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byssal region an
d

 by the colour of the m
antle. In H

ip
p

o
p

u
s species, the area of the byssal orifice 

p
o

ssesses tightly fitting teeth w
hile in T

rid
a

cn
a

 species, teeth are absent. A
dditionally, the m

antle of 
T

rid
a

cn
a

 sp
ecies generally h

as bright colours and projects laterally beyond the lip m
argin of the shell, 

w
hile the m

antle of H
ip

p
o

p
u

s species is usually dull and lim
ited w

ithin the shell m
argin

. A
 rare 

species from
 T

onga and Fiji, T. tevoroa, is som
ew

hat transitional in th
ese characteristics. T

he 
characteristics of each

 species of giant clam
 are described an

d
 illustrated in B

oxes 1.1-1.8. A
 key to 

the identification of the eight giant clam
 species is show

n in B
ox 1.9. 

1.2 
Im

portance o
f giant clam

s 

G
iant clam

s have long been part of th
e diet of island an

d
 coastal peoples of the Indo-P

acific region. 
T

he entire flesh of these clam
s is edible ex

cep
t for the kidneys, w

hich are bitter. T
he adductor m

uscle, 
w

hich com
prises ab

o
u

t 10-15 %
 of the entire flesh, is m

o
st so

u
g

h
t after. T

his is the large m
uscle w

hich 
draw

s the shells together. 

T
he shells of giant clam

s are used locally for a variety of p
u

rp
o

ses (sinks, ashtrays, so
ap

 cases, h
o

u
se 

decors, pots). T
hey are also im

portant item
s as souvenirs in the tourist trade, for shell an

d
 stone craft 

an
d

 for tile-m
aking. 

1.3 
C

ulture o
f giant clam

s 

N
atural sto

ck
s of m

o
st species of giant clam

s have been severely reduced in m
an

y
 areas by 

over-harvesting, alm
ost to th

e point of extinction. C
lam

 culture provides (1) food to coastal 
inhabitants; (2) incom

e to farm
ers from

 raw
 m

aterials for new
 industries; (3) a m

ean
s to restock coral 

reefs depleted of clam
s an

d
 to prom

ote reef conservation
. 

B
ecause of their m

ariculture potential, giant clam
s have b

een
 the subject of intense studies at 

institutions in A
ustralia, P

alau, the P
hilippines, S

olom
on Islands an

d
 elsew

here in the Pacific. 
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Box 1.3 
TriJacna squamoso 

c 

o 
ID

em
 

A. Lateral view. 
B. Ventrul view. 

C
 Montle view. 

D. Donal view. 

ScitIItIfk .... : T
riD

 squamosa 

C
oInIlO

llIG
IIIt: xa~ or Ruted dam 

D
tsaiptlO

ll: May ream
 35-40 an long; eq~ateral shell with wide~ spaced Ruted stoles which becom

elofger 
towards the edge of the valve; shell colour is variele, some may be white, tinged with lemon yellow lowards the 
morgin, or may be yllow

 with deep orll1ge in between grooves, or just plain yelow or orange. This spedes is 
differenliated from other stoly spedes ( T. maxima II1d T. aoceal by lhe presence of well spaced stoles from the 
umbo lowards the lip mergin of the shell. 

H
allitat: Allathed by a weak byssus 10 living coral or coral rubble at depths up 10 18 m

 on reefs usuol~ dominated 
by Auopota; found in both oteanic and neorshore reefs. 

D
islributioa: Found from East Africa and the Red Sea 10 Frenth Polynesia. 

10 

Ioxl.4 
TriJacna maxima 

~
.

'\i)~
r·:':\. 

~
<w
Z
~
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~ ~~{~~~~~~i~) 
~ '-". 
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..• -.. --~

~
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-·f' .... / 
:::.-

( !. 
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, ~.,~). 
~ "r~:' 

~
"L;~
'

~ i i' ::~.::'ty 
····
~
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"
-
_

_
 ~
5
'
m
 

A. Laleral view. 
B. Ventrol view. 

C
 M

ande view. 
D. Dorsol view. 

ScieIIlifk 1ICIIIr. TriJocno maxima 

(0lIIIII01 IG
IIIt: Bongated dam

 

D
tsaiplion: Can reach 35-40 cm in length but is usuaHy mlKh smaHer; brighl mande colouring; shell is elongated 

at one side with dose~ spaced stales near Ihe mergin; shell colour varies from plain while 10 yellow or white tinged 
with orange. 

HalM
lat: Partly embedded in carol or firmly aIIoched 10 coral heads. 

D
istn"bulion: Found from Eosl Africa ond the Red Sea 10 French Polynesia. 
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Box 1.7 
Hippopus hippopus 

~
 _

_
_

_
_

 ,,-,,o cm
 

A. Lateral view. 
B. Ventral view. 

C
 M

antle view. 
D. Danol view. 

Scientific ...... : Hippopus hippopus 

C
om

lllO
llnam

e: RoI~ng dam
, strawberry dam

, ho~'s hoof dam
, bear's paw dam

 

D
tscriptioa: Readies SO an in length; sheH is thick, heavy, IIld elongate to triangular in shape with minute stales 

or spines; sam
e sids possess strawberry blotches; m

ande is brown, dull grey or green in colour. 

H
abitat: Found on sandy areas in coral ree~ at depths up to 6 m

 and on seograss beds adjoining reefs. 

D
istribution: W

tdespreod and common in the Indo·Padfit from Tha~and to Vanuotu. Retendy extinct in Fiji, Samoa 
and Tango. 

'2
 

Box 1.8 
Hippopus porce/Ionus 

"
--_

_
_

 --,,,10 cm
 

A. Lateral view. 
B. Ventral view. 

C. M
ande view. 

D. Donol view. 

ScientifK nam
e: Hippopus porcel/onus 

Com
m

on nam
e: China dam

 or porcelain clam 

D
esalption: Thinner IIld sm

oother shell thon that of H. hippopus, usual~ lacking the strawberry colouration. The 
mantle is olive green. H. porce/Ionus can be easi~ distingUished from H. hippopus because the incuITent siphon 
possesses popillae or fringing tentacles. 

H
abitat: Occurs in sandy portions of coral reefs. 

D
istribution: Rare, and restricted to the Sulu and South (hina Seas, Philippines and Palau. 
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T
here are four basic p
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ases in giant clam

 culture: the hatchery, the nursery, the o
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Figure 1.2 
Stages in the life cycle and aquaculture of the giant clam
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o

 floats, 
particularly if properly cured an

d
 epoxy-<

:oated. In relatively d
eep

 w
ater (>3 m

) it is unnecessary to 
have protective covers or sides o

n
 the tray. D

espite the fact th
at the hardw

ood cross bearers are 
above w

ater-level problem
s are encountered w

ith shipw
orm

 (T
eredo sp

.s) an
d

 it is necessary to paint 
the tim

bers w
ith epoxy paint. 

T
he optim

um
 sites for floating o

cean
 nurseries ap

p
ear to be areas of shallow

 san
d

y
 sea floor or 

seag
rass beds, w

ith a m
o

d
erate degree of exposure to w

ind-induced w
aves and good w

ater ex
ch

an
g

e 
as a result of strong currents or large tidal am

plitudes. T
he deS

igns show
n in F

igure 1.3 have 
w

ithstood severe w
eather conditions and w

ill suffer few
 g

ear failures provided they are regularly 
inspected an

d
 m

aintained. 

T
he nursery trays are sto

ck
ed w

ith juvenile clam
s by subm

erging the trays in racew
ays o

r tan
k

s an
d

 
stocking th

em
 w

ith 2000 3.5 m
m

 juveniles p
er sq

u
are m

etre. T
he juveniles are left undisturbed for 4

8
 

hours for th
em

 to establish their byssal attachm
ents, w

hereafter they can
 b

e m
oved offshore. 

O
m

ission of this step
 can

 result in severe losses of juveniles if they are exposed to m
oderate w

ave 
action before they are properly attached. 

T
hereafter, husbandry consists of regular ch

eck
s for predators, principally C

ym
a

tiu
m

 species and 
stylochid flatw

orm
s an

d
 for control of fouling organism

s w
hich can

 clog the m
esh

es an
d

 reduce 
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w
at

er
 e

x
ch

an
g

e 
w

ith
in
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he

 t
ra

y.
 A

lg
al

 o
ve
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ro

w
th
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an

 b
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ce
d 

an
d

 s
ed

im
en

ta
ti

on
 c

on
tr

ol
le

d 
by

 
si

m
pl

y 
fa

nn
in

g 
th

e 
bo

tt
om

 o
f 

th
e 

tr
ay

 a
nd

 w
af

ti
ng

 a
w

ay
 t

h
e 

un
w

an
te

d 
de

br
is

. 
H

er
bi

vo
ro

us
 g

as
tr

op
od

s,
 

su
ch

 a
s 

C
e

ri
th

iu
m

 s
pe

ci
es

, 
w

ill
 a

ls
o 

re
du

ce
 a

lg
al

 g
ro

w
th

. 

T
he

re
 is

 n
o 

di
ff

er
en

ce
 i

n 
th

e 
m

or
ta

li
ty

 r
at

es
 o

f 
ju

ve
ni

le
 c

la
m

s 
in

 u
nf

er
ti

li
se

d 
nu

rs
er

y 
ta

n
k

s 
an

d
 in

 t
he

 
fl

oa
ti

ng
 o

ce
an

 n
ur

se
ri

es
. H

ow
ev

er
, 

th
er

e 
is

 a
 d

ra
m

at
ic

 c
h

an
g

e 
in

 t
he

 r
at

es
 o

f 
gr

ow
th

 o
n

 t
ra

ns
fe

r 
to

 t
h

e 
o

ce
an

, w
ith

 t
he

 ju
ve

ni
le

s 
in

 t
he

 f
lo

at
in

g 
o

ce
an

 n
ur

se
ri

es
 a

tt
ai

ni
ng

 a
b

o
u

t 
3

5
 m

m
 a

t 
10

 m
on

th
s,

 a
t 

w
hi

ch
 

po
in

t 
th

ey
 c

an
 b

e 
tr

an
sf

er
re

d 
to

 b
en

th
ic

 o
ce

an
 n

ur
se

ry
 c

ag
es

. 

Ju
ve

ni
le

 c
la

m
s 

ca
n

 b
e 

gr
ow

n 
in

 t
he

 f
lo

at
in

g 
nu

rs
er

ie
s 

un
til

 t
he

y 
at

ta
in

 a
 s

iz
e 

of
 3

0
-6

0
 m

m
, 

de
pe

nd
in

g 
o

n
 t

he
ir

 l
oc

at
io

n 
an

d
 d

eg
re

e 
of

 e
xp

os
ur

e,
 a

nd
 t

he
n 

tr
an

sf
er

re
d 

to
 b

en
th

ic
 c

ag
es

. 
A

lt
er

na
ti

ve
ly

, 
it 

m
ig

ht
 

be
 p

os
si

bl
e 

to
 r

et
ai

n 
th

em
 i

n 
fl

oa
ti

ng
 c

ag
es

 u
nt

il 
th

ey
 a

tt
ai

n 
a 

si
ze

 a
t 

w
hi

ch
 t

he
y 

ca
n

 s
af

el
y 

be
 p

la
ce

d 
in

 e
nc

lo
su

re
s 

or
 e

xc
lo

su
re

s.
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y 

ar
e 

ca
g

ed
 f

or
 p

ro
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' 

(a
bo
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 2

0
 c

m
) 
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 r

ea
ch
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. 

T
h

e 
cu

lt
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e 
si

te
 m

ay
 b

e 
su
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id
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 o

r 
in

te
rt

id
al

. 
T.

 g
ig

a
s 
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d

 H
. 

h
ip

p
o

p
u

s 
do

 w
el

l 
in

 t
he

 i
nt

er
ti

da
l 

zo
ne

 
w

hi
le

 T
. 

d
e

ra
sa

 a
n

d
 t

he
 r

es
t 

ar
e 

b
es

t 
gr

ow
n 

in
 s

ha
ll

ow
 s

ub
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da
l 

si
te

s.
 T

h
e 

gr
ea

t 
ad

v
an

ta
g

e 
of

 in
te

rt
id

al
 

cu
lt

ur
e 

is
 t

h
at

 it
 i

s 
re

la
ti

ve
ly

 a
cc

es
si

bl
e 

an
d

 e
as

y
 t

o 
m

ai
nt

ai
n.

 T
he

 o
nl

y 
di

sa
dv

an
ta

ge
 is

 t
he

 g
re

at
er

 
ex

po
su

re
 d

ur
in

g 
tr

op
ic

al
 c

yc
lo

ne
s 

(t
yp

ho
on

s)
 a

n
d

 a
cc

es
si

bi
li

ty
 t

o 
p

o
ac

h
er

s.
 

T
he

 l
en

gt
h 

of
 ti

m
e 

th
at

 ju
ve

ni
le

s 
st

ay
 in

 t
he

 o
ce

an
 n

ur
se

ry
 (

be
fo

re
 t

ra
ns

fe
r 

to
 t

h
e 

gr
ow

ou
t 

si
te

) 
is

 
d

ep
en

d
en

t 
o

n
 t

he
 c

la
m

 s
pe

ci
es

 a
n

d
 t

h
e 

co
nd

it
io

ns
 o

f 
th

e 
o

ce
an

 n
ur

se
ry

. 
It 

m
ay

 b
e 

2
-4

 y
ea

rs
. 

F
ig

ur
e 

2.
1 

il
lu

st
ra

te
s 

an
 o

ce
an

 n
ur

se
ry

. 

2.
1 

Si
te

 s
el

ec
ti

on
 

S
it

es
 t

ha
t 

ha
ve

 t
he

 fo
llO

w
in

g 
co

nd
it

io
ns

 h
av

e 
b

ee
n

 f
ou

nd
 m

o
st

 s
ui

ta
bl

e 
fo

r 
op

ti
m

al
 g

ro
w

th
 a

n
d

 s
ur

vi
va

l 
of

 c
la

m
s.

 

S
h

al
lo

w
 d

ep
th

 o
f 

w
at

er
. 

O
ce

an
 n

ur
se

ri
es

 c
an

 b
e 

pl
ac

ed
 o

n
 e

it
he

r 
lo

w
er

 i
nt

er
ti

da
l 

o
r 

sh
al

lo
w

 o
r 

n
o

t 
to

o 
d

ee
p

 «
1

0
 m

) 
po

rt
io

ns
 o

f 
th

e 
in

sh
or

e 
en

vi
ro

nm
en

t.
 T

he
se

 a
re

as
 c

an
 b

e 
ex

p
o

se
d

 o
r 

co
ve

re
d 

du
ri

ng
 

th
e 

lo
w

es
t 

lo
w

 t
id

e.
 

If 
a 

pr
ot

ec
te

d 
ar

ea
 w

ith
 m

od
er

at
e 

cu
rr

en
t 

is
 f

ou
nd

, 
cl

am
s 

ca
n

 b
e 

pl
ac

ed
 in

 t
he

 l
ow

er
 i

nt
er

ti
da

l 
zo

ne
. 

