an t clam meat 

B. Univers i ty of Papua New Guinea 

Pro j ec t l e a d e r - Dr. J.C. P e r n e t t a 

Current r e s e a r c h - ( i ) c h e m i c a l a n a l y s i s fo r n u t r i t i o n a l 
value of f resh clam produc t s 

( i i ) ch lo rophy l l con ten t versus s i z e and 
growth r a t e 

( i i i ) seasona l r e p r o d u c t i v e cyc l e s 

( iv) e x t e n s i v e c u l t u r e of l a r v a e 
(T. g i g a s , T. squamosa, FL hippopus) 

(v) env i ronmen ta l i n f l u e n c e s on g rowth 
and s u r v i v a l in n u r s e r y and o c e a n -
nursery p h a s e s . 
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C. S i l l i m a n U n i v e r s i t y Marine L a b o r a t o r y ( N e g r o s I s l a n d , 
P h i l i p p i n e s 

P r o j e c t l e a d e r - P r o f e s s o r A.C. A l c a l a 

C u r r e n t r e s e a r c h - ( i ) c o m p l e t i o n of s u r v e y of g i a n t c l a m 
s t o c k s i n t h e s o u t h - c e n t r a 1 
P h i l i p p i n e s 

( i i ) e x t e n s i v e c u l t u r e o f l a r v a e 
(Z* ££ii£ID.££.5.' ii* llJL£££££iL' H* 
p o r c e l l a n u s ) 

( i i i ) e n v i r o n m e n t a l i n f l u e n c e s on g r o w t h 
and s u r v i v a l d u r i n g t h e n u r s e r y -
phase 

( i v ) p r e d a t o r s of g i a n t c l a m j u v e n i l e s 
and a d u l t s 

(v) r e s t o c k i n g p r o t e c t e d r e e f s i n 
c o o p e r a t i o n w i t h f i s h e r m e n ' s 
a s s o c i a t i o n s . 

D. U n i v e r s i t y of the P h i l i p p i n e s Marine S c i e n c e I n s t i t u t e 

P r o j e c t l e a d e r - P r o f e s s o r E.D. Gomez 

C u r r e n t r e s e a r c h - ( i ) s t o c k s u r v e y s a t s e l e c t e d l o c a l i t i e s 
in t he P h i l i p p i n e s 

( i i ) a n a l y s i s of u t i l i z a t i o n of g i a n t 
clam r e s o u r c e s in t h e P h i l i p p i n e s 

( i i i ) p r o p a g a t i o n of c o n s e r v a t i o n m e a s u r e s 

( i v ) g r o w t h o f T . d e r a s a a n d H. 
h i p p o p u s 

(v) s p a w n i n g and l a r v a l d e v e l o p m e n t of 
T. squamosa 

T h i s ACIAR P r o j e c t a r o s e from an i n i t i a t i v e i n 1983 by Dr. 
J o h n M u n r o , ICLARM, t o d e v e l o p an i n t e r n a t i o n a l c o l l a b o r a t i v e 
program of r e s e a r c h on g i a n t c l ams : t he I n t e r n a t i o n a l G i a n t Clam 
M a r i c u l t u r e P r o j e c t . J a m e s Cook U n i v e r s i t y a c c e p t e d an 
i n v i t a t i o n t o j o i n t h e IGCMP and Dr . Munro i s an o v e r a l l j o i n t 
l e a d e r of t h e ACIAR P r o j e c t w i t h A/Prof . John Lucas . 

ICLARM i s i n v o l v e d i n t h e d e v e l o p m e n t of a p i l o t h a t c h e r y 
f o r g i a n t c l a m s i n t h e S o l o m o n s ( s e e t h e s e p a r a t e i n f o r m a t i o n 
p a g e ICLARM TO OPEN NEW PACIFIC REGIONAL AQUACULTURE CENTRE), and 
i n s t o c k a s s e s s m e n t , p r o d u c t d e v e l o p m e n t and s o c i o - e c o n o m i c 
a s p e c t s of g i a n t c l a m m a r i c u l t u r e . R e s u l t s of m a r i c u l t u r e 
r e s e a r c h by t h e c o l l a b o r a t i n g i n s t i t u t i o n s of t h i s P r o j e c t w i l l 
be i m p l e m e n t e d a t t h e p i l o t h a t c h e r y , w h i c h r e p r e s e n t s a n o t h e r 
s t e p i n t h e p r o c e s s of d e v e l o p i n g t h e c o m m e r c i a l m a r i c u l t u r e of 
g i a n t c l a m s . 
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RESEARCH AT JAMES COOK UNIVERSITY 

