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ABSTRACT
Meretrix meretrix (L., 1758) was successfully
bred in hatchery. Spawning was induced by
injection ofserotonin into the gonad ofeach
clam. Spawning began within 1-30 minutes
after induction. Seven breeding batches with
19-49 clams per trial, yielded a total of 31-
95 7o of the injected clams spawning, with
35-847o males and 16-64 7o females. The
number of eggs spawned by each female (5.1-

7.7 mm shell length) ranged from a few ten
thousands to over 2.8 millions, with an av-
erage number of 5.13 x 105 eggs/female. Fer-
tilisation rates, estimated from the number
of D-shaped veligers attained, were 6-7 4 7o.

D-shaped veliger larval stage developed
within 16 hrs after fertilisation. The larvae
spent 5-7 days as free swimming veligers,
then developed into benthic living stages,
with 30-80 % survival. Juveniles exhibited
clear shell colour patterns, as seen in adults,
from the size of about 2-3 mm shell length,
at an age of about 1.5 months. Details of lar-
val and juvenile growth and development,
rearing methoilology, and production yield
are presented.

INTRODUCTION
Oriental hard clam Meretrix meretrix (L.,
1758) (Family Veneridae) (Fig.1) is a food
source for people in Thailand and the empty
shells are valuable raw material in the shell
craft industry. There are considerable export
possibilities from Thailand, the Philippines,

and Indonesia (Carpenter & Neim 1998).
Meretrix has thick glossy shelis with vari-

able colours and patterns on outer surface,
from basically white, brownish banded, to
dark brown. The species inhabits sand and
muddy-sand bottoms in the intertidal and
sublittoral waters to a depth of about 20 m
in the Indo-West Pacific seas.

In Thailand, Meretrix clams are usually
harvested by hand during low tide. The har-
vest may exceed a ton per day in some ar-
eas, such as Trat Province in the eastern
Gulf ofThailand (Tuaycharoen & Benjamal
1986). However, overexploitation has caured
rapid decline of hard clam populations in
every area ofits naturai distribution.

Experimental hatchery breeding of hard
clamM. meretrix in Thailand was frrst tried
out in 1985 (Sahav ac};.arrn et al. 1987). Adult
clams were induced to spawn by injection

Figure 1 . Adult oriental hard clam,
Meretrix meretrix (L., 1758).
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with ammonium hydroxide. The larvae were
successfully raised to juveniles at laboratory
scale. But there was no continuation after
that success.

The declining natural populations of Mer-
etrix have recently caused concern at the
mollusc hatchery in Prachuap Khiri Khan,
Thailand. This study was therefore initiated
to develop the techniques for hatchery seed
production with a view to enhance stocks
through release to nature, as well as pro-
viding a basis for mariculture of the species
in the future.

MATERIALS & METHODS
Broodstock
Adult clams, 4.3-7.7 cm shell length, were
collected from Ao Manao and Huay Yang
Beach of Prachuap Khiri Khan Province in
the GuIf of Thailand during the period of
natural spawning in May-August 1999. They
were maintained in the hatchery in 500Ii-
tre fibreglass trays provided with sand sub-
stratum, running sand-filtered seawater,
and phytoplankton for feeding.

Hatchery Facilities
Natural sea water of 32-34 ppt salinity
pumped from coastal sea was passed
through a sedimentation tank, sand filtra-
tion, fine frltration and UV sterilisation ac-
cording to requirement for each step of the
hatchery procedure.

Cylindrical and rectangular fibreglass
tanks of various capacities were used in this
study. Swimminglarvae were reared in 500-
1000litre cylindrical tanks. Smaller 300-500
litre tanks were used for pediveligers and
newly settled juveniles. Rectangular 200-
500litre tanks and shallow trays were used
for juvenile nursery. Unicellular phyto-
plankton, Isochrysis galbana, Chaetoceros
calcitrans, and Tetraselmis sp. prepared in
laboratory culture under sterile conditions
were used as food for the larvae and early
juvenile clams. Mass culture of the same
algae species was used for feeding the older
iuveniles and broodstocks. Mass culture pro-

duction with low cell concentration was har-
vested by continuous centrifugation to re-
move culture media as well as to increase
cell density before feeding to the clams.