T
he

 e
xp

os
ur

e 
du

ri
ng

 e
xt

re
m

e 
lo

w
 t

id
es

 m
in

im
is

es
 t

h
e 

n
ee

d
 t

o 
cl

ea
n 

ca
g

es
 s

in
ce

 a
lg

al
 g

ro
w

th
 i

s 
re

ta
rd

ed
 b

y 
di

re
ct

 e
xp

os
ur

e 
to

 s
un

li
gh

t.
 E

xc
es

si
ve

 e
xp

os
ur

e 
to

 s
un

li
gh

t,
 h

ow
ev

er
, 

ca
n

 l
ea

d 
to
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bleaching of the m
antle and ultim

ately kill the clam
, or if th

e clam
s survive, the shells tend to b

eco
m

e 
thickened an

d
 stunted in length. Intertidal o

cean
 nurseries have lim

ited application in the P
hilippines, 

due to the utilisation of protected areas for docking and other needs. A
lso, these areas m

ay be 
exposed at one tim

e or another to the m
o

n
so

o
n

 trade w
inds. 

A
n alternative is to establish the o

cean
 nursery so

m
ew

h
at d

eep
er w

here w
ave action is m

inim
ised by 

the d
ep

th
 of the w

ater. W
ater visibility m

u
st be good (3

-7
 m

) to ensure optim
al illum

ination for 
photosynthesis. F

igure 2.2 show
s the possible areas (arrow

s) w
ithin the coastal environm

ent w
here 

o
cean

 nurseries can
 b

e established. 

..~
 

-""t 
~
 
C
I
~
;
>
 

<
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q
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.
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Figure 2.1 
Illustration o

f an ocean nursery 
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 b
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E 

O
C
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N
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Y 

A
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O
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S
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O
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A
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ia
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 t
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al
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ar
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s 
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u
t 
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0 

m
, 

sc
ie

nt
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 J
am

es
 C

oo
k 

U
ni

ve
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it
y 

(J
C

U
),

 N
or

th
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ue
en

sl
an
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 f

ou
nd

 t
ha
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a 

ti
da
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ht

 o
f 
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4 
m
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o 

0
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at
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n
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ig

as
. 

M
ax

im
um

 e
x

p
o

su
re

 d
ur

in
g 

sp
ri

ng
 

ti
de

s 
w

as
 a

b
o

u
t 

3 
ho

ur
s 

at
 th

is
 t

id
al

 h
ei

gh
t.

 

C
le

ar
 w

at
er

 w
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n
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b
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 G
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 c
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d 
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 n
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ry
 b

ec
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se
 t

he
y 

ha
ve

 s
ym

bi
ot

ic
 a

lg
ae

, S
y
m

b
io

d
in

iu
m

 m
ic

ro
a

d
ri

a
ti

c
u

m
, 

in
 t

he
ir

 m
an

tl
es

 w
hi

ch
 a

re
 r

es
po

ns
ib

le
 f

or
 p

ro
vi

di
ng

 f
oo

d 
fo

r 
th

e 
cl
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ro

ug
h 

p
h
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G
ia
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 c
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to
 c

h
an
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 in
 s

al
in

it
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ce
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se

ri
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ho
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e 
es
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in
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 f
ro
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 f

re
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w
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er
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o
ff
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H

ea
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ai
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du
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 r
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ea
so

n
 b

ri
ng

s 
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 s

ed
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en
t 
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 r
iv

er
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at
er

s 
re

du
ci

ng
 l

ig
ht

 p
en

et
ra

ti
on

 in
 t

he
 w

at
er

 c
ol

um
n.

 

Q
u

ie
t w

at
er

 w
it

h
 g

o
o

d
 c

ir
cu

la
ti

o
n

. 
C

la
m

s 
th

ri
ve

 i
n 

ar
ea

s 
w

ith
 q

ui
et

 w
at

er
 a

n
d

 g
oo

d 
ci

rc
ul

at
io

n.
 

G
oo
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ev
en

ts
 t
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ol
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of
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at
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 f

ro
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g 
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r 
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S
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w
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 d
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, 

ch
ip

 c
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n 

cl
am

s,
 r
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ng
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n 

th
e 

m
an

tl
e 

fa
ci

ng
 

do
w

nw
ar

d 
in

st
ea

d 
o

f 
up

w
ar

d.
 W

at
er

 m
o

v
em

en
t 

du
e 

to
 c

yc
lo

ne
s 

(t
yp

ho
on

s)
 a

n
d

 s
to

rm
s 
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n

 c
au
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m

il
ar

 d
am

ag
e

. F
ur

th
er

 m
or

ta
li

ty
 c
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e 
ca

u
se
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y 
sa

n
d

 s
hi

ft
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 w
hi

ch
 c

an
 s

m
o

th
er

 t
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 m
an

tl
e 

of
 t

he
 

cl
am

s 
or

 b
ur

y 
th

em
 a

li
ve

. 

A
re
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 w
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 c
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el
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fl
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 c
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 c
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he
 

su
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of

 b
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s 
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su

al
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 m
u

d
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n
d

 l
ig

ht
 p

en
et

ra
ti

on
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s 
co

rr
es

po
nd

in
gl
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lo

w
. 

S
e
a
 b

ed
 w

it
h

 f
ew

 o
r 

n
o

 p
re

d
at

o
rs

. T
o 

en
su

re
 c

la
m

 s
ur

vi
va

l,
 a

 s
ite

 w
ith

 f
ew

 o
r 

no
 p

re
da

to
rs

 s
ho

ul
d 

be
 c

ho
se

n.
 C

or
al

 r
ee

fs
, 

al
th
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gh

 n
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s 
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 c
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m
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e 
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ee
n
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m
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predato
rs su

ch
 as fish

es, crab
s an

d
 g

astro
po

d
s. In add

itio
n

, un
less a d

am
ag

ed
 p

ortio
n

 of a reef is 
utilised

, th
e p

resence of corals w
ill severely lim

it the size of the o
cean

 nu
rsery. 

S
an

d
y-sea

g
ra

ss a
rea

s. S
an

d
y areas fo

u
n

d
 n

ea
r th

e m
o

u
th of bays are also good areas for o

cean
 

n
urseries as lo

ng as the w
ater is clear. 

A
 s eag

rass bed is an
o

ther site w
here an

 o
cean

 n
ursery can

 be established
. A

lthough the substrate o
n

 
w

hich seagrass g
row

s is u
su

ally m
ud and silt, there are so

m
e seag

rass beds that have a firm
, san

d
y

 
bottom

. T
hese bed

s are u
su

ally fo
un

d fring
ing the coastline aw

ay fro
m

 bays an
d

 co
m

p
o

sed
 of several 

species of th
e sm

aller seagrasses. 

In the Philip
pines, at Sillim

an
 U

niversity M
arine L

aboratory
, (SU

M
L

) D
um

aguete, an
d

 at U
niversity of 

the Philip
pines M

arine S
cience Institute (U

PM
S

I), B
olinao

, the giant clam
s a

re successfully cultured o
n

 
sea g

rass beds w
here th

ey have b
een

 exhibiting g
o

o
d

 grow
th and survival rates. 

2
.2

 
Intertidal ocea

n nursery 
2.2.1 

C
onstruction of contain

ers for Intertidal ocean nu
rsery culture 

Bo
xes 

A
 box (F

ig
ure 2.3) is a g

alv
anised steel m

esh u
nit, co

vered w
ith plastic m

esh or chicken w
ire. In the 

exam
ple show

n in F
igu

re 2.3 tw
o p

ieces of steel m
esh

 (lO
O

 m
m

 aperture) w
ere used

: a rectangular 
piece m

easu
ring 1.9 m

 x 0
.9 m

 for the lid an
d a larger piece m

easuring 2
.3 m

 x 1.3 m
 for the base. 

T
he larg

e piece allow
s 0

.2 m
 to b

e folded up alo
ng each

 ed
g

e to give the box its depth
. T

he corners 
are joined together using either electrical cable o

r cable ties. C
able ties designed for o

u
td

o
o

r 
ap

p
licatio

ns and preferably w
ithout any steel in th

em
 to prevent corrosion are used

. A
 plastic m

esh
 is 

attach
ed o

utsid
e the steel box fram

e using the cable ties. T
he size of the plastic m

esh
 used depends 

o
n the p

o
ssible predators; how

ever, 25 m
m

 aperture ap
p

ears to w
ork w

ell. A
 hinge is m

ad
e from

 three 
9

0 m
m

 length
s of reinforced plastic tubing ap

p
ro

xim
ately 20 m

m
 in diam

eter. T
he to

p
 w

ire of the 

2
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Li
ne

 f
o

r 
in

te
rt

id
al

 o
ce

an
 n

ur
se

ry
 

TH
E 

O
C

E
A

N
 N

U
RS

ER
Y 

fr
am

ew
or

k 
is

 s
pl

it
 a

t 
th

e 
ce

nt
re

 o
f 

th
re

e 
di

vi
si

o
n

s 
al

on
g 

o
n

e 
of

 th
e 

lo
ng

es
t 

si
de

s.
 T

he
 s

am
e 

is
 d

on
e 

o
n

 
th

e 
lid

 a
t 

th
e 

eq
ui

va
le

nt
 p

oi
nt

s.
 T

h
es

e 
al

lo
w

 t
h

e 
tu

bi
ng

 t
o 

b
e 

sl
ip

pe
d 

on
to

 t
he

 w
ir

e 
of

 t
he

 li
d 

an
d 

th
e 

ba
se

, 
th

er
eb

y 
jo

in
in

g 
th

em
. I

t 
is

 o
ft

en
 n

ec
es

sa
ry

 t
o 

m
ak

e 
a 

sh
or

t 
sl

it
 in

 t
he

 t
u

b
e 

to
 a

llo
w

 i
t 

to
 b

e 
m

o
v

ed
 

be
yo

nd
 t

he
 s

pl
it

 in
 t

he
 w

ire
 w

hi
ch

 c
an

 t
he

n 
be

 t
ap

ed
 u

p.
 T

he
 li

d 
is

 h
el

d 
cl

os
ed

 w
ith

 s
ho

rt
 l

en
gt

hs
 o

f 
el

ec
tr

ic
 c

ab
le

. 

S
im

il
ar

 b
ox

es
 c

ou
ld

 b
e 

m
ad

e 
w

ith
 a

 w
oo

d 
fr

am
e 

an
d

 c
hi

ck
en

 w
ir

e 
co

ve
ri

ng
, 

al
th

ou
gh

 c
hi

ck
en

 w
ir

e 
te

n
d

s 
to

 c
or

ro
de

 in
 t

he
 i

nt
er

ti
da

l 
zo

ne
. 

O
n

ce
 t

he
 b

ox
 i

s 
po

si
ti

on
ed

 o
n 

th
e 

re
ef

-f
la

t 
or

 o
n

 b
lo

ck
s 

in
 s

an
d

y
 a

re
as

 it
 c

an
 b

e 
an

ch
or

ed
 u

si
ng

 
fe

nc
in

g 
pi

ck
et

s 
an

d
 e

le
ct

ri
c 

ca
bl

e.
 A

 s
ub

st
ra

te
 s

u
ch

 a
s 

co
ra

l 
ru

bb
le

 o
r 

gr
av

el
 i

s 
ne

ce
ss

ar
y 

fo
r 

sm
al

l 
cl

am
s 

to
 a

tt
ac

h 
th

em
se

lv
es

 t
o

. T
hi

s 
su

bs
tr

at
e 

sh
ou

ld
 b

e 
sh

ov
el

le
d 

in
to

 t
he

 b
ox

. 

Li
ne

s 

A
 li

ne
 i

s 
th

e 
ex

te
ns

io
n 

of
 th

e 
bo

x 
w

hi
ch

 u
se

s 
on

ly
 t

he
 p

la
st

ic
 m

es
h

 a
nd

 n
ot

 t
h

e 
ga

lv
an

is
ed

 s
te

el
. 

T
h

e 
st

ru
ct

ur
e 

is
 d

er
iv

ed
 f

ro
m

 t
he

 u
se

 o
f 

ga
lv

an
is

ed
 f

en
ci

ng
 w

ir
e 

w
hi

ch
 i

s 
th

re
ad

ed
 t

hr
ou

gh
 t

he
 m

es
h

 a
n

d
 

th
e 

pi
ck

et
s 

(F
ig

ur
e 

2.
4)

. 
P

la
st

ic
 m

es
h

 o
f 

12
 m

m
 a

pe
rt

ur
e 

is
 u

se
d 

fo
r 

th
e 

b
as

e 
an

d
 2

5 
m

m
 a

pe
rt

ur
e 

fo
r 

th
e 

lid
. 

T
he

se
 a

re
 c

om
m

er
ci

al
ly

 a
va

il
ab

le
 in

 3
0

 m
 l

en
gt

hs
 in

 A
us

tr
al

ia
. 

O
n

e 
of

 e
ac

h
 is

 r
eq

ui
re

d 
fo

r 
a 

lin
e.

 I
ni

tia
lly

, 
th

e 
b

as
e 

is
 r

ol
le

d 
ou

t 
in

 t
he

 r
eq

ui
re

d 
po

si
ti

on
. 

T
h

e 
en

d
s 

an
d

 s
id

es
 a

re
 f

ol
de

d 
u

p
 t

o 
th

e 
re

qu
ir

ed
 0

.2
 m

. 
T

he
 c

or
ne

rs
 a

re
 a

ga
in

 f
ix

ed
 t

o
g

et
h

er
 u

si
ng

 e
le

ct
ri

ca
l 

ca
bl

e 
o

r 
ca

bl
e 

ti
es

. 
W

ith
 t

h
e 

si
de

s 
ra

is
ed

 a
 p

ic
ke

t 
ca

n
 b

e 
pl

ac
ed

 a
lo

ng
si

de
 t

he
 c

or
ne

rs
 a

t 
o

n
e 

en
d.

 T
h

es
e 

ca
n

 b
e 

p
o

u
n

d
ed

 i
nt

o 
th

e 
su

bs
tr

at
e 

un
til

 t
he

y 
ar

e 
le

ve
l 

w
ith

 t
he

 t
op

 o
f 

th
e 

si
de

. 
W

or
ki

ng
 a

lo
ng

 b
ot

h 
si

de
s 

of
 t

he
 l

in
e,

 p
ic

ke
ts

 a
re

 
dr

iv
en

 i
nt

o 
th

e 
su

bs
tr

at
e 

ev
er

y 
fi

ve
 m

et
re

s,
 c

ar
ef

ul
ly

 k
ee

pi
ng

 t
h

em
 t

he
 s

am
e 

di
st

an
ce

 a
p

ar
t 

as
 t

h
e 

tw
o 

en
d 

pi
ck

et
s.

 T
he

 g
al

va
ni

se
d 

fe
nc

in
g 

w
ir

e 
is

 t
h

re
ad

ed
 t

hr
ou

gh
 t

he
 m

es
h

 a
t 

th
e 

to
p

 o
f 

th
e 

si
de

s.
 A

 
se

co
n

d
 s

tr
an

d 
is

 t
hr

ea
de

d 
th

ro
ug

h 
at

 t
he

 b
ot

to
m

 o
f 

th
e 

si
de

 t
o 

ac
t 

as
 a

 f
or

m
er

 a
s 

w
el

l 
as

 a
 b

ac
k

u
p

 in
 

ca
se

 o
ne

 b
re

ak
s.

 O
n

e 
en

d 
is

 t
ie

d 
of

f 
ar

o
u

n
d

 t
h

e 
en

d
 p

ic
ke

t 
an

d
 t

h
e 

ot
he

r 
en

d 
te

ns
io

ne
d 

o
n

 i
ts

el
f.