R e s e a r c h a t t he f i v e c o l l a b o r a t i n g i n s t i t u t i o n s i s 
coordinated through exchanges of personnel and regular meetings 
of the Project Leaders. The Project Leaders recent ly met in the 
P h i l i p p i n e s , being hosted by the Un ive r s i t y of the P h i l i p p i n e s 
Marine S c i e n c e I n s t i t u t e and S i l l i m a n U n i v e r s i t y Marine 
Labora tory , to prepare the two year r e p o r t and to plan r e s e a r c h 
a c t i v i t i e s in 1986/87. Each i n s t i t u t i o n i s researching aspects 
of the p r o j e c t and s p e c i e s of g i an t clams t h a t are a p p r o p r i a t e to 
t h e i r country and f a c i l i t i e s . 

The remainder of t h i s In format ion Paper w i l l d e s c r i b e the 
r e s e a r c h t a k i n g p l a c e a t James Cook U n i v e r s i t y (JCU) in 
p a r t i c u l a r . 

M a r i c u l t u r e r e sea rch a t JCU i s concen t ra t ed on T_. g i g a s . 
Although rapid growth ra te i s obviously not the only c r i t e r i o n in 
assessing s u i t a b i l i t y for maricul ture , i t i s very important, and 
T. gigas i s the fas tes t growing (and la rges t ) t r idacnid species . 
Other species being reared and studied are T. derasa, T_. squamosa 
and _H. hippopus. The m a r i c u l t u r e r e sea r ch i s conducted a t the 
JCU Orpheus Island Research Sta t ion , north of Townsville. 

Reproduction 

H i s t o l o g i c a l s t u d i e s of T. g igas from Great B a r r i e r Reef 
waters show an annual reproduct ive cycle with the g r e a t e s t 
p ropo r t i on of r i pe eggs during summer months. I t appears t h a t 
t h e r e may be repea ted p a r t i a l spawnings dur ing summer. This 
leads to spawned-out animals with no evidence of a second onset 
of gametogenesis during the spawning period. 

T. derasa spawns e a r l i e r in summer than T. g igas in the 
Townsvi l le reg ion and i t d i f f e r s from T. g igas in t h a t , while 
Z* SLAS.3..?. (and o t h e r t r i d a c n i d s p e c i e s ? ) i s u s u a l l y 
hermaphroditic, T. derasa tends to be dioecious. 

Spawning 

Brood-stock clams a re induced to spawn by an i n j e c t i o n of 
serotonin (a neuro- t ransmi t te r substance) into the gonad. Using 
t h i s technique on a group of giant clams, i t has been possible to 
regular ly obtain eggs and sperm from T. gigas brood-stock. 

This i s a major advance for m a r i c u l t u r e of T_. g igas as 
p r e v i o u s l y gametes could only be ob ta ined from occas iona l 
spontaneous spawnings. 

Giant clams shed sperm soon a f t e r s t imulat ion and then eggs 
an hour or so l a t e r ( appa ren t ly to reduce s e l f i n g of gametes) . 
The sperm and eggs are c o l l e c t e d as they are r e l e a s e d : eggs are 
col lec ted in large p l a s t i c bags placed over the clam's excurrent 
aperture as i t expels the gametes. 