Spawning Induction
Random samples of specimens collected in
nature during the spawning season in May-
August 1999 were used for breeding with-
out inspection of gonadal maturity prior to
spawning induction. A total of 19-49 clams
of unknown sex were used in each trial.

Spawning was induced by injection with
serotonin (5-Hydroxy tryptamine creatinine
sulfate complex, SIGMA Chemicals) pre-
pared to a concentration of 2 mM solution
in L prn filtered seawater (Gibbons &
Castagna l9B4). The solution was injected
into the foot or gonad area of the clams with
a dosage of 0.4-0.5 ml per clam. After injec-
tion, the clams were put individually in glass
beakers containing 1 pm filtered seawater
until spawningbegan and sexcouldbe iden-
tifred by gamete released, then they were
moved into 10 litre plastic bins. Males and
females were put in different bins for egg
and sperm collection separately. Egg suspen-
sion was passed through 750 pm nylon
screen sieve to remove debris, and 25 prn
sieve was used for sperm suspension. About
5-20 mI of sperm suspension, depending on
density, was gently mixed with 10 litre of
egg and left undisturbed for 10 minutes for
fertilisation. Fertilised eggs were suspended
at the density of 2-5 eggs/ml in 500-1,000
Iitre cylindrical frbreglass tanks frlled with
1 pm fiItered and IfV sterilised sea water
provided with gentle aeration.

Larual Culture
Larval culture was performed in 500-1000
litre cylindrical frbreglass tanks, using in-
tensive bivalve larval rearing techniques
with initial density of 1-3 larvae/ml. Water
in the rearing tanks was totally changed
when the D-shaped larval stage was com-
pletely developed, using nylon screen sieves
to retain the larvae. The larvae were fed with
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cultured unicellular algae; Isochrysts
galbana and Chaetoceros calcitrans, aL a
concentration of 1-2 x 104 cells/ml at a time.
Feeding was performed twice a day. Chang-
ing of sea water thereafter was performed
every two days. Development, growth and
survival of the larvae were determined.

Settlement
When the larvae developed into pediveliger
stage (notified by development of foot and
behavioural change from swimming to
crawling on tank bottom), they were graded
byusingnylon screen sieves and transferred
into settling tanks. Settlement was per-
formed in 300 litre cylindrical fibreglass
tanks with no particular substrate provid-
ing. Phytoplankton, including Tetraselmis
sp., was provided for feeding at concentra-
tions of about 1.5-2.5 x 104 cells/ml

Post- settlement & J uuenile Culture
Newly settled juveniles were held either in
30 cm diameter PVC trays with nylon screen
bottom placed in 200 litre shallow rectan-
gular fibreglass tanks provided with air-
lifted water circulation (Fig. 2A, B), or in 2-
layered 300 litre cylindrical nursery tanks
with nylon-mesh bottom in the inner tank
(Fig. 2C). Phyboplankton was provided with
increasing concentration to reach juvenile
feeding requirement. Spraying or flowing
sea water was applied aft,er 2 weeks follow-
ing complete settlement. Water flow was
stopped for an hour during feeding with
phytoplankton 2-3 times daily.

Fully developed iuveniles (1-3 mm) were
reared in nylon mesh bottom cylinders ap-
plied in down-flow nursery system with air-
lifted water circulation, or in shallow tanks
provided with sand substratum and flow-

Figure 2. Nursery tanks and trays used for rearing ofjuvenile Meretrix meretrix. A& B PVC nursery
trays with nylon screen bottom, airlifted water flow; C fiberglass tanks, inner layer with nylon screen,
down-flow sea water; D shallow trays with sand substrate, flow-through sea water.
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through system (Fig. 2D) until reaching 5-
10 mm shell length, which was likely to be
an appropriate size for releasing in natural
habitat. Growth and survival ofthejuveniles
in various nursery systems were deter-
mined.

RESULTS
Spawning
Mature clams responded to serotonin by foot
extension almost immediately, then began
spawning within 1-30 minutes, mostly 3-5
minutes, after injection. No obvious differ-
ence was observed in rapidity of induction
response between males and females. Clams

held in conditioning tanks for weeks showed
good response to spawning induction simi-
lar to the newly collected ones.