 I
t 

he
lp

s 
to

 h
av

e 
an

 a
nc

ho
ri

ng
 p

ic
ke

t 
dr

iv
en

 i
n 

at
 4

5°
 a

n
d

 a
b

o
u

t 
a 

m
et

re
 b

ey
on

d 
th

e 
en

d 
of

 th
e 

m
es

h
 t

o 
pr

ev
en

t t
he

 e
nd

 p
ic

ke
ts

 f
ro

m
 b

ei
ng

 p
ul

le
d 

ou
t.

 E
le

ct
ro

ly
si

s 
oc

cu
rs

 if
 t

he
re

 i
s 

co
nt

ac
t 

be
tw

ee
n 

th
e 

w
ir

e 
an

d
 t

he
 p

ic
ke

t.
 T

o 
pr

ev
en

t 
th

is
, a

 s
le

ev
e 

cu
t 

fr
om

 r
ei

nf
or

ce
d 

g
ar

d
en

 h
os

e 
is

 u
se

d 
at

 e
ve

ry
 c

o
n

ta
ct

 
po

in
t.

 T
he

re
 a

re
 tw

o 
m

et
ho

ds
 o

f 
se

cu
ri

ng
 t

he
 s

le
ev

e:
 (

1)
 b

y 
ty

in
g 

th
e 

sl
ee

ve
 t

o 
th

e 
pi

ck
et

 u
si

ng
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O
C

EA
N

 C
ULTU

RE O
F G

IA
N

T
 C

LAM
S 

in
sulated w

ire o
r cable ties; an

d (2) by drillin
g holes at the co

rrect height through the pickets w
ith 

sleeve p
u

shed
 into it. T

he latter is m
ore secu

re. 

A
t this stag

e partitions are add
ed to divide the line into 15 cells. T

hese partitions are m
ad

e ab
o

u
t 

200 m
m

 longer than the w
idth o

f th
e base and 100 m

m
 taller th

an
 the height. T

he ex
cess is used to 

provide an
 overlap to allow

 secu
re fastening

. T
h

e cell is 2 m
 long so

 14 dividers w
ill be used per line. 

C
able ties are th

e preferred m
eth

o
d

 for tying th
em

 to the base. W
hen this is done the substrate is 

introduced, allow
ing en

ough to cover th
e w

hole botto
m

 to a depth of about 50 m
m

. T
he line is now

 
ready for the lid. 

T
o m

ak
e the lid, the m

esh
 is rolled o

u
t along the full length, m

aking sure that it is long en
o

u
g

h
 an

d
 

sitting straight. W
ork

ing from
 o

n
e en

d
 the w

indw
ard side is secu

red
 w

ith cable ties to
 the galvanised 

w
ire an

d
 the m

esh
 of th

e base. T
h

e o
p

en
ing ed

g
e is secu

red
 using electrical cable, tw

o o
r three 

fasteni ngs per cell. 

A
gain, these shou

ld b
e tight an

d
 the lid tied dow

n securely. F
or every seco

n
d

 cell a split is cu
t into th

e 
lid running fro

m
 the leew

ard edg
e ap

p
roxim

ately tw
o thirds across the top. T

his allow
s the to

p
 to b

e 
lifted from

 tw
o cells at a tim

e. E
very divider ben

eath a cu
t w

ill need a 100 m
 piece laid flat along the 

full leng
th o

f its divider to prevent a g
ap

e fro
m

 o
ccurring at the cut. T

he split is joined using a piece of 
electrical cable p

assed
 through th

e p
artition. 

T
he trick w

h
en

 w
orking w

ith the plastic m
esh

 is to pull everything tight. It should n
o

t b
e put under too 

m
u

ch
 stress b

ut, if taut, there is less m
o

v
em

en
t during w

ave action and it is less likely to tear. 

2
.3

 
Subtidal ocea

n nursery 

A
 protected but shallow

 (2
-3

 m
 at low

 tide) site should b
e so

u
g

h
t for subtidal culture. C

lam
s are 

placed in trays, cages, enclosures, or a com
bination of these either o

n
 o

r w
ithout substrates. 

24 
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B
am

bo
o 

sl
ot
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ag

e 

TH
E 

O
C

E
A

N
 N

U
RS

ER
Y 

2.
3.

1 
C

ag
es

 

C
la

m
 c

ag
es

 f
un

ct
io

n 
(1

) 
to

 p
ro

te
ct

 c
la

m
s 

fr
om

 b
ot

to
m

 d
w

el
li

ng
 p

re
da

to
rs

 s
uc

h 
as

 c
ra

b
s 

an
d

 
ca

rn
iv

or
ou

s 
fi

sh
es

 (
e.

g.
 t

ri
gg

er
fi

sh
) 

an
d

 (
2)

 t
o 

re
ta

rd
 s

tr
on

g 
w

at
er

 m
o

v
em

en
t 

th
us

 m
in

im
is

in
g 

di
st

ur
ba

nc
e 

to
 t

he
 c

la
m

s.
 

M
at

er
ia

ls
 f

or
 c

la
m

 c
ag

es
 d

ep
en

d
 o

n
 t

he
 r

aw
 m

at
er

ia
ls

 l
oc

al
ly

 a
va

il
ab

le
, 

i.e
., 

ne
ts

 (
m

ad
e 

of
 

po
ly

et
hy

le
ne

, 
ny

lo
n 

or
 n

yl
on

 n
et

ti
ng

 m
at

er
ia

l)
, 

b
am

b
o

o
, 

L
eu

ca
en

a 
(i

pi
l-

ip
il)

 w
oo

d,
 P

V
C

 p
ip

es
 a

n
d

 
ot

he
rs

. 
C

ag
es

 s
ho

ul
d 

b
e 

de
si

gn
ed

 a
n

d
 p

os
it

io
ne

d 
w

ith
 t

h
e 

le
as

t 
po

ss
ib

le
 r

es
is

ta
nc

e 
to

 c
ur

re
nt

s 
to

 
en

su
re

 d
ur

ab
il

it
y.

 T
hi

s 
co

ul
d 

be
 d

o
n

e 
by

 l
ow

er
in

g 
ca

g
e 

he
ig

ht
 (

ap
pr

ox
im

at
el

y 
0.

3 
m

),
 f

ac
in

g 
th

e 
pa

rt
 

of
 th

e 
ca

g
e 

w
ith

 l
ea

st
 s

ur
fa

ce
 a

re
a 

to
 t

he
 d

ir
ec

ti
on

 o
f 

th
e 

on
co

m
in

g 
cu

rr
en

t,
 p

os
it

io
ni

ng
 t

he
 c

ag
e 

be
hi

nd
 b

ig
 c

or
al

 h
ea

ds
, 

fi
rm

ly
 p

eg
gi

ng
 t

h
e 

ca
g

e 
to

 t
h

e 
bo

tt
om

, 
o

r 
cr

ea
ti

ng
 a

n
 a

rt
if

ic
ia

l 
ba

rr
ie

r.
 

E
xp

er
ie

nc
e 

at
 S

U
M

L
, U

PM
SI

 a
n

d
 a

t M
ic

ro
ne

si
an

 M
ar

ic
ul

tu
re

 D
ev

el
op

m
en

t C
en

tr
e 

(M
M

D
C

) 
o

ce
an

 
nu

rs
er

ie
s 

h
as

 s
ho

w
n 

th
at

 c
ag

es
 h

av
e 

to
 b

e 
re

gu
la

rl
y 

cl
ea

n
ed

 o
f f

ou
li

ng
 a

lg
ae

 a
nd

 i
nv

er
te

br
at

es
 w

hi
ch

 
sh

ad
e 

th
e 

cl
am

s 
an

d
 o

ve
rl

y 
re

st
ri

ct
 w

at
er

 m
o

v
em

en
ts

. T
hi

s 
ca

n
 b

e 
d

o
n

e 
by

 m
an

ua
ll

y 
sc

ru
bb

in
g 

th
e 

ca
g

es
 o

r 
re

pl
ac

in
g 

an
d

 d
ry

in
g 

th
em

. 
In

 i
nt

er
ti

da
l 

nu
rs

er
ie

s 
th

e 
ca

g
es

 a
re

 r
eg

ul
ar

ly
 e

x
p

o
se

d
 d

ur
in

g 
lo

w
 

ti
de

s,
 c

ut
ti

ng
 d

ow
n 

al
ga

l 
gr

ow
th

 a
n

d
 in

ve
rt

eb
ra

te
 c

ol
on

is
at

io
n.

 T
he

 u
se

 o
f a

nt
if

ou
li

ng
 p

ai
nt

s 
o

n
 m

es
h

es
 

is
 n

o
t r

ec
o

m
m

en
d

ed
 a

s 
th

e 
pa

in
t p

ee
ls

 o
ff

 to
o

 e
as

il
y 

to
 b

e 
ef

fe
ct

iv
e 

an
d

 is
 s

o
m

et
im

es
 to

xi
c 

to
 th

e 
cl

am
s.

 

B
el

ow
 a

re
 s

ug
ge

st
ed

 t
y

p
es

 o
f 

be
nt

hi
c 

ca
g

es
 a

n
d

 t
he

ir
 s

pe
ci

fi
c 

re
qu

ir
em

en
ts

: 

B
am

bo
o 

sl
at

 c
ag

e 

B
am

bo
o 

sl
at

s,
 s

uc
h 
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 t

h
o

se
 u

se
d 

in
 m

ak
in

g 
th

e 
tr

ad
it

io
na

l 
fi

sh
 t

ra
p,

 c
an

 b
e 

us
ed

 f
or

 c
ag

es
 

(F
ig

ur
e 

2.
5)

. 

N
et

 a
n

d
 b

am
bo

o 
o

r 
le

u
ca

en
a 

ca
ge

 

A
 b

am
b

o
o

 b
as

e,
 b

am
b

o
o

 s
tr

ip
s 

an
d

 L
eu

ca
en

a 
tr

un
ks

 c
an

 b
e 

u
se

d
 a

s 
fr

am
es

 f
or

 t
he

 c
ag

e 
an

d
 a

 n
et

 
fo

r 
co

ve
ri

ng
. T

he
 n

et
 s

ho
ul

d 
b

e 
do

ub
le

d 
o

n
 t

h
e 

bo
tt

om
 p

ar
t 

of
 th

e 
ca

g
e 

fo
r 

du
ra

bi
li

ty
. 

A
 f
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e 

m
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 n

et
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O
C

E
A

N
 CULTURE O

F G
IA

N
T C

LAM
S 

(1
0

-2
5

 m
m

 m
esh

) should b
e used to discourage the entrance of the bottom

 dw
elling predators. T

he 
upper surface of the cag

e is covered w
ith a n

et of larger m
esh

 (2
5

-4
0

 m
m

 m
esh) to allow

 w
ater 

m
o

v
em

en
t w

ithin the cage. Iron bars can
 replace L

eucaena or b
am

b
o

o
 as fram

es for clam
 cages. 

T
hey m

ay
 b

e m
ore expensive th

an
 b

am
b

o
o

 but are m
ore durable. T

he size of the cag
e d

ep
en

d
s on 

the size of th
e clam

s. E
xam

ples of this type of cag
e are show

n in F
igure 2.6. 

Plastic cage 

P
erhaps the m

o
st versatile cag

es are m
ad

e from
 polyethylene like the o

n
es em

ployed at SU
M

L
 an

d
 

U
PM

SI (F
igure 2.7A

,B
). G

reen polyethylene m
esh

es are available in the P
hilippines at various m

esh
 

sizes (in inches) an
d

 3
0

 x 1 m
 rolls. 

In S
illim

an, tw
o m

esh
 sizes -

3
/4

 inch (approxim
ately 2

0
 m

m
) an

d
 1

/2
 inch (approxim

ately 12 m
m

) 
-

w
ere ch

o
sen

 for to
p

 an
d

 bottom
 covers, respectively. A

 1.5 m
 length is cu

t from
 each

 roll an
d

 a 
1 x 0.5 m

 b
ase is m

easu
red

 from
 the sm

aller m
esh

 an
d

 a 1.2 x 0.6 m
 lid from

 the bigger m
esh. E

ach
 

of the four sides is folded an
d

 tied w
ith an

 electrical cable w
ire to form

 a rectangle. B
ottom

 an
d

 lids are 
tied w

ith cable w
ire at the longer side of the box. T

he cag
es are pegged to the bottom

 using iron bars, 
w

ith one en
d

 h
am

m
ered

 to curve back. Iron bars are fitted into the cag
e fold of the bottom

 m
esh. T

w
o 

bars plus the ad
d

ed
 w

eight of the substrate k
eep

 the cag
e at the bottom

. 

T
he plastic cag

e utilised by U
PM

SI in B
olinao u

ses polyvinylchloride (PV
C

) pipes as fram
es (F

igure 
2.7B

). PV
C

 pipes have b
een

 used since they are m
ore durable than b

am
b

o
o

 fram
es. T

he case and the 
lid have the sam

e dim
ensions an

d
 m

esh size as at S
U

M
l. 

T
he sm

aller net m
esh

 (10 m
m

) is used w
hen deploying clam

s w
ith shell lengths less th

an
 6

0
 m

m
. 

T
hese sm

all clam
s are placed o

n
 perforated trays. T

he bigger m
esh (20 m

m
) is used for clam

s larger 
than 60 m

m
 an

d
 these clam

s are placed directly o
n

 the cage. T
he cag

e is elevated o
n

e m
etre from

 th
e 

bottom
 and su

p
p

o
rted

 by four angle bars to m
inim

ise predation from
 benthic organism

s. 'S
kirts' 

m
ad

e of plastic gallon jars are installed o
n

 each
 p

o
st to prevent predation from

 herm
it crab

s an
d

 o
th

er 
craw

ling organism
s w

hich m
ight prey on the clam

s (F
igure 2

.8). 
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Figure 2.10 
T

ypes of galvanised w
ire cages 

cag
ed

 but rather placed inside a net enclosure held in place by b
am

b
o

o
 or w

ooden (L
e

u
ca

e
n

a
) posts. 

T
he situation is alm

ost sim
ilar to th

e grow
out p

h
ase except for the presence of the net enclosures. 

2.3.3 
E

xclosures 

A
n

 exclosure is essentially a plastic m
esh

 fence anchored to the substrate an
d

 floated from
 the 

surface (F
igure 2.12A

,8). T
his is slightly different from

 an
 enclosure, w

hich does not have floats. T
he 

tidal height above the point of the o
cean

 nursery needs to b
e determ

ined prior to construction so
 that 

the exclosure w
ill be tau

t at high tide but not sink the floats. O
n

ce the height above the substrate h
as 

been established another 200 m
m

 needs to be added to u
se as the skirt around the bottom

. 