Hatchery phase 

Giant clam l a r v a e has been c u l t u r e d using i n t e n s i v e and 
e x t e n s i v e me thods . I n t e n s i v e methods a r e t h o s e used in 
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commercial b iva lve mollusc h a t c h e r i e s : m i c r o - f i l t e r e d seawa te r , 
d a i l y water changes, feeding with c u l t u r e d u n i c e l l u l a r a lgae and 
c o n t r o l l e d t e m p e r a t u r e , e t c . Good s u r v i v a l t h r o u g h l a r v a l 
d e v e l o p m e n t has been o b t a i n e d w i t h t h i s method. I t i s more 
r e l i a b l e than ex tens ive c u l t u r e , but i t has the d i sadvan tages of 
r e q u i r i n g much g r e a t e r imputs of labour and t e c h n i c a l f a c i l i t i e s . 
Giant clam l a r v a e have a l s o been cu l tu r ed e x t e n s i v e l y , i . e . l a rge 
numbers of eggs a re added to ou t s ide t anks with s t a t i c seawater 
and e s s e n t i a l l y l e f t to d e v e l o p . The on ly management i s some 
a d d i t i o n s of u n i c e l l u l a r a l g a e for food and a w a t e r change i f 
b a c t e r i a bloom e x c e s s i v e l y . Some ba tches of e x t e n s i v e l y c u l t u r e d 
l a rvae a re l o s t through v i r t u a l t o t a l m o r t a l i t y . 

The p e r i o d of l a r v a l d e v e l o p m e n t of g i a n t c l ams i s s h o r t 
( abou t 7 days) compared t o o t h e r c o m m e r c i a l b i v a l v e s such a s 
o y s t e r s and s c a l l o p s . T h i s i s a d i s t i n c t a d v a n t a g e fo r t h e i r 
m a r i c u l t u r e , a s t h e p e r i o d of l a r v a l deve lopmen t i s t h e most 
t echnica l ly -demanding of the b iva lve l i f e - c y c l e . The l a r v a e have 
q u i t e modest r equ i remen t s of a l g a l food. Thus they appear to be 
good c a n d i d a t e s fo r d e v e l o p m e n t cwf an a r t i f i c i a l d i e t , which 
would o b v i a t e t h e need f o r a l g a l c u l t u r i n g f a c i l i t i e s . 
A r t i f i c i a l d i e t s ( m i c r o e n c a p s u l a t e d food p a r t i c l e s ) have been 
developed for penaeid l a r v a e , but not yet for b iva lve l a r v a e ; so 
the development of a microencapsula ted d i e t for g i a n t clam la rvae 
would be a major breakthrough. 

Nursery phase 

The l a t e - s t a g e l a r v a e , p e d i v e 1 i g e r s , a r e t r a n s f e r r e d t o 
o u t s i d e t a n k s from i n t e n s i v e c u l t u r e o r a l l o w e d to s e t t l e in 
t h e i r h a t c h e r y t a n k s in e x t e n s i v e c u l t u r e . The n e w l y - s e t t l e d 
j u v e n i l e c l a m s a r e 0.2 mm s h e l l l e n g t h and i t i s some months 
b e f o r e they a r e v i s i b l e on t h e tank s u r f a c e s where they have 
s e t t l e d . The j u v e n i l e c l a m s must commence t h e i r s y m b i o t i c 
r e l a t i o n s h i p w i t h z o o x a n t h e l l a e soon a f t e r s e t t l e m e n t and t h e 
r e c e n t l y - m e t a m o r p h o s e d j u v e n i l e clam a r e " i n o c u l a t e d " w i t h 
z o o x a n t h e l l a e o b t a i n e d from p i e c e s of m a n t l e t i s s u e of a d u l t 
c l a m s . ( T h i s s a v e s h a v i n g t o m a i n t a i n c u l t u r e s of 
z o o x a n t h e l l a e . ) 

In t h e f i r s t b a t c h of T_. g i g a s j u v e n i l e s r e a r e d in e a r l y 
1985 t h e r e was very heavy m o r t a l i t y between s e t t l e m e n t and 5 mm 
s h e l l l eng th . Less than 1% of the o r i g i n a l p e d i v e l i g e r s survived 
t h i s p e r i o d . The minute s i z e of the j u v e n i l e c l a m s compared to 
the dimensions of the nursery tanks made i t imposs ib le to observe 
t h e o c c u r r e n c e of t h i s m o r t a l i t y and t o i d e n t i f y the c a s u a l 
f a c t o r s . Overgrowth by ben th ic a l g a e , which t h r i v e in the s t rong 
s u n l i g h t c o n d i t i o n s r e q u i r e d by the j u v e n i l e c l ams w i t h t h e i r 
a u t o t r o p h i c z o o x a n t h e l l a e , was s u s p e c t e d of reducing l i g h t and 
w a t e r exchange for the j u v e n i l e c l a m s . Some b e n t h i c p r e d a t o r y 
i n v e r t e b r a t e s were a l s o suspec ted . 