Results from 7 breedings, with 19-49 clams
per trial, yielded a total of 31-95 Vo of llne
injected clams spawning(35-84Vo males, 15-
64VofemaIes). The number of eggs released
from 66 females (5.1-7.7 cm shell length)
ranged from 40,000 to 2,870,000 with an
average of 513,076 eggs per female. Details
of the percentage of spawning and the
number of eggs produced are shown in Ta-
bles 1 and2.

Table 1. Number and percentage of spawners of the oriental lnardclamMeretrix
meretrix, induced by serotonin injection.

Date Number
induced Number spawned

Males FemalesTotal

49

24
29

45

24

22

19

No.

25

6

4

23

9

6

11

Vo

67.6

40.0

44.4

53.5

50.0

35.3

84.6

VoNo.No.

24May 99

26May 99

21 June 99

23 June 99

16 July 99

10 August 99

ll August 99

5 t /D.l)

15 62.5

I 31.0

43 95.6
18 75.O

17 77.3

13 68.4

t2 32.4

9 60.0
5 55.6

20 46.5

9 50.0

11 64.7

2 L5.4

Table 2 Number of eggs obtained from induced spawning in each breeding batch;.
n.d. = not determined. * = 2 females spawned, but one with very few eggs was
discarded.

Number
-Batch

ot
l\o.

remales

240599t 12

260599 2 8

210699 3 5

230699 4 20

160799 5 9

100899 6 11

110899 7 1*

Total
Number of

eggs

3,784,000

1,520,000

2,068,000

16,880,000

3,718,000

5,483,000

410,000

Number of eggs from each female

Min. Max. Average

40,000 650,000 315,333

60,000 400,000 190,000

n.d. 850,000 413,600

100,000 2,710,000 944,000

n.d. 2,870,000 413,111'.u '.u i?i:fiii



Laruol & Juuenile Deuelopment
and Growth

Eggs ofM. meretrixwercT0-75 pmin diam-
eter with a 130-140 pm gel"atinous coat
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around the egg (Figs. 3A, B). At 26-29 "C
and 32-34 ppt salinity, fertilised eggs devel-
oped into D-shaped veliger larval stage
within 16 hours after fertilisation (Fig. 3C),
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Figure 3. Larval and juvenile development of oriental hard clam, Meretrix meretrix:
(A) Newly spawned eggs, 70-75 prm diameter with 130-140 pm gelatinous sac; (B) cleavage,
phase contrast photography, gelatinous coat obviously seen; (C) D-shaped veligers, 16 hours
after fertilisation, 105-115 pm shell length; (D) pediveligers, 6 days old, 170-190 7zm shell
length; (E) young juvenile, 17 days old, 300-510 pm shell length;(F) juveniles 2.5 months old,
with various shell colour patterns.
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having complete first larval shells with an
average size of lLI.2 +2.8 pm shell length.
Survival rate to D-shaped larvae ranged
fuom6.7-74.9 Va.The larvae remained plank-
tonic as swimmingveligers for 5-7 days then
developed into pediveligers, 170-190 pm
shell length, having a foot to creep on sirb-
stratum (Fig. 3D). Pediveligers became set-
tled by day 7-9, at a size of about 190-200
pm shell length, completely changed into
benthic livingwith estimated survival of 10-
80%. Shells thickened and were slightly col-
oured at a size of about 300 pm (Fig. 3E).
Fully developed juveniles exhibited various

Table 3 Development of larvae and juveniles
of Meretrix meretrix from hatchery culture, 26-
29 "C,32-34 ppt.

Aoo Developmental Stage Survival

Tlopical Marine Mollusc Programme (TMMP)

O.6-537o
from D-shape

shell colour patterns as found in adults (Fig.
3F). This shell colour difference was evident
from about 2-3 mm shell length at an age of
about 1.5 months. Development and surwival
of the hatchery cultured M. meretrix is
shown in Table 3. Growth of the larvae and
young juveniles is shown in Fig. 4.

Growth of the juveniles varied much in
every batch. Two months old juveniles had
shell length varying from 0.4 to 4.5 mm. No
obvious difference in juvenile growth per-
formance was found between different nurs-
ery systems.