F
or ease, m

o
st of the initial construction is best done o

n
 land. T

he netting is prepared in tw
o sections, 

each
 31 m

 long (a 15 m
 sq

u
are unit plus so

m
e overlap). T

h
e oyster m

esh
 co

m
es in 2 m

 w
ide rolls. If 

2
8

 

Figure 2.11 
C

lam
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d
riven into the coral or sand

. T
he other tw

o sides are m
easured, m

ak
in

g sure that a true sq
u

are is 
form

ed. C
orner pickets are d

r iven
 in w

ith tw
o m

o
re pickets p

er side installed 5 m
 apart. T

he netting is 
attached to the substrate u

sing galvanised
 fencing w

ire threaded through the m
esh

 an
d

 leaving the 
200 m

m
 skirt lying flat outside the exclosure. P

recautionary m
easu

res should b
e tak

en
 against the 

possibility of electrolysis (see S
ection 2.2.1 o

n
 lines). A

fter o
n

e length is attached it should extend 
from

 o
n

e corner along tw
o sides to just beyond the opposite corner. T

he other 31 m
 length can

 also 
be attached starting w

here the overlap occurs. T
his m

ean
s that there is an

 overlap of approxim
ately 

one m
etre at both joints. T

he corners can
 now

 b
e joined using 3 m

m
 rope threaded through alternate 

holes, su
ch

 that the tw
o m

esh
es lie flat against each

 other an
d

 the to
p

 ed
g

es are lined up. If tw
o 

joining ropes are threaded, sep
arated

 by a sm
all gap, it m

ak
es the joint m

ore secure. 

A
t this stag

e th
e float line can

 be attached
. S

tarting at one corner, the top of the net is w
rapped over 

the float line an
d

 the tw
o header ropes are attach

ed
 together using cable ties. T

hree ties per length of 
tubing seem

s to w
ork satisfactorily. C

are should be tak
en

 n
o

t to put a tie to
o

 close to the float as it w
ill 

tend to slip off the end of the tubing. It is im
portant to m

ak
e sure that all along the float line the tu

b
es 

are pushed into th
e floats. A

t the corners, the loose en
d

s of the rope from
 each

 side are p
assed

 
through the large float, pulled tight an

d
 tied together outside the float. T

his acts as a joining point for 
the guy rope. A

fter the flo
at lin

es are in place, the loose en
d

s of the rope are trim
m

ed an
d

 sealed. T
he 

guy ropes are attached to the corners an
d

 tied to a picket placed diagonally off the corner. T
he guy 

rope m
u

st be long enough not to drag the corner dow
n at th

e highest tide. If 3 m
m

 rope is tied at 
sub

strate height every 3 m
 to form

 a grid pattern inside the exclosure the clam
s can

 be m
onitored 

m
ore easily in 25 sq

u
ares m

arked out. 

T
he skirt can

 have co
ral bou

ld
ers laid along it to prevent any benthic predators from

 craw
ling under it. 

It is im
portant to m

ak
e sure th

at all the en
d

s are tied off, the ties are all tight an
d

 that there are no 
g

ap
s w

here the netting h
as been joined together. 

T
he problem

 w
ith this design is that during low

 tide, the net slackens an
d

 covers the clam
 at the 

periphery, causing shading. A
 m

odification of this design is em
ployed in B

olinao (U
PM

SI) w
here 

another row
 of buoys is added at the height of the low

 tide level (see F
igure 2.12B

). W
ith this design

, 
the portion of th

e net below
 the low

 w
ater m

ark is still upright even during low
 tides. 
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t 
th

em
 f

ro
m

 b
ei

ng
 w

as
h

ed
 a

b
o

u
t.

 

3.
2.

1 
G

ra
ve

l 

G
ra

ve
l 

2
0

-3
0

 m
m

 i
n 

di
am

et
er

 c
an

 b
e 

u
se

d
 f

or
 s

ub
st

ra
te

. 
It 

is
 p

ou
re

d 
or

 s
ho

ve
ll

ed
 i

nt
o 

th
e 

ca
g

es
 o

r 
ce

ll
s 

to
 a

 d
ep

th
 o

f 
5

0
 m

m
. 

3.
2.

2 
C

on
cr

et
e 

bl
oc

ks
 

C
on

cr
et

e 
bl

oc
ks

 (
F

ig
ur

e 
3

.1
) 

of
fe

r 
ju

ve
ni

le
 c

la
m

s 
su

b
st

ra
te

s 
w

ith
 n

o 
cr

ev
ic

es
 f

or
 p

re
da

to
rs

 t
o

 h
id

e 
in

. 
B

lo
ck

 s
iz

e 
d

ep
en

d
s 

on
 t

he
 s

iz
e 

of
 c

ag
es

 -
a 

ru
le

 o
f 

th
u

m
b

 is
 e

as
y

 h
an

dl
in

g 
an

d
 t

ra
n

sp
o

rt
. T

he
 d

es
ig

n 3
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introduced to SU
M

L
 w

as 0.5 m
 x 0.5 m

 x 3 cm
 supported by a w

ire m
esh

 fram
e em

b
ed

d
ed

 in the 
cem

ent, T
he surface of each

 block w
as scratch

ed
 w

ith 50 1
-m

m
 lines, using a co

m
m

o
n

 nail to create 
lines for clam

 attach
m

en
t in the otherw

ise sm
o

o
th

 surface. Juvenile T. cro
ce

a
 an

d
 T. m

a
x
im

a
 w

ere 
placed in these and allow

ed to attach in th
e land-based nursery before transfer to the o

cean
 nursery. 

T
his w

as m
odified at SU

M
L

 for other species cultured at the laboratory. O
ne m

odification w
as m

aking 
criss-crossing scratches on th

e blocks. A
nother m

odification w
as em

bedding gravel (2
0

-3
0

 m
m

) in 
the concrete 50 m

m
 ap

art to create m
ore surface area for clam

 attachm
ent. T

he em
b

ed
d

ed
 gravel 

also provides w
edges for the juvenile clam

s w
ith w

eak byssal attachm
ent. S

m
aller sizes (5

-1
0

 m
m

) of 
stones an

d
 rubble w

ere also used to cover the entire surface of the block. S
m

aller areas for 
attach

m
en

ts are available an
d

 clam
s ap

p
ear to attach m

ore readily. 

B
lock sizes w

ere designed to fit 2 blocks p
er 1 m

 x 0.5 m
 cag

e used by SU
M

L. S
m

aller blocks, 
how

ever, are easier to handle underw
ater an

d
 fit into cag

es. 

3.2.3 
W

ire-rein
fo

rced
 concrete 

M
ost cag

e b
ases at IC

L
A

R
M

-C
A

C
 are constructed of w

ire-reinforced concrete. A
 fram

e for the b
ase is 

constructed out of appropriate steel or galvanised m
aterial su

ch
 as angle bar. G

alvanised chicken w
ire 

m
esh

 is stretched taut as possible across the fram
e an

d
 covered w

ith a thin layer of concrete (ab
o

u
t 

10 m
m

 thick). T
his technique offers a considerable reduction in w

eight co
m

p
ared

 to other co
n

crete 
designs, allow

ing larger cag
es to b

e m
ade. T

hese b
ases are com

m
only used in floating sy

stem
s at th

e 
IC

L
A

R
M

-C
A

C
. T

ypical sizes of b
ase used at C

A
C

 are 1.5 m
 x 0.75 m

 and 1.0 m
 x 0.75 m

. In th
e case 

of cag
es m

ad
e from

 w
elded w

ire m
esh

 folded into the sh
ap

e of a b
ask

et or box, the b
ase of th

e cag
e 

provides the reinforcing as long as cag
e size d

o
es not exceed 1.0 m

 x 0.75 m
. 

3
.2

 
E

stim
ating num

bers o
f iuvenile clam

s 

Juvenile clam
s are collected from

 the nursery tanks by cutting the byssal attach
m

en
ts w

ith a sh
arp

 
knife. T

he byssal threads should be cu
t cleanly an

d
 the clam

 should not be pulled
. T

he clam
s are then 

3
2
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ph

on
ed

 o
ut

 o
f 

th
e 

ta
nk

 i
nt

o 
an

 a
pp

ro
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ia
te

 s
iz

ed
 s

cr
ee

n 
an

d 
th

en
 i

nt
o 

a 
tr

ay
. 

Fi
ve

 t
o 

te
n 

pi
le

s 
of

 1
00

 
cl

am
s 

ea
ch

, 
ra

nd
om

ly
 c

ou
nt

ed
, 

ar
e 

m
ad

e.
 A

 p
ile

 i
s 

ad
de

d 
to

 a
 g

ra
du

at
ed

 c
yl

in
de

r 
w

ith
 a

 s
m

al
l 

am
o

u
n

t 
of

 s
ea

w
at

er
 a

nd
 t

he
 i

nc
re

as
e 

in
 t

he
 v

ol
um

e 
of

 w
at

er
 is

 r
ec

or
de

d.
 T

he
 a

ve
ra

ge
 v

ol
um

e 
fr

om
 5

-1
0

 p
ile

s 
is

 c
al

cu
la

te
d.

 

F
or

 e
xa

m
pl

e,
 f

or
 3

50
0 

cl
am

s 
pe

r 
o

ce
an

 n
ur

se
ry

 c
on

ta
in

er
: 

5.
1 

m
L

 s
ea

w
at

er
 d

is
pl

ac
ed

 p
er

 1
00

 c
la

m
s 

ad
de

d 
(a

ve
ra

ge
 o

f 
10

 m
ea

su
re

m
en

ts
) 

Le
. 

51
 m

L
 =

 
10

00
 c

la
m

s 

T
he

re
fo

re
, 

fo
r 

35
00

 c
la

m
s:

 

51
 x

 3
.5

 =
 
17

8.
5 

m
L

. 

M
ea

su
re

 c
la

m
s 

by
 s

ta
rt

in
g 

w
ith

 a
 k

no
w

n 
vo

lu
m

e 
of

 s
ea

w
at

er
 in

 a
 g

ra
du

at
ed

 c
yl

in
de

r 
(s

ay
 2

0 
m

L
) 

an
d

 
ad

d 
cl

am
s 

to
 1

98
.5

 m
L.

 

3
.3

 
St

oc
ki

ng
 w

ith
 j

uv
en

ile
 c

la
m

s 
3.

3.
1 

St
oc

kl
 ..

..
..

..
 'I

ty
 

F
or

 a
n 

in
te

rt
id

al
 b

ox
 o

r 
ce

ll 
(o

f 
a 

lin
e)

, 
st

oc
ki

ng
 d

en
si

ty
 o

f 
ab

o
u

t 
5

0
0

 p
er

 s
q

u
ar

e 
m

et
re

 is
 

re
co

m
m

en
de

d.
 K

ee
pi

ng
 t

he
 d

en
si

ty
 r

ea
so

na
bl

y 
hi

gh
 h

el
ps

 t
o 

co
nt

ro
l 

th
e 

gr
ow

th
 o

f 
al

ga
e 

a 
lit

tle
, 

bu
t 

ch
ai

ns
 m

us
t 

be
 m

on
it

or
ed

 c
lo

se
ly

 f
or

 t
he

 p
os

si
bi

li
ty

 o
f 

ov
er

cr
ow

di
ng

. 
If 

m
or

e 
th

an
 7

5%
 o

f 
th

e 
su

bs
tr

at
e 

is
 c

ov
er

ed
 b

y 
cl

am
s 

th
en

 t
he

y 
m

u
st

 b
e 

th
in

ne
d 

ou
t 

b
ec

au
se

 t
he

ir
 g

ro
w

th
 r

at
e 

w
ill

 b
e 

in
hi

bi
te

d.
 W

he
n 

th
e 

cl
am

s 
ar

e 
ab

ou
t 

tw
o 

ye
ar

s 
ol

d 
th

en
 3

0
-4

5
 p

er
 s

q
u

ar
e 

m
et

re
 is

 t
he

 b
es

t 
nu

m
be

r 
fo

r 
a 

ce
ll.

 I
t i

s 
im

po
rt

an
t t

ha
t 

if 
th

e 
cl

am
s 

ha
ve

 a
 s

ea
so

na
l 

gr
ow

th
 p

at
te

rn
 t

he
y 

sh
ou

ld
 b

e 
th

in
ne

d 
pr

io
r 

to
 

su
m

m
er

 to
 a

llo
w

 t
he

m
 t

o 
ha

ve
 u

ni
nh

ib
it

ed
 g

ro
w

th
 d

ur
in

g 
th

ei
r 

fa
st

es
t 

gr
ow

th
 p

er
io

d.
 

F
or

 a
 c

ag
e 

si
ze

 o
f 

1 
m

 i
n 

le
ng

th
 x

 0
.5

 m
 i

n 
w

id
th

 x
 0

.3
 m

 i
n 

he
ig

ht
, 

ap
pr

ox
im

at
el

y 
10

0 
ju

ve
ni

le
s 

(3
0

-5
0

 m
m

) 
ca

n 
be

 s
to

ck
ed

. 
F

or
 b

ig
ge

r 
ju

ve
ni

le
s 

(7
0

-8
0

 m
m

),
 f

ew
er

 c
la

m
s 

sh
ou

ld
 b

e 
st

oc
ke

d 

3
3
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(30 individuals) for the sam
e cag

e dim
ensions. O

n
ce the clam

s start to ap
p

ear crow
ded, they should 

be thinned out (Le., so
m

e clam
s should be transferred to another cage). 

In the exclosure each
 3 m

etre sq
u

are grid can
 easily take 9

0
 tw

o year-old clam
s. U

p to 120 can
 be put 

into the sam
e area but these w

ill have to be thinned at a later date. It they are left in the exclosure until 
three years of ag

e they can
 be m

oved directly into the grow
th areas. T

he alternative is to rem
ove the 

exclosure leaving the clam
s in position and setting u

p
 the exclosure som

ew
here else. 

3.3.2 
Sources of tu

ven
lles 

H
atcheries th

at are actively producing juveniles are listed in B
ox 3

.1. 

3
.4

 
Transport 

F
or short distances requiring 2

-5
 hours of travel juveniles m

ust be w
rapped in m

oist cheesecloth or 
new

spaper and placed inside insulated boxes to prevent desiccation and jarring of clam
s. If transport 

exceeds 5 hours, clam
s w

rapped in m
oist cloth need to be placed in plastic bags to w

hich pure 
oxygen h

as been added. P
ure oxygen can

 b
e procured from

 oxy-acetylene outlets. 

A
t the o

cean
 nursery site tan

k
s should be set up before the arrival of the juvenile clam

s. If clam
s are 

placed inside plastic bags, these should be low
ered into the sea w

ater to allow
 the clam

s to adjust to 
am

bient tem
perature. T

he juveniles are then unw
rapped and sprinkled w

ith sea w
ater. W

hen 
thoroughly w

et, they are then transferred to the nursery tanks. 

3
.5

 
M

easurem
ents o

f juveniles 

It is desirable to keep records of the grow
th and survival of batches of juvenile clam

s at least 3
-4

 
tim

es a year in order to discern seasonal differences and the general grow
th rate to be expected in 

future batches. T
he equipm

ent required is basic: a vernier caliper (200+
 m

m
 length), m

ad
e of good 

34 

B
O

l3.1 

Spedes 

T. cr«eo 

T. deraso 

T. gigos 

T.moximo 

T. squamaso 

H. hippopus 

H. parcel/onus Sources of juvenile giont cwms 

Location 

Austrolia: Reefarm HoIcheries 01 Coims 
Polou: MMDC 01 Karor 
Philippines: SUML 01 Dumoguele 

UPMS 01 Bolinoo 

Poluo: MMDC 01 Koror 
Philippines: SUML 01 Dumoguele 

AuslrmlO: Reeform 01 Cairns 
M

orsholllslands: CIomform 01 W
o'u I. 