Surv iva l through t h i s per iod of e a r l y j u v e n i l e development 
was markedly improved for a b a t c h of T. g i g a s t h i s y e a r by use of 
a p a r t i c u l a r s u b s t r a t e and by a r e g u l a r c l e a n i n g reg ime to 
c o n t r o l the growth of ben th ic a lgae . 
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Ocean-nursery phase 

Juvenile clams of 20+ mm she l l length are t ransferred from 
the land-based nursery tanks to the f ie ld . At t h i s s ize they are 
r eady food for p r e d a t o r s and must be he ld in p r o t e c t i v e 
containers (ocean-nursery phase). A var ie ty of methods has been 
tested with T. gigas juveni les , including f loat ing t r ays , t rays 
on racks above the bot tom, and t r a y s on the bottom s u b t i d a l l y and 
i n t e r t i d a l l y . The r e s u l t s r evea l t h a t f l o a t i n g systems a re 
t e c h n i c a l l y p r o b l e m a t i c a l and show poor s u r v i v a l and growth of 
clams; racks are best for growth, but expensive; while survival 
i s high in the s u b t i d a l ben th i c t r a y s , and growth and s u r v i v a l 
(excluding equipment f a i l u r e s ) a re high in the i n t e r t i d a l zone. 
Mar i cu l tu re of g i an t clams in the i n t e r t i d a l zone has obvious 
advantages, especia l ly where SCUBA f a c i l i t i e s are unavailable or 
i n a p p r o p r i a t e . Thus, a major r e s e a r c h e f f o r t w i l l be made to 
develop an i n t e r t i d a l system for the ocean-nurse ry and l a t e r 
grow-out phase of T. gigas. Larger protec t ive conta iners , such 
as boxes approximately 3 m long, made from sheets of s t ee l mesh, 
are being assessed as a l t e r n a t i v e s to t rays . 

Other r ecen t f ind ings for T_. g igas j u v e n i l e s a re t h e i r 
tolerance of moderate leve ls of water t u rb id i t y - they don't have 
to be rea red in p r i s t i n e reef c o n d i t i o n s ; t h e i r p a r t i c u l a r 
i n t o l e r a n c e of low l i g h t l e v e l s ; and t h e i r i n t o l e r a n c e of 
dis turbance, such as from wave act ion. 

Grow-out phase 

The l a rges t juveni les reared are now grea ter than 100 mm and 
l a t e r t h i s year w i l l be t r a n s f e r r e d to the grow-out phase , i . e . 
removed from the protec t ive containers and placed on the bottom. 
At what s i z e they are l a rge enough to be v i r t u a l l y f ree of 
p r e d a t o r s w i l l thus be de te rmined . The s h e l l s of T. g igas in 
t h i s s ize range are thinner than those of T_. derasa and t h i s may 
wel l r e q u i r e t h a t the former s p e c i e s be reared to a l a r g e r s i z e 
before the grow-out phase. 

Related research 

The presence of a group of r e sea r ch s t a f f and g radua te 
s t u d e n t s a t JCU engaged in g i an t clam m a r i c u l t u r e r e s e a r c h has 
generated research i n t e r e s t in giant clams in other departments 
and i n s t i t u t i o n s . Giant clams a r e , a f t e r a l l , i n t r i n s i c a l l y 
novel and in te res t ing animals by v i r tue of the i r symbiosis with 
zooxanthellae and exceptional s i ze . 

We can expect to see a marked i n c r e a s e in knowledge of g i a n t 
clams in the next years from the s tud ies outl ined in t h i s report 
and from research in other pa r t s of the Pacif ic region. This i s a 
development which i s overdue. 

Prepared by : A/Professor J . S . Lucas 
Zoology Department, 
James Cook University 
Townsville, Q. 4811 
Aust ra l ia . Ju ly , 1986 
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