Seed Production
Hatchery culture of M. meretrix, starting
with a number of D-shaped veligers ranged
from 810,000 to 9,136,000larvae in a single
batch, yielded a production of 5,000 to
1,300,000 of 2-5 mm juveniles with a sur-
vival of 0.6-53.2Vo. Production of 2-5 mm ju-
veniles, 2-3 months old, from 7 batches of
this study is shown in Table 4.

Table 4. Seed production ofthe oriental hard
clam Meretrix meretrix, from 7 culture batches
in 1999.

Batch No. Number of Number of Survival .

D-shaped juveniles (Vo)

larvae 2-3 months
old

Fertilised egg

Ohr 70-75pm
with 130-140 pm sac

D-shaped veliger 6-74Vorb-r / nrs IIl.2 t 2.8 pm from fertilisation

Pediveliger 30-80VoDaY o-t 
170-190 pm from D-shape

Day 7-e fi'l;".TTl *"_tl"i$T,,*""

2 months

AGE (days)

Figure 4. Growth of larvae and young juveniles
of the oriental hard clamMeretrix meretrix,from
hatchery culture.

DISCUSSIONS & CONCLUSIONS
Oriental hard clam, Meretrix meretrite , is a
species with a potential to developed mass
seed production from hatchery. Adult clams
can be managed for spawning induction ef-
fectively. Serotonin injection is a very effec-
tive method having been used in breeding

Young juvenile
O.4-4.5 pm 240599 7

260599 2

210699 3

230699 4

160799 5

100899 6

110899 7

810,000

660,000

910,000

9,136,000

3,342,000
4,900,000

310,000

5,000 0.62

80,000 t2.L2

139,000 15.27

250,000 2.74

22,000 0.66

1,300,000 26.53

165,000 53.23

0246810t214t6t820
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of several bivalve species, including hard
clam in this study. This reagent is known to
be a strong inducer. Nugranad & Promjinda
(1997) recommended this method to be used
only with ripe broodstock in order to yield
mature gametes, which would lead to
healthy larvae. In M. meretrix, although
gonad maturity was not determined, the
seasonal reproductive cycle might have been
the trick making spawning induction appli-
cable.

One batch in this study showed very high
production rate and as much as 53.2Vo sar-
vived from D-shaped veligers to millimetre-
sized juveniles. However, survival varied
from batch to batch as well as from tank to
tank. This might be according, not only to
quality of the larvae itself, but also handling
and hatchery management. Mortality was
observed to be highest during pediveliger
and settlement stages when the veligers
were changing their mode of living.

In rearing of the hatchery-produced seed,
the upwelling nursery system, which has
been well applied for many other bivalve
species, was found not so applicable for
young juvenile of M. meretrix d:ue to drift-
ing behaviour of the juveniles by secretion
of mucous substance into the water. This
behaviour remained even with a grown-up
size of over 5 mm shell length. Thus, the
down-flow nursery was chosen to overcome
this problem.

There was no obvious difference in juve-
nile growth performance between different
nursery systems. Juveniles reared in sand
substrate were slightly superior in terms of
reduced diatom fouling and shell abnormal-
ity to the group reared in the down-flow sys-
tem. Juveniles held in strong water circula-
tion without sand substrate for too long may
suffer from abnormal shell growth, but pro-
viding sand substrate in a land-based nurs-
ery is a cumbersome and not practicable.
Therefore, the nursery period should not
exceed 4 months; by then the juveniles
should be ofsuitable size ready to be trans-
ferred to natural habitat.

Hatchery seed production is a promising
way to supply the oriental hard clam seed
not only for stock enhancement but also for
coastal aquaculture or sea-farming develop-
ment. Carrying capacity of various nursery
systems applicable for juvenile culture
should be further investigated to improve
the production.

At present, basic information on biology,
population d5mamics, and distribution ofthe
species is still lacking. As any hard clam
population exhibits variation in shell colour,
it should also be studied if there is any dif-
ference in growth related to shell colour pat-
terns. Preliminary observation from this
study also led to interesting genetical ques-
tions, as it was found that a pair of clams
with the same shell colour mostly produced
offspring with the same colour as the par-
ents.

Restocking of the hatchery-produced hard
clam juveniles into natural environment
should be further studied. As the species is
one of the commercially interesting mol-
luscs, attempt should be made to set up com-
mercial culture, which is not present in Thai-
land at the moment.
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