Solomon Islands: CA( 01 Honiaro 

A~: 01 M
okogoi 

Phitlppines: SUML 01 Dumoguel' 
Tongo 

Aji: AJ M
okogoi 

Philippines: SUML 01 Durnoguele 

Austrolio: Reeform 01 Cairns 
Polou: MMDC 01 Koror 
Philippines: SUML 01 Dumoguel, 
Solomon I.: UC 01 Honiaro 

Polou: MMDC 01 Koror 
Philippines: SUML 01 Dumoguele 
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ha
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ca

n
 w

ei
gh

 c
la

m
s 

up
 t

o 

2
-3

 k
g.

 A
 m

ea
su

ri
ng
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oa

rd
 c
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ls
o 

be
 c

on
st

ru
ct
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 s

u
ch

 a
s 

is
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se
d 

in
 m
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ta

nd
ar

d 
fi

sh
 

le
ng

th
s.

 

A
 r

an
do

m
ly

 c
h

o
se

n
 g

ro
up

 o
f 

5
0

-1
0

0
 ju

ve
ni

le
s 

w
hi

ch
 a

re
 a

b
o

u
t 

40
+

 m
m

 s
he

ll
 l

en
gt

h 
m

ay
 b

e 
in

di
vi

du
al

ly
 t

ag
g

ed
 w

ith
 p

la
st

ic
 D

ym
ot

ag
 n

u
m

b
er

s 
an

d 
tw

o-
pa

rt
 e

po
xy

 g
lu

e 
(E

pi
ge

n 
5

0
3

 o
r 

A
qu

at
op

ox
y)

 o
nt

o 
a 

cl
ea

ne
d 

an
d

 d
ri

ed
 a

re
a 

of
 th

ei
r 

sh
el

l. 
T

h
es

e 
ta

g
g

ed
 c

la
m

s 
ca

n
 t

he
n 

be
 p

la
ce

d 
in

 
th

e 
nu

rs
er

y 
an

d
 r

eg
ul

ar
ly

 m
ea

su
re

d.
 I

nd
iv

id
ua

l 
ta

gg
in

g 
is

 s
up

er
io

r 
to

 t
ak

in
g 

a 
ra

nd
om

 5
0

-1
0

0
 c

la
m

s 
at

 e
ac

h
 m

ea
su

re
m

en
t 

b
ec

au
se

 i
nd

iv
id

ua
l 

gr
ow

th
 i

nc
re

m
en

t 
in

cr
ea

se
d 

ca
n

 b
e 

fo
llo

w
ed

 a
n

d
 t

he
 s

am
e 

in
di

vi
du

al
s 

ar
e 

m
ea

su
re

d
 e

ac
h

 t
im

e.
 

W
he

n 
w

ei
gh

in
g 

cl
am

s,
 t

he
 a

ni
m

al
 s

ho
ul

d 
b

e 
in

ve
rt

ed
 o

n
 a

 p
ap

er
 to

w
el

 f
or

 a
b

o
u

t 
1

0
-1

5
 m

in
ut

es
 b

ef
or

e 
w

ei
gh

ts
 a

re
 t

ak
en

. 
If 

th
e 

cl
am

s 
ar

e 
se

ns
it

iv
e 

to
 d

ry
in

g 
(e

sp
ec

ia
ll

y 
in

 t
he

 c
as

e 
of

 s
m

al
l 

ju
ve

ni
le

s)
 t

he
 

ea
si

es
t 

an
d

 p
ro

ba
bl

y 
m

o
st

 a
cc

u
ra

te
 m

et
h

o
d

 is
 t

o 
w

ei
gh

 t
he

 c
la

m
s 

w
ith

 m
an

tl
e 

ca
vi

ty
 w

at
er

, 
re

m
ov

e 
th

e 
cl

am
 a

n
d

 t
he

n 
ge

t 
th

e 
w

ei
gh

t 
of

 ju
st

 th
e 

m
an

tl
e 

ca
vi

ty
 w

at
er

. T
he

 w
ei

gh
t 

of
 t

he
 c

la
m

 i
s 

th
e 

di
ff

er
en

ce
 b

et
w

ee
n 

to
ta

l 
w

ei
gh

t 
an

d
 w

ei
gh

t 
of

 w
at

er
. 

3
.6

 
R

ec
or

ds
 

R
ec

or
ds

 o
f 

cl
am

 s
ee

d,
 i

nc
lu

di
ng

 a
ge

, 
m

ea
n

 s
iz

e,
 s

pa
w

ni
ng

 d
at

e 
an

d
 o

th
er

 d
at

a 
sh

ou
ld

 b
e 

ke
pt

 o
n 

fil
e.

 
T

hi
s 

in
fo

rm
at

io
n 

is
 u

su
al

ly
 i

nd
ic

at
ed

 in
 t

he
 r

ec
ei

pt
 g

iv
en

 b
y 

th
e 

ha
tc

he
ry

. 

A
ft

er
 t

he
 o

ce
an

 n
ur

se
ry

 h
as

 b
ee

n 
op

er
at

in
g 

fo
r 

a 
w

hi
le

 i
t w

ill
 b

e 
ne

ce
ss

ar
y 

to
 m

ov
e 

cl
am

s 
in

to
 

di
ff

er
en

t 
ar

ea
s 

to
 a

llo
w

 f
or

 t
he

ir
 i

nc
re

as
e 

in
 s

iz
e.

 I
f 

ac
cu

ra
te

 r
ec

or
ds

 a
re

 n
ot

 k
ep

t 
th

e 
ag

e 
cl

as
se

s 
w

ill
 b

e 
co

nf
us

ed
. 

It 
p

ay
s 

to
 e

st
ab

li
sh

 a
 p

ro
gr

am
 s

o
 t

ha
t 

ag
e 

cl
as

se
s 

ar
e 

k
ep

t 
in

 t
he

 s
am

e 
ge

ne
ra

l 
ar

ea
. 

If 
it 

is
 

im
po

rt
an

t 
to

 k
ee

p
 s

ep
ar

at
e 

sp
aw

ni
ng

s 
di

st
in

ct
, 

th
en

 it
 i

s 
vi

ta
l 

to
 k

no
w

 w
he

re
 t

he
y 

w
er

e 
or

ig
in

al
ly

 
pl

ac
ed

. 

If 
a 

st
oc

kt
ak

e 
(k

ee
pi

ng
 a

 r
ec

or
d 

of
 t

he
 t

ot
al

 s
to

ck
 b

y 
co

un
ti

ng
 a

n
d

 r
ec

or
di

ng
 e

ve
ry

 c
la

m
 in

 e
ac

h
 a

re
a)

 
is

 c
ar

ri
ed

 o
ut

 e
ve

ry
 s

ix
 m

on
th

s 
th

en
 a

n
 a

cc
u

ra
te

 a
cc

o
u

n
t 

of
 th

e 
n

u
m

b
er

 o
f 

cl
am

s 
fo

r 
a
n

y
o

ne
 a

g
e 

3
5

 

3 



O
C

E
A

N
 CULTURE O

F G
IA

N
T C

LAM
S 

group can
 be ascertained. T

his enables the farm
er to determ

ine if there have b
een

 any m
ajor losses 

that have not been accounted for during general m
onitoring. A

lso total average w
eights can be 

w
orked o

u
t for each

 ag
e group and for the total farm

 for determ
ining production rates. 

3
.7

 M
onitoring 

M
onitoring activities of the o

cean
 nursery include the follow

ing: 

36 

C
leaning of cag

es by brushing off algae and other organism
s grow

ing inside and outside the 
cages. T

his should be done every few
 days to prevent dense algal grow

th w
hich w

ill be harder to 
rem

ove later; 

R
em

oval of predators (see section on predator control in C
hapter 5); 

R
em

oval of dead shells and exam
ination of the shells for probable cau

ses of death; 

T
hinning o

u
t of clam

s inside cag
es w

hen they b
eco

m
e overcrow

ded; 

C
hecking for cag

e tears, breakage and destruction of anchors; 

C
hecking of clam

s after storm
s, strong w

ave action,and other occurrences w
hich m

ay
 affect the 

clam
s; 

S
tock counting (stocktake); and 

M
easuring grow

th
. 

, 
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.2

 
Site selection for grow

out 

S
ee S

ection 2.1 on site selection for o
cean

 nurseries. T
he sites m

ay
 either be adjacent to the o

cean
 

nursery or located so
m

e distance aw
ay from

 the nursery. 

4
.3

 
Sources o

f juveniles 

Juveniles for the grow
out p

h
ase are those from

 the o
cean

 nursery w
hich have reached 'escap

e size' 
(about 200 m

m
). If available, they m

ay
 also be purchased from

 agencies w
ith o

cean
 nurseries and 

transported to
 the grow

out site. 

4
.4

 
Transport 

T
he clam

s can
 be transported in several w

ays. O
n

e w
ay is by placing the collected anim

als on their 
sides in trays an

d
 putting th

em
 in a sh

ad
ed

 area of the transporting vessel. T
he clam

s m
u

st be 
sprayed w

ith clean seaw
ater from

 tim
e to tim

e. C
lam

s can
 also be transported by putting th

em
 in 

plastic buckets filled w
ith seaw

ater an
d

 aerated. If possible, a w
edge (Le., tyres or w

ood) m
u

st be 
placed at the b

ase of each
 clam

 to support it and prevent excessive jarring during transportation. 

If transport involves short land travel, clam
s should be w

rapped in m
oist cloth and placed in insulated 

boxes. If travel entails m
ore than 5 hours, the w

rapped clam
s are placed in plastic b

ag
s and pure 

oxygen is ad
d

ed
. 

4
.5

 
A

rrangem
ent o

f clam
s in grow

out area 

C
lam

s of the sam
e species should be grouped together an

d
 separated from

 other species. T
hey 

should be placed sufficiently far apart so
 th

at the valves w
ill not touch. E

ach clam
 should be able to 

open fully w
ithout its valves touching another clam

. 
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Table 5.1 
list of anim

als know
n to prey on giant clam

s 

Fam
ily 

Species 

FLATW
O

R
M

S 

Stylochidae 
Sty/ochus sp. 

S
E

A
S

N
A

llS
 (GASTROPCX>S) 

B
uccinidae (w

helks) 
C

ostellariidae (m
itres) 

R
anellidae (tritons) 

Fasciolariidae (tulip shells) 
M

uricidae (m
urexes) 

Pyram
idellidae 

V
olutidae (volutes) 

O
crO

P
U

S
 

O
dopodidae 

C
R

U
STAC

EA 

D
iogenidae (herm

it crabs) 
G

onodactylidae (m
antis shrim

ps) 
Portunidae (sw

im
m

ing crabs) 
X

anthidae (stone crabs) 

FISH
 B
alistidae (triggerfish) 

L
ethrinidae (em

perors) 
L

abridae (w
rasse) 

T
etraodontidae (pufferfish) 

R
A

yS 

M
yliobatidae (eagle rays) 

4
2

 

C
antharus fum

osus 
Vexillum

 plicarium
, V. cruentafum

? 
C

ym
atium

 aqua tile, C. m
uricinum

, C. nicobaricum
, C. pileare, C. vespaceum

? 
Pleuroploca trapezium

 
C

hicoreus brunneus, C
. m

icrophyllum
, C. ram

osus, C
ronia fiscella, C

. m
argariticola, C. ochrostom

a, M
orula granulata, 

Thais aculeata 
T

 athrella iredalei, T
 urbonilla sp. 

M
elo sp. 

O
ctopus spp. 

D
ardanus deform

 is, D
. lagopodes, D. pedunculafus. 

G
onodacty/us sp. 

Thalam
ita spp. 

A
fergatis spp

., C
arpilius convexus, C. m

aculafus, D
em

ania alcalai, Leptodius sanguineus, Lophozozym
us pictor, 

Zosim
us aeneus. 

Balistapus undulafus, Balistoides sp., Pseudobolistes sp., R
hinecanthus sp. 

M
onotaxis grandoculis 

C
hoerodon spp

., C
heilinus sp., H

alichoeres sp. 
C

anthigasfer valentini, T
 etradon sfellafus. 

A
etobatis narinari. 
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 c
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 d
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 d
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 b
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 c
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5.1.3 
P

yram
id

ellld
ae 

P
yram

idellids are know
n parasites of m

an
y

 sp
ecies of cultured bivalves, including giant clam

s 
(C

um
m

ing 1988). T
w

o genera are reported to affect giant clam
s; T

urbonilla, w
hich h

as b
een

 found in 
A

ustralia, P
hilippines, S

olom
on Islands an

d
 Fiji, an

d
 T

athrella, w
hich h

as been reported from
 P

alau to 
K

osrae. B
oth genera are sm

all (less th
an

 8 m
m

) and ap
p

ear w
hite and fragile (F

igure 5.3). 

A
lthough pyram

idellids parasitise all sizes of clam
s, juvenile clam

s are m
ore seriously affected. 

D
epending on the num

ber of infesting snails and the size of the juvenile clam
, effects range from

 loss 
of condition an

d
 slow

er grow
th to death of the juvenile clam

. U
sually m

ortality only occurs after a 
period of infestation. T

he infestation m
ay

 cau
se th

e clam
 to form

 blisters on the inner surface of the 
clam

 shell close to the shell ed
g

e or n
ear the byssal orifice. S

hell thickening and uneven grow
th 

patterns n
ear the inner valve ed

g
es m

ay
 also b

e present. T
h

e m
antles of affected clam

s m
ay be 

visibly retracted or present dark notch-like scars. 

P
yram

idellids are found either o
n

 the valves of clam
s, under th

e clam
s or on the nearby substrata. 

G
enerally they hide in patches of algae or other refuges during th

e day and co
m

e o
u

t to feed at night. 
T

he snails feed by using their long, flexible sn
o

u
ts to su

ck
 th

e clam
s' body fluids, either from

 the ed
g

e 
of the m

antle o
r through the byssal orifice. 

T
hese p

y
ram

idellids reproduce every 3
-4

 m
onths, an

d
 o

n
ce a breeding popU

lation is established, they 
can

 increase their num
bers by several orders of m

agnitude over ju
st a few

 m
onths. 

5.1.4 
F

latw
orm

s 

S
o

m
e species of turbellarian flatw

orm
s are know

n to be serious p
ests of cultured oysters an

d
 m

ussels 
(U

ttlew
ood and M

arsbe 1990). O
n

e species of flatw
orm

 belonging to the fam
ily S

tylochidae h
as b

een
 

identified as a serious p
est in floating o

cean
 nurseries for T

. gigas at S
olom

on Islands (F
igure 5.4). 

T
hese w

orm
s are flat an

d
 thin an

d
 have an

 irregular sh
ap

e. T
heir light-brow

n to grey colour m
ak

es 
th

em
 very difficult to find as they blend in w

ell w
ith clam

 shells and the cag
e substrate. T

hey vary in 
size from

 a few
 m

illim
etres to 6

0
 m

m
 in length. N

othing is know
n ab

o
u

t the distribution of the sp
ecies 

44 

Figure S.2 
Som

e species of M
uricidae and 

scavenging organism
s com

m
only found 

in ocean-nurseries. C
lockw

ise from
 top 

left: C
hicoreus brunneus, C

ronia 
(M

uricodrupa) fiscella, Pyrene turturina 
and C

ronia ochrostom
a. 
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 c
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 c
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 c
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 d
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ea
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ly

 k
il
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d 

by
 p

re
da

to
rs

 o
r 

di
se
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. 
S

he
ll

-b
or
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g 
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n
g

es
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re
 u
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ly
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nl
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a 
pr
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le
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 i
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ol

de
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w
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 p
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 p
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ly
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oo
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d 
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r 
by

 t
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 c
la

m
 

fa
rm

er
. 

T
h

es
e 
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o

n
g

es
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re
 v

is
ib

le
 o

n
 t

he
 o

u
te

r 
su

rf
ac

es
 o

f 
th

e 
cl

am
's

 s
he

ll
 a

s 
a 

la
rg

e 
n

u
m

b
er

 o
f 

ho
le

s,
 m

o
st

 
ob

vi
ou

s 
o

n
 t

he
 u

nd
er

si
de

 o
f 

th
e 

cl
am

. 
T

he
 h

ol
es

 v
ar

y 
fr

om
 0

.5
-1

.5
 m

m
 i

n 
di

am
et

er
 a

n
d

 a
re

 f
ill

ed
 w

ith
 

sp
o

n
g

e 
ti

ss
ue

 w
hi

ch
 m

ay
 b

e 
or

an
ge

, 
ye

ll
ow

, 
g

re
en

 o
r 

br
ow

n 
(T

h
o

m
as

 1
97

9)
. 

O
n 

th
e 

in
ne

r 
su

rf
ac

es
 o

f 
th

e 
cl

am
's

 s
he

ll
 t

he
 b

or
in

g 
sp

o
n

g
e 

ap
p

ea
rs
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s 
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ne
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k 
of

 c
h
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s 
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sa
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e 
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th

e 
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o
n

g
e 
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d

 in
 s

er
io
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ly

 i
nf
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te

d 
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am
s 

th
e 

sh
el

l 
m

ay
 b

e 
bl

is
te

re
d 

or
 d

ef
o

rm
ed

. O
th

er
 o

rg
an

is
m

s,
 

pa
rt

ic
ul

ar
ly

 b
or

in
g 

al
ga

e 
an

d
 b

ri
st

le
 w

or
m

s 
m

ay
 c

au
se

 s
im

il
ar

 d
am

ag
e 

an
d

 m
ay

 b
e 

co
nt

ro
ll

ed
 in

 t
he

 
sa

m
e 

w
ay

 a
s 

bo
ri

ng
 s

p
o

n
g

es
 (

V
el

ay
ud

ha
n 

19
83

).
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clam
s by crushing o

r chipping th
e shells. C

lam
s are usually protected from

 these anim
als by cag

es o
r 

other m
esh

 system
s, but predators can

 so
m

etim
es find their w

ay into cag
es through badly closed 

covers or even by breaking the m
esh, as do sto

n
e crabs (F

igure 5.5) an
d

 triggerfish. 

O
cto

p
u

ses are capable of w
renching clam

s o
p

en
 to eat them

. O
ften em

p
ty

 clam
 shells from

 an
 

octopus attack w
ill be found so

m
e distance from

 the cages. O
cto

p
u

ses are able to get into even w
ell 

closed cag
es but so

 far have not presented a m
ajor threat to clam

 farm
s. 

5
.2

 
P

redator control 
5.2.1 

G
eneral m

easu
res 

T
he m

o
st effective w

ay of controlling predation o
n

 giant clam
s is regular and thorough ch

eck
s of the 

clam
 sto

ck
s. B

ecause predator o
ccu

rren
ce tends to b

e sporadic or occasional, it is im
portant that the 

ch
eck

s b
e carried out regularly, even though no problem

s have been detected for a considerable 
period of tim

e. C
hecks should b

e carried o
u

t tw
o o

r three tim
es a w

eek but greater frequency m
ay be 

necessary if an
 infestation is detected o

r a m
ass m

ortality of clam
s h

as occurred. W
hen clam

 m
ortality 

can
n

o
t be attributed to adverse environm

ental conditions o
r poor m

aintenance, d
ead

 or dying clam
s 

usually indicate recent predator activities. W
hen such clam

s are found during routine checks, the 
clam

s m
u

st be thoroughly exam
ined, as w

ell as the em
pty shells, the cag

es and the im
m

ediate 
surroundings. P

articular attention should b
e paid to apparently inoffensive, sm

all (3
-5

 m
m

) snails. 
S

o
m

e predators, like the shell-drilling m
uricids, m

ay
 b

e identified from
 characteristic m

arkings m
ad

e 
on the clam

 shell that result from
 the predator's feeding behaviour (T

able 5.2). D
ying clam

s should b
e 

rem
oved as they m

ay attract m
ore predators or m

ay contain pests that w
ill affect other clam

s. 

C
ages should be cleaned regularly

. D
ead shells, debris, fouling anim

als and algae should be rem
oved 

to prevent them
 serving as refuge or suitable egg-laying substrates for predators. In this respect, the 

choice of substrate for a cag
e m

ay
 b

e im
portant as gravel and coral rubble m

ay provide such refuge 
w

hereas a solid and relatively sm
o

o
th

 substrate w
ill not, thereby m

aking predator detection easier. 

It is advisable to rem
ove all anim

als from
 cag

es except for know
n grazers such as top shells 

4
6

 

Figure 5.4 
T

urbellarian R
atw

orm
s (Sty/ochus sp.) 

from
 R

ooting ocean-nurseries in Solom
on 

Islands. 

Figure 5.5 
C

arpi/ius convexus, a xanthid crab 
capable of preying on juvenile 
tridacnids. 
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 f
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n
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 p
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b
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S
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depriving th
e f1atw

orm
s of refuge an

d
 suitable egg-laying substrates. If necessary, clam

s from
 affected 

cag
es can

 b
e harvested an

d
 scrubbed an

d
 the cag

es sun-dried. T
his action can

 be repeated every 3 
m

onths or so
 if infestations are expected. S

erious infestations m
ay be controlled by rem

oving the 
cag

e an
d

 clam
s from

 the sea an
d

 briefly spraying the co
n

ten
ts w

ith fresh w
ater. T

his only kills the 
flatw

orm
s as the clam

s close an
d

 do not ap
p

ear affected by the brief exposure to fresh w
ater. 

5.2.5 
C

ontrol of boring sp
on

ges 

Infested clam
s should be kept sep

arate from
 healthy clam

s to prevent the infestation from
 spreading. 

T
he sp

o
n

g
es can

 be killed by treating the outer surface of the shell w
ith form

alin. T
he affected areas 

should be painted w
ith a 1 %

 form
alin solution an

d
 left out of the w

ater for ab
o

u
t one hour after w

hich 
the shell should b

e rinsed w
ith fresh w

ater before placing b
ack

 in the sea. C
au

tion
: great care should 

be tak
en

 that form
alin d

o
es not co

m
e in co

n
tact w

ith the clam
's tissues. 

5.2.6 
C

ontrol of crushing p
red

ators 

P
ersistent predation by crushing predators m

ay be slow
ed dow

n o
r sto

p
p

ed
 by a variety of m

ethods. 
S

p
ears m

ay
 w

ork w
ell for fish, crabs or octopus. T

he use of tangle nets near the cag
es m

ay
 control 

large crabs, an
d

 traps (F
igure 5.6) can

 b
e used to control so

m
e fish and herm

it crabs. H
ow

ever, m
o

st 
of th

ese predators should b
e excluded from

 clam
 cag

es by the u
se of suitable m

esh
 sizes o

r by raising 
the cag

es from
 the sea bed on posts or trestles. Inverted plastiC

 co
n

es (F
igure 2.8) can

 b
e placed o

n
 

these posts to prevent herm
it crab

s from
 clim

bing into the cag
es. 

5
.3

 
B

iological control o
f predators 

C
ertain species of crab, sp

iny lobster, herm
it crab an

d
 fish (portunids, palinurids, diogenids an

d
 

w
rasse, respectively) are know

n to eat pyram
idellids and can

 be expected to co
n

su
m

e juvenile 
ranellids. U

nfortunately these sam
e species, if large enough, are also know

n to eat juvenile clam
s. 

N
evertheless, if sm

all species are used or th
e size of the control ag

en
ts is rigorously screened there 

ap
p

ears to b
e potential for su

ch
 biological control. 
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Figure 5.6 
Fish trap used at U

PM
SI to rem

ove som
e 

predators. 



PR
ED

AT
O

RS
 A

N
D

 P
RE

D
AT

O
R 

C
O

N
TR

O
L 

It 
h

as
 b

ee
n

 n
ot

ed
 t

ha
t 

de
ns

it
ie

s 
of

 p
yr

am
id

el
li

ds
, j

uv
en

il
e 

ra
ne

ll
id

s 
an

d
 f

1a
tw

or
m

s 
ar

e 
of

te
n 

lo
w

er
 a

nd
, 

in
 t

he
 c

as
e 

of
 f1

at
w

or
m

s,
 n

on
ex

is
te

nt
 in

 b
en

th
ic

 c
ag

es
. 

T
hi

s 
m

ay
 b

e 
du

e 
to

 t
he

 a
ct

io
n 

of
 b

en
th

ic
 

or
ga

ni
sm

s 
fe

ed
in

g 
on

 t
he

se
 p

re
da

to
rs

. 
T

hi
s 

su
gg

es
ts

 t
ha

t 
m

es
h 

si
ze

 o
n

 b
en

th
ic

 c
ag

es
 s

ho
ul

d 
be

 l
ar

ge
 

en
ou

gh
 t

o 
al

lo
w

 a
cc

es
s 

to
 s

uc
h 

or
ga

ni
sm

s 
w

hi
le

 e
xc

lu
di

ng
 c

la
m

 p
re

da
to

rs
. 

T
he

 s
pe

ci
es

 o
f 

gi
an

t 
cl

am
 b

ei
ng

 c
ul

tu
re

d 
m

ay
 a

ls
o 

af
fe

ct
 t

he
 le

ve
l 

of
 m

or
ta

li
ty

 t
ha

t 
ca

n
 b

e 
ex

pe
ct

ed
 in

 
th

e 
o

ce
an

 n
ur

se
ry

. 
S

o
m

e 
cl

am
 s

pe
ci

es
 m

ay
 b

e 
m

or
e 

re
si

st
an

t 
to

 c
er

ta
in

 p
re

da
to

rs
, 

or
 a

ch
ie

ve
 s

uc
h 

re
si

st
an

ce
 a

t 
an

 e
ar

li
er

 a
ge

 o
r 

sm
al

le
r 

si
ze

. 
F

or
 i

ns
ta

nc
e,

 H
ip

p
o

p
u

s 
h

ip
p

o
p

u
s 

ap
p

ea
rs

 t
o 

be
 m

or
e 

re
si

st
an

t 
to

 r
an

el
li

d 
an

d 
so

m
e 

ot
he

r 
pr

ed
at

or
s 

th
an

 T
ri

d
a

cn
a

 g
ig

a
s 

or
 T

. 
d

er
as

a 
(P

er
ro

n 
et

 a
l. 

19
85

).
 4
9

 

5 



C
ha

pt
er

 
6 D

is
ea

se
s 

an
d 

p
ar

as
it

es
 0

1 
gi

an
t "

am
s 

W
hi

le
 t

he
re

 is
 a

 l
ar

ge
 b

od
y 

of
 li

te
ra

tu
re

 o
n 

di
se

as
es

 o
f 

m
ol

lu
sc

s,
 t

he
re

 is
 l

itt
le

 i
nf

or
m

at
io

n 
on

 t
he

 
di

se
as

es
, 

pa
th

og
en

s 
an

d 
pa

ra
si

te
s 

of
 g

ia
nt

 c
la

m
s.

 T
hi

s 
is

 p
ro

ba
bl

y 
re

la
te

d 
to

 t
he

 r
el

at
iv

el
y 

re
ce

nt
 

cu
lt

iv
at

io
n 

of
 t

he
 g

ia
nt

 c
la

m
s 

co
m

pa
re

d 
to

 o
th

er
 m

ol
lu

sc
s.

 E
xc

ep
t 

fo
r 

ba
ct

er
ia

 a
n

d
 p

ro
to

zo
a,

 n
o 

vi
ru

s,
 

ch
la

m
yd

ia
, 

m
yc

op
la

sm
a,

 f
un

gu
s 

or
 n

eo
pl

as
m

 h
as

 b
ee

n 
re

po
rt

ed
 in

 g
ia

nt
 c

la
m

s.
 T

he
 l

ar
ge

 m
aj

or
it

y 
of

 
th

e 
de

at
hs

 in
 c

ul
tu

re
d 

ju
ve

ni
le

 a
nd

 a
du

lt
 g

ia
nt

 c
la

m
s 

ha
ve

 b
ee

n 
as

so
ci

at
ed

 w
ith

 a
dv

er
se

 
en

vi
ro

nm
en

ta
l 

fa
ct

or
s 

ra
th

er
 t

ha
n 

sp
ec

if
ic

 i
nf

ec
ti

ou
s 

pa
th

og
en

s.
 

6.
1 

Su
m

m
ar

y 
o

f 
di

se
as

es
 r

ep
or

te
d 

in
 g

ia
n

t 
cl

am
s 

B
ac

te
ri

al
 d

is
ea

se
 m

ay
 b

e 
a 

pr
ob

le
m

 in
 l

ar
va

l 
an

d
 ju

ve
ni

le
 s

ta
ge

s.
 C

au
se

s 
in

cl
ud

e 
he

av
il

y 
co

nt
am

in
at

ed
 c

ul
tu

re
 f

ac
ili

tie
s,

 a
lg

ae
 c

on
ta

m
in

at
ed

 w
ith

 b
ac

te
ri

a,
 p

oo
r 

ta
n

k
 h

yg
ie

ne
, 

hi
gh

 n
ut

ri
en

t 
le

ve
ls

 in
 t

he
 w

at
er

 a
n

d
 d

ea
d 

cl
am

s 
in

 t
he

 t
an

k.
 B

ac
te

ri
al

 d
is

ea
se

 o
f j

uv
en

il
e 

an
d

 a
du

lt
 c

la
m

s 
is

 u
su

al
ly

 
se

co
nd

ar
y 

to
 e

nv
ir

on
m

en
ta

l 
or

 m
an

ag
er

ia
l 

st
re

ss
. 

R
ic

ke
tt

si
a

, 
an

 i
nt

ra
ce

ll
ul

ar
 b

ac
te

ri
um

, 
m

ay
 i

nf
ec

t 
cl

am
s 

of
 a

ll 
ag

es
 b

ut
 in

fe
ct

io
ns

 m
ay

 b
e 

m
os

t 
he

av
y 

in
 j

uv
en

il
e 

cl
am

s.
 

T
he

 p
ro

to
zo

an
 p

ar
as

it
e 

P
e

rk
 in

s 
u

s 
sp

., 
h

as
 b

ee
n 

se
en

 in
 b

ot
h 

ju
ve

ni
le

 a
n

d
 a

du
lt

 c
la

m
s.

 A
 M

a
rt

e
ili

a


lik
e 

pr
ot

oz
oa

n 
pa

ra
si

te
 h

as
 a

ls
o 

be
en

 s
ee

n
 in

 a
n

 a
du

lt
 c

la
m

. 
A

 la
rv

al
 f

lu
ke

 o
f 

th
e 

m
et

az
oa

n 
pa

ra
si

te
 

(B
uc

ep
ha

li
da

e)
 h

as
 b
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 b
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 c
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 b
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H
eat stress m

ay
 be a problem

 for clam
s kept in sm

all, land-based aquaria or tanks. P
rolonged 

exposure w
ill cau

se death. S
evere h

eat and cold stress along w
ith insufficient sunlight have been 

proposed as the cau
ses of bleached m

antle in clam
s, w

herein part or all of the siphonal m
antle w

ill 
turn w

hite. P
ale siphonal m

antles m
ay

 b
e associated w

ith a defiC
iency of nitrogen

. 

F
or clam

s reared in p
u

m
p

ed
 w

ater, g
as bubble disease m

ay som
etim

es cau
se losses. A

ir bubbles w
ill 

ap
p

ear in the siphonal m
antle an

d
 sm

all clam
s m

ay float to the surface. A
llow

ing for tem
perature an

d
 

atm
ospheric g

as pressure equilibration of p
u

m
p

ed
 w

ater prior to use w
ill solve this problem

. 

E
xcess salinity, i.e. greater than 4

5
 parts per thousand, w

ill cau
se the clam

 to close its shell valves 
during the day. P

rolonged low
 salinity m

ay
 be associated w

ith sw
elling of the ed

g
es of the siphonal 

m
antle an

d
 death. 

D
etails of the life cycles of m

an
y

 of the above infectious agents and parasites are at present unknow
n. 

B
ecause of the presence of the above or other as yet undiscovered infectious agents, the m

o
v

em
en

t 
(translocation) of clam

s betw
een farm

s, regions or countries involves a risk of also m
oving infectious 

agents an
d

 parasites. H
atchery-reared juvenile clam

s for translocation betw
een centres therefore need 

to be disease-free and parasite-free. A
 quarantine protocol to ensure th

at the latter is carried o
u

t is 
given in S

ection 6
.3. 

6
.2

 
P

reparation o
f specim

ens for histology 
6.2.1 

Dissection 

T
he adducto

r m
uscle (see F

igure 1.1), w
hich holds the clam

's shell valves closed, m
u

st be cut. T
his m

ay
 

be done by either (1) anaesthetising the clam
, or (2) placing a strong w

edge, e.g., of w
ood, betw

een the 
dorsal valves w

hile they are open. A
 long, thin knife or scalpel is slid along the inside surface of the shell 

valves to cut the adductor an
d

 byssal/pedal retractor m
uscles w

here they attach to the shell. O
nce this is 

done, the tension on the shell valves w
ill be relaxed

. T
he attachm

ent of the siphonal retractor m
uscles to 
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 m
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at

 t
he

re
 is

 1
0 

ti
m

es
 t

he
 v

ol
um

e 
of

 fi
xa

tiv
e 

fo
r 

ea
ch

 v
ol

um
e 

of
 ti

ss
ue

. 
T

is
su

es
 f

ro
m

 c
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e 
fi

xe
d 

in
 3

-5
%

 
se

aw
at

er
/f
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 d
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b
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 f
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 d

ay
s,

 t
he

y 
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 b
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k
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ut

, w
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pp
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ap
er

 o
r 

cl
ot

h 
d

am
p

en
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 f
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at
iv
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nd
 p
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 d
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g 
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ea
le

d 
w

ith
 p
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 m
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b
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 s
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 s
en
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 c
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ri
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pr
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ho
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xe
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an
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in
g 

fo
rm

al
in
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vo
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in
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e 
fu

m
es

 o
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 c
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 c
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1
0

1
 6.1 

Q
lltlran/illl protocol for CO

W
IIry or IIfIIIIICY importing giant clams. 

1. 
Import dam

s as young as ~
e
 (larvae or young juven~esl to redlKe the risk of a carrier status. 

2. 
Use a separate bakh of fa~ities (pumps, tanics, etc.1 for eadt batch of dam

s inportecl.ldentily all these fO(~ities as 
such in an area where O(CISS is res1rided to trained, authorised staR only. 

3. 
Each set of Iaci~Hes m

ust be thoroughly cleaned, disinfected, rinsed and dried prior to use. This is done by subjecting 
them to a thorough mechanical deaning wi1h 1" sod'lUm hydroxide solution (lO

g NaOH in 1 litre water I using a brush 
preferably wi1h a pressure spraying machine at a m

ininum
 tem

perature of 60 qc. This is followed by soaking for 1 hr 
in a disinfectant, a chlorine solution (60 m

g/t free chlorinel or sod'lUm hypochlorite solution (sullicient am
ount is 

added to water sa that a residual chlorine concentration of at least 10 m
g/t rem

ains aher 30 minI. Aher soaking, the 
fadities are rinsed wi1h 1 l.llllihered seawater or freshwatw and allowed to dry. 

4. 
AI other animals including top sheik, fish, etc. must be exduded from the quarantine area. 

5. 
The dam

s must be m
aintained in 1 l.1li fthered seawater and fed with Iaboratory-cuhured algae or artificial diets. If this 

is not passible, 10-20 l.llllihered seawater m
ay be used to alow

 the entry of phytoplankton. However, this aka aUows 
the entry of infective agents (e.g., zoospores 01 Perkinsussp. which ore 4-5l.1li in sizel and may confuse the issue as 
to the origin of any pothogen which might appear in the quaranHned dam

s. 

6. 
Fihers should be cleaned at least every second day following the protocol in No. 3. Deteriorating filters must be 
discorded. 

7. 
The outflow water from the quarantine ponds should be disposed of into 0 land-based sump (e.g., sand trench I to 
prevent the spread into the local environm

ent of any pathogen or noxious agent that m
ay be present in the imported 

clams. 

8. 
A

 doi~ log (rIKordl should be kept of each botch and should include the foNowing details: cleaning, nutrient 
applications, any abnormalities, m

artalities, water qua~ty, /ilter changes, water exchange rates, water tem
perature 

and weather conditions (e.g., sunshine/cloud/rainl. 

9. 
Each botch of clams should be monitored for a minimum of 3 months. 

5
4

 

10. Rondom samples should be collected for laboratory exam
ination at 6 weeks and 12 weeks aher the time of arrival of 

the clams into the importing country or agency. The minimum sam~e size to detect a 2% prevalence of ea<h infection 
(with 95% confidence I, assuming that the test is 100" reliable, is as folows: 

Batch size 

1000 
10000 

100 000 or more 

Sample size 

140 
145 
150 

Each sampling should include gross exam
ination, Pericinsus sp. cuhure and histopathology (preserved in buffered 

3-5" seawater form
alinl. 

11. 
An stress should be minimised to redlKe sickness or death which may mask the presence of 0 pothogen or porasite. 

12. 
A

 seporate set of equipm
ent must be used for each tank/pond (e.g., brushes, nets, etc.l. Staff should disinfect their 

legs and feet with 60 mg/L free chlorine solution before entry into rearing ponds/tanks. 

Clam
s are deem

ed unsuitable for release into the local m
arine environm

ent ond should be destroyed If 
the follow

ing are found: 

• 
Any lesions, e.g. inclusion bodies, or focal necrosis which may indicate the presence of a virus 

• 
Any bacteria, protozoan, m

etazoan parasite or fungus associated with on inHammatory or degenerative lesion or 
known to be a pathogen for other m

arine anim
ab 

• 
Any RicJcellsio or (hhrrryJio 

• 
Any unexplained lesion 

• 
Any unexplained m

ortality. 
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 p
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 b
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tle
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e 
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r 
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m

m
er
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al

 d
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a 
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cc

um
ul

at
e.

 M
ar
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n

d
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ro
du
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es
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til

l 
in
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he

 d
ev
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m
en

t 
st
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e 
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d 
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rm
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en
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ng
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tr
y 
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 c
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o
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ni

ng
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en
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ti
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n
d
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en

ce
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S
u

cc
es

s 
in

 t
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 g
ia

nt
 c

la
m

 i
nd

us
tr

y 
d

ep
en

d
s 

he
av

il
y 

on
 e

nt
re

pr
en

eu
rs

hi
p,

 e
sp

ec
ia

ll
y 

in
 t

he
 e

st
ab

li
sh

m
en

t 
of

 m
ar

ke
ts

, 
an

d
 s

o
 c

ap
it

al
 i

nv
es

te
d 

in
 t

he
 

in
du

st
ry

 a
t 

pr
es

en
t 

sh
ou

ld
 b

e 
re

ga
rd

ed
 a

s 
ve

nt
ur

e 
ca

pi
ta

l.
 N

ev
er

th
el

es
s,

 e
ff

ec
ti

ve
 p

ro
du

ct
io

n 
te

ch
ni

qu
es

 h
av

e 
b

ee
n

 e
st

ab
li

sh
ed

 a
n

d
 p

ro
fi

ta
bl

e 
po

ss
ib

il
it

ie
s 

ex
is

t.
 

7.
1 

M
ar

ke
ts

 

T
he

 m
ai

n 
en

d-
m

ar
ke

ts
 w

hi
ch

 h
av

e 
b

ee
n

 i
de

nt
if

ie
d 

fo
r 

gi
an

t 
cl

am
s 

ar
e:

 f
oo

d 
(m

ea
t)

, s
he

ll
 a

n
d

 
aq

ua
ri

um
. 

7.
1.

1 
M

ea
l 

T
he

 m
ai

n 
po

te
nt

ia
l 

m
ar

ke
t 

fo
r 

gi
an

t 
cl

am
s 

is
 f

or
 t

he
ir

 m
ea

t 
(w

ho
le

 m
ea

t,
 a

dd
uc

to
r 

m
us

cl
e 

an
d

 
m

an
tl

e)
 b

ut
 m

u
ch

 m
u

st
 b

e 
do

ne
 t

o 
de

ve
lo

p 
th

is
 m

ar
k

et
 in

 m
or

e 
de

ve
lo

pe
d 

co
un

tr
ie

s 
an

d
 t

o 
re

-e
st

ab
li

sh
 i

t 
w

he
re

 it
 h

as
 '

w
it

he
re

d'
 d

ue
 t

o 
in

su
ff

ic
ie

nt
 s

up
pl

y 
of
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ia

nt
 c
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m

s 
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 s
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ck

s.
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n 
de
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pe
d 
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tr
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s,
 t
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 m
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n 
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rr

en
t 

m
ar

ke
t 
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r 
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an

t 
cl

am
 m

ea
t 

pr
ef

er
s 

T.
 c

ro
ce

a,
 a

n
d

 t
o 

so
m

e 
ex

te
nt

, 
T. 

m
a

xi
m

a
 in

 t
he

 s
ou

th
er

n 
is
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nd

s 
of

 J
ap

an
. C

ur
re

nt
ly

, i
t 

se
em

s 
th

at
 O

ki
na

w
an

s 
co

ns
id

er
 t

he
 

m
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pe
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f 
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s 
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 b
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a 

p
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o
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y 
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 f
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 m
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 t

he
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s.
 N

o 
m

ar
ke

t 
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t 

cl
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 m
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h
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 b
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ed
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n 
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e 

m
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C
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 m
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m
arkets for giant clam

 m
eat exist in N

ew
 Z

ealand an
d

 A
ustralia am

o
n

g
 Pacific Islander im

m
igrants. 

S
co

p
e exists in A

ustralia for catering to th
e tourists. T

he n
u

m
b

er of Jap
an

ese tourists to A
ustralia is 

expanding rapidly. A
lthough Jap

an
ese m

ainlanders do not usually know
 of giant clam

 dishes, they d
o

 
try such dishes w

hen they visit the R
yukyu Islands. A

 substantial ethnic m
arket for giant clam

 m
eat 

w
ould also exist in the U

SA
, especially C

alifornia an
d

 to so
m

e extent H
aw

aii b
ecau

se a large n
u

m
b

er 
of Jap

an
ese an

d
 P

acific Islanders have m
igrated there. In H

aw
aii, the tourist trade represents a 

w
orthw

hile potential m
ark

et as it d
o

es in Q
uam

. 

7.1.2 
Shells 

T
he m

arket for giant clam
 shell is w

ell established despite restrictions on international trade in giant 
clam

s or their products by C
IT

E
S

 (the C
onvention o

n
 International T

rade in E
ndangered S

pecies). 
H

ow
ever, the shells of so

m
e species (T. g

ig
a

s an
d

 H
ip

p
o

p
u

s p
o

rce
lla

n
u

s), are now
 in very short 

supply. O
verall, the shells of H

. h
ip

p
o

p
u

s seem
 to be m

o
st in d

em
an

d
 w

ith T. sq
u

a
m

o
sa

 also o
f 

considerable im
portance in th

e shell trade (Juinio et al. 1987). It should be noted th
at so

m
e species 

w
hich are in considerable d

em
an

d
 for their m

eat, e.g
., T. cro

ce
a

 h
as little value for its shell. A

 
com

m
ercial enterprise n

eed
s to consider su

ch
 factors in deciding w

hich species to farm
. 

7.1.3 
A

quarium
 

A
n active m

arket exists for giant clam
s in developed countries as saltw

ater aquarium
 specim

ens. 
M

aricultured clam
s are being supplied to th

e m
ark

et by M
M

D
C

 (P
alau) and R

eefarm
 at C

airns 
(A

ustralia). W
hile the size of this m

arket is lim
ited, it represents a w

orthw
hile sideline outlet for a giant 

clam
 farm

. It is furtherm
ore a w

orking m
ark

et w
hich can

 b
e expected to im

prove in operations as 
supplies from

 m
ariculture b

eco
m

e m
ore regularly available and can

 be better ad
ap

ted
 to cu

sto
m

er 
needs. T

he m
ain species in d

em
an

d
 for this trade are T. cro

ce
a

 an
d

 T. m
a

xim
a

 b
ecau

se of their 
colourful m

antles and their sm
all size. 

7.1.4 
B

iological specim
ens 

A
 sm

all m
ark

et m
ay also exist for giant clam

s as biological sp
ecim

en
s for scientific dem

onstration 
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of

 s
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cl
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ie
s 
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n
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us

ed
 f
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 s
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sh
aw
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w
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n
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by
 t

he
 a
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ie

nt
 B

ab
yl

on
ia

ns
. S

p
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en

s 
of

 s
u

ch
 b

ea
ut

if
ul

 
sc

ri
m

sh
aw
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 b
e 

se
en
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 t

he
 B

ri
tis

h 
M

us
eu

m
. 

E
ac

h 
of

 th
e 

en
d-

m
ar

ke
ts

 m
ay

 b
e 

su
bd

iv
id

ed
 i

nt
o 

su
b-

m
ar

ke
ts

. F
o

r 
ex

am
pl

e,
 s

ep
ar

at
e 

m
ar

k
et

s 
ex

is
t 

fo
r 

m
ea

t 
fo

r 
su

sh
i,

 f
or

 t
he

 m
us

cl
e,

 f
or

 t
he

 m
an

tl
e 

an
d

 t
h

e 
w

ho
le

 m
ea

t 
of

 t
he

 c
la

m
 m

in
us

 t
he

 k
id

ne
ys

. 
S

pe
ci

es
 d

if
fe

r 
in

 t
he

ir
 a

bi
lit

y 
to

 s
at

is
fy

 t
he

se
 d

if
fe

re
nt

 m
ar

k
et
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an

d
 t

hi
s 

sh
ou

ld
 b
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ta
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en

 i
nt

o 
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co
u

n
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in
 

de
ci

di
ng

 w
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ch
 s

p
ec

ie
s 

to
 b

re
ed
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nd

 r
ea
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an

d
 w

he
th

er
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ta
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is
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ha
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he

ry
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n
d
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ur
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 f

ro
m

 
a 

co
m

m
er

ci
al

 o
ce

an
 n

ur
se

ry
 a

nd
 g

ro
w

-o
ut

. 

7
.2

 
W

he
th

er
 to

 e
st

ab
lis

h 
a 

ha
tc

he
ry

 a
nd

 n
ur

se
ry

 
If 

th
e 

bu
si

ne
ss

 is
 n

o
t 

al
re

ad
y 

op
er

at
in

g 
a 

ha
tc

he
ry

-n
ur

se
ry

, 
it 

w
ill

 n
ee

d 
to

 m
ak

e 
a 

de
ci

si
on

 a
b

o
u

t 
w

he
th

er
 t

o 
p

u
rc

h
as

e 
ju

ve
ni

le
s 

or
 t

o 
pr

od
uc

e 
th

em
 i

ts
el

f.
 I

t 
w

ill
 h

av
e 

to
 c

o
m

p
ar

e 
th

e 
la

nd
ed

 c
o

st
 o

f 
ju

ve
ni

le
s 

w
ith

 t
he

 c
o

st
 o

f 
pr

od
uc

in
g 

th
em

. 
If 

on
ly

 r
el

at
iv

el
y 

sm
al

l 
qu

an
ti

ti
es

 a
re

 r
eq

ui
re

d 
fo

r 
gr

ow
in

g 
on

, 
it 

is
 m

o
st

 e
co

no
m

ic
 t

o 
pu

rc
ha

se
 t

he
se

 r
at

he
r 

th
an

 p
ro

d
u

ce
 t

he
se

 o
n

 t
he

 f
ar

m
. 

E
co

no
m

ie
s 

of
 s

co
p

e,
 a

p
ar

t 
fr

om
 e

co
no

m
ie

s 
o

f 
sc

al
e 

in
 h

at
ch

er
y

-n
u

rs
er

y
 p

ro
du

ct
io

n,
 a

p
p

ea
r 

to
 e

xi
st

 
in

 g
ia

nt
 c

la
m

 f
ar

m
in

g.
 T

hi
s 

m
ea

n
s 

th
at

 t
he

re
 m

ay
 b

e 
ec

o
n

o
m

ie
s 

in
vo

lv
ed

 i
n 

m
ul

ti
pl

e 
or

 a
 w

id
er

 r
an

ge
 

of
 a

ct
iv

it
ie

s,
 e

.g
., 

ha
tc

he
ry

-n
ur

se
ry

 o
pe

ra
ti

on
s 

as
 w

el
l 

as
 o

ce
an

 n
ur

se
ry

. F
or

 e
xa

m
pl

e,
 if

 a
 t

ru
ck

 o
r 

b
o

at
s 

ha
ve

 b
ee

n
 p

ur
ch

as
ed

 f
or

 h
at

ch
er

y-
nu

rs
er

y,
 t

he
y 

m
ay

 b
e 

us
ed

 f
or

 a
ss

oc
ia

te
d 

o
ce

an
 n

ur
se

ry
 

op
er

at
io

ns
 if

 t
h

es
e 

o
cc

u
r 

ne
ar

 t
he

 h
at

ch
er

y-
nu

rs
er

y.
 A

s 
a 

re
su

lt
, 

so
m

e 
ec

o
n

o
m

ie
s 

in
 c

ap
it

al
 c

os
ts

 c
an

 
b

e 
ac

hi
ev

ed
. F

ur
th

er
m

or
e,

 l
ab

ou
r 

em
pl

oy
ed

 in
 h

at
ch

er
y

-n
u

rs
er

y
 o

pe
ra

ti
on

s 
ca

n
 b

e 
jo

in
tl

y 
us

ed
 in

 
o

ce
an

 n
ur

se
ry

 a
n

d
 g

ro
w

ou
t 

op
er

at
io

ns
, 

in
cl

ud
in

g 
su

rv
ei

ll
an

ce
 w

he
n 

on
sh

or
e 

an
d

 o
ce

an
 n

ur
se

ry
 

op
er

at
io

ns
 a

re
 l

oc
at

ed
 n

ea
r 

on
e 

an
ot

he
r.
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P

roduction decisions 

N
ursery culture m

ay
 b

e achieved in th
e o

cean
 or k

ep
t o

n
 land in suitable tanks, containers or ponds. 

P
ossibilities for nursery culture o

n
 land m

ay
 b

e lim
ited by available sp

ace, pum
ping costs of seaw

ater 
an

d
 capital co

sts involved in pond o
r container construction. T

he ad
v

an
tag

e of land-based nursery 
culture can

 b
e easier protection of clam

s from
 predators an

d
 diseases. If o

cean
 nursery culture is only 

for a short period, say
 until the clam

s are 2
-3

 years old, to satisfy aquarium
, sashim

i o
r sushi 

m
arkets, it m

ay
 b

e econom
ic. If U

S
$ 2

-3
 is obtained for 2

-3
 year-old clam

s this m
ethod could be 

profitable given a sufficiently large volum
e of operations (5

0
0

0
0

0
 clam

s per year). 

T
he alternative is to transfer clam

s to the o
cean

 at ab
o

u
t 10 m

o
n

th
s old, first of all keeping them

 
protected an

d
 subsequently w

hen they reach escap
e size grow

ing th
em

 out unprotected in the ocean. 
D

epending upon the species being cultivated, grow
out m

ay
 be subtidal o

r intertidal. E
ach h

as its ow
n 

advantages an
d

 disadvantages and is species specific. C
hoice of sp

ecies to farm
 w

ill be affected by 
the sites available an

d
 by m

arket considerations. 

T
ridacna derasa an

d
 T. gigas m

ay b
e optim

ally held in th
e o

cean
 until they are around five years old

. 
T

his strategy m
ight be expected to m

axim
ise the volum

e of m
eat production per unit. B

ut in the initial 
p

h
ase of operations this m

ay
 result in a cash

 flow
 problem

. T
he tim

e factor com
plicates the m

odelling 
of the econom

ics of m
ulti period production. T

he longer m
o

n
ey

 is tied u
p

 in production the greater th
e 

costs involved in term
s of interest forgone. E

conom
ists allow

 for this by discounting, for exam
ple, by 

using net present value analysis, o
r by estim

ating internal rates of return o
n

 funds em
ployed. T

his 
analysis has b

een
 applied to a w

orked exam
ple involving the o

cean
 grow

out of T. gigas. 

U
sing the techniques developed in A

ustralia (Jam
es C

ook U
niversity-O

rpheus Island R
esearch 

S
tation), the follow

ing is an
 assessm

en
t of the o

cean
 culture enterprise independent of 

hatchery-nursery operations. A
llow

ances w
ere m

ad
e for equipm

ent su
ch

 as utility truck, w
orkers' 

acco
m

m
o

d
atio

n
 an

d
 co

st of exclosures an
d

 lines. T
h

e m
ain operating costs w

ere the co
st of seed

 
(assum

ed to be $0.75 each) an
d

 labour. 
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 c
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nn

ua
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 1

0 
ye

ar
s 

of
 g

ro
w
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t 

w
er

e 
fo

un
d 

to
 

m
ax
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is

e 
th

e 
fi

rm
's

 n
et

 p
re

se
nt

 v
al

ue
, 

us
in

g 
a 

10
%

 r
at

e 
of

 in
te

re
st

 a
s 

a 
di

sc
ou

nt
 f

ac
to

r 
an

d 
co

ns
id

er
in

g 
pr

ic
es

 o
f 

cl
am

 m
ea

t 
of

 $
3

-7
/k

g
 . 

N
et

 p
re

se
nt

 v
al

ue
 is

 s
ub

st
an

ti
al

 a
ft

er
 1

0 
ye

ar
s 

of
 o

ce
an

 
cu

lt
ur

e 
ev

en
 a

t 
o

n
-f

ar
m

 p
ri

ce
 o

f 
as

 lo
w

 a
s 

$
3

/k
g

 c
la

m
 m

ea
t.

 F
ur

th
er

m
or

e,
 a

t 
a 

lo
w

er
 p

ri
ce

 p
er

 k
g 

fo
r 

cl
am

 m
ea

t,
 a

 p
os

it
iv

e 
pr

of
it 

ca
n 

be
 e

xp
ec

te
d.

 

In
te

rn
al

 r
at

e 
of

 r
et

ur
n 

an
al

ys
is

 u
si

ng
 t

he
 s

am
e 

da
ta

 a
n

d
 a

ss
um

in
g 

an
 o

n
-f

ar
m

 p
ri

ce
 o

f 
$

5
/k

g
 s

ho
w

s 
th

e 
in

te
rn

al
 r

et
ur

n 
on

 o
ce

an
 c

ul
tu

re
 o

f 
gi

an
t 

cl
am

s 
fo

r 
m

ea
t 

to
 b

e 
ap

pr
ox

im
at

el
y 

19
.5

%
. T

he
se

 
es

ti
m

at
es

 a
llo

w
 f

or
 m

or
ta

li
ty

 r
at

es
 f

or
 g

ia
nt

 c
la

m
s 

co
ns

id
er

ed
 t

o 
be

 r
ea

li
st

ic
 b

y 
JC

U
-O

IR
S

. 

In
 p

ra
ct

ic
e,

 a
dd

uc
to

r 
m

us
cl

e 
an

d 
m

an
tl

e 
of

 g
ia

nt
 c

la
m

s 
m

ay
 b

e 
so

ld
 s

ep
ar

at
el

y.
 I

n 
th

is
 c

as
e 

th
e 

pr
ic

es
 

co
ns

id
er

ed
 a

bo
ve

 s
ho

ul
d 

be
 r

eg
ar

de
d 

as
 a

ve
ra

ge
 p

ri
ce

s,
 t

ak
in

g 
in

to
 a

cc
ou

nt
 t

h
e 

fa
ct

 t
h

at
 a

dd
uc

to
r 

m
us

cl
e 

re
pr

es
en

ts
 a

bo
ut

 1
5%

 o
f 

th
e 

w
ho

le
 m

ea
t 

w
ei

gh
t. 

F
or

 e
xa

m
pl

e,
 if

 a
dd

uc
to

r 
m

us
cl

e 
is

 p
ai

d 
fo

r 
at

 
$

3
0

/k
g

 o
n 

th
e 

fa
rm

, 
th

is
 w

ou
ld

 a
cc

ou
nt

 fo
r 

a 
va

lu
e 

on
 a

ve
ra

ge
 o

f 
$4

.5
0/

kg
 w

ho
le

 c
la

m
 m

ea
t.

 I
f t

he
 

pr
ic

e 
re

ce
iv

ed
 o

n
 t

he
 f

ar
m

 f
or

 a
dd

uc
to

r 
m

us
cl

e 
is

 a
s 

lo
w

 a
s 

$
2

0
/k

g
 it

 w
ill

 a
cc

o
u

n
t 

fo
r 

$
3

/k
g

 o
f 

w
ho

le
 

cl
am

 m
ea

t.
 

U
si

ng
 t

he
se

 a
ve

ra
ge

 p
ri

ce
s,

 s
pe

ci
fi

c 
al

lo
w

an
ce

 c
an

 a
ls

o 
be

 m
ad

e 
fo

r 
lo

ss
 o

f 
w

ei
gh

t 
in

 p
ro

ce
ss

in
g 

an
d

 
tr

an
si

t.
 I

t h
as

 b
ee

n 
sh

ow
n 

th
at

 u
p 

to
 4

0%
 o

f 
th

e 
w

ei
gh

t 
of

 c
la

m
 m

ay
 b

e 
lo

st
 d

ue
 t

o 
'd

ri
p 

lo
ss

' 
(P

ar
ry

 e
t 

al
. 

19
91

).
 T

hi
s 

re
pr

es
en

ts
 a

 s
ub

st
an

ti
al

 l
os

s.
 B

ut
 it

 i
s 

co
nc

ei
va

bl
e 

th
at

 m
et

ho
ds

 t
o 

re
du

ce
 d

ri
p 

lo
ss

 
co

ul
d 

be
 d

ev
el

op
ed

. 
N

ev
er

th
el

es
s,

 a
ft

er
 s

uc
h 

w
ei

gh
t 

lo
ss

, 
if 

gi
an

t 
cl

am
 m

ea
t 

se
ll

s 
on

 t
he

 a
ve

ra
ge

 a
t 

$
1

2
/k

g
 r

et
ai

l, 
cl

am
 f

ar
m

in
g 

m
ay

 s
til

l 
be

 e
co

no
m

ic
. 

A
ss

um
in

g 
a 

10
0%

 m
ar

k 
up

 b
et

w
ee

n 
cl

am
s 

on
 t

h
e 

fa
rm

 a
nd

 r
et

ai
lin

g,
 s

uc
h 

a 
lo

ss
 w

ou
ld

 s
til

l 
re

su
lt

 in
 $

3
.6

0
/k

g
 f

or
 t

he
 g

ro
w

er
 o

f 
cl

am
 m

ea
t.

 

T
he

 a
bo

ve
 e

xa
m

pl
e 

do
es

 n
ot

 a
llo

w
 fo

r 
po

ss
ib

le
 a

dd
it

io
na

l 
re

ve
nu

e 
th

at
 m

ay
 b

e 
ea

rn
ed

 b
y 

a 
fa

rm
 f

ro
m

 
sa

le
s 

of
 sh

el
l. 

A
ls

o 
it 

ha
s 

be
en

 a
ss

u
m

ed
 th

at
 n

o 
tr

an
sp

or
ta

ti
on

 c
os

ts
 a

n
d

/o
r 

pr
ep

ar
at

io
n 

co
st

s 
fa

ll 
on

 th
e 

fa
rm

er
, 

or
 th

at
 th

es
e 

ar
e 

no
t s

ub
st

an
ti

al
 fo

r 
th

e 
fa

rm
er

. 
In

 a
ny

 c
as

e,
 it

 m
ay

 b
e 

m
o

st
 e

co
no

m
ic

 to
 p

re
pa

re
 

cl
am

 m
ea

t i
n 

ce
nt

ra
l f

oo
d 

pr
oc

es
si

ng
 f

ac
to

ri
es

, 
e.

g.
, f

re
ez

in
g 

pl
an

ts
, w

ith
 m

in
im

al
 p

re
pa

ra
ti

on
 b

ei
ng

 
do

ne
 b

y 
fa

rm
er

s.
 T

hi
s,

 f
or

 e
xa

m
pl

e,
 u

se
d 

to
 b

e 
th

e 
pa

tt
er

n 
in

 F
iji

 u
si

ng
 n

at
iv

e 
cl

am
 s

to
ck

s.
 H

ig
h 

va
lu

ed
 

cl
am

 m
us

cl
e 

w
as

 f
ro

ze
n 

an
d 

ex
po

rt
ed

 a
n

d
 th

e 
m

an
tl

e 
w

as
 s

ol
d 

lo
ca

ll
y 

in
 b

li
st

er
 p

ac
k

s 
th

ro
ug

h 
re

ta
il 

ou
tl

et
s.

 T
he

 F
iji

an
 p

ro
ce

ss
or

 w
as

 a
ls

o 
in

vo
lv

ed
 in

 p
re

pa
ri

ng
 a

n
d

 m
ar

ke
ti

ng
 o

th
er

 fr
oz

en
 f

oo
d 

it
em

s.
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