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ABSTRACT
The tropical oyster Crassostreairedalei (Faustino 1932) was successfully cultured in
west coastal area of Peninsular Malaysia. It was spawned in hatchery and the larvae
were reared to setting. But there was no documented information regarding to the early
development of C. iredalei larvae in Malaysia. Thus, this research will describe the
embryology and larval development of tropical oyster in the hatchery. The size of
unfertilized eggs averaged 44.71±1.80µm. First polar body was observed at 3 min after
fertilization followed by second polar body and meiosis up to 20 min. Embryos
developed into morula after 2-3 h and swimming blastula after 3-5 h. Trochophore
larvae seen at 16-18 h. The larvae grew through veliger, umbo, eye-spot and pediveliger
stages in the planktonic phase about 2 weeks before settling as plantigrade and
metamorphosing to spat on a suitable substratum. Spatfall began on day 16 and
continued until day 21. The linear relationship between shell length and shell height in
larvae is given by y= 1.2217x – 7.374, R2= 0.939 and growth of the larvae is linear.
This study will contributevaluable knowledge needed for aquaculture to optimize larval
rearing conditions and spat production in hatchery.
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INTRODUCTION
Aquaculture is the fastest growing food production industry. The vast majority of aquaculture products are
derived from Asia including China, India, Vietnam, Indonesia, Thailand, Bangladesh, Philippines, Malaysia and
Singapore [1]. In tropical countries, tropical oyster or black-scar oyster Crassostreairedaleiis the main potential
candidates due to high marketability, fast growing and good flesh appearance. It is an important commercial
species in Malaysia. Since 1988 from Bay of Bengal (Fisheries) Programme (BOBP), it was successfully
cultured in Sg. Merchang and Kuala Setiu, Terengganu. Artificial seed production technology has been
successfully produced via hatchery techniques [2].
The oyster was one of the preferred shellfish and permanent element in the annual food cycle of Malaysians
after they became aware of the value of this shellfish. Production of oysters had been the third place in mollusc
culture in Malaysia after blood cockle Anadaragranosa and green mussel Pernaviridis [3].
Malaysia is one of the first few countriesin the world to produce oyster seeds using hatchery technology[4].
Besides Malaysia, United States, Canada and Australiaare the only countries which are currently producing
hatchery oysterseeds commercially, while other countries like China, Thailand andthe Philippines are still relying
on spat from the wild [5].
Thus, it is important to produce our own spat in hatchery for outdoor farming.Information on the embryonic
and larval development of C. iredalei is leaving a gap of the knowledge of its life history.Ver[6] has reported on
larval development of C. iredalei in the laboratory reared from local species of Philippines. The present study
aimed at describing the biology of the early embryonic and larval development of C. iredalei in hatchery culture
that obtained from rearing four cohorts of larvae to settlement and on early spat growth.
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MATERIALS AND METHODS
2.1 Oyster sampling:
Thirty oysters (6-9cm) were sampled every month from local farmers located at Sungai Merbok,
BatuLintang, Kedahand transported to hatchery (Fisheries Research Institute, PulauSayak, Kedah) for
conditioning in two days before next activities. Farming area was located in brackish water covered by
mangrove area with active fishing and fish farming activities. Water salinity depends on various parameters
such as tidal regime, climatic conditions, agriculture activities and settlement area. At the time of heavy rainfall,
low salinities (approximately 10ppt) can be recorded from 1m of water surface. When rainfall is low, minimal
salinity decreases to 20ppt.
2.2 Stripping and fertilization:
Oysters were washed and scrubbed to eliminate epibionts. Then, it opened by aoyster’s knife and gonad
area was dry-stripped and gametes were pooled in 1L beaker of filtered seawater (FSW) separately. Eggs were
sampled for density count. Then, 200mL of sperms were mixed in 1L of eggs in 2L beaker for fertilization
within 20 minutes with gently aerated. For every 5 minutes, 1mL samples were taken for embryonic
development observation. After 20 minutes, fertilized eggs were sieved by 80µm and eggs were retained on
50µm sieve. Eggs were cultured in 500L culture tank with FSW at density 5-10 eggs per mL and 5mL samples
were taken for observation [7].
After 24 hour, larvae were filtered through 100µm, 50µm and 30µm sieves and larvae that remained on
50µm were samples for behavioral observation and larval density. Larvae that passed through 50µm sieve were
discarded. Larvae were fed by yellow-brown flagellate Isochrysisgalbana as a standard diet for larvae. Boiled
seawater was enriched with Conway- Walne’s medium and inoculated with I. galbana and diatom
Chaetoceroscalcitrans. The pH of the cultures was maintained between7-8. The microalgae were grown under
24 hour light conditions at a temperature of 25±1°C and harvested daily in the exponential growth phase. Algal
concentrations were counted daily using a Sedgwick counting cell[7, 9].
2.3 Larval rearing:
Rearing of larvae was carried out according toLoosanoff& Davis [8] with suitable modifications as
perLaxmilatha et al. and Tan & Wong [7, 9]. Larvae in veliger stage were fed by I. galbana at concentration of
5000 cells mL-1per day. Feeding was increased to 10 000 cells mL-1when the advanced umbo stage was attained
and further increased to 20 000 cells mL-1in pediveliger stage. At spat stage, algal concentration increased to
50k- 100 000 cells mL-1 and the stocking densitywas reduced at 2-3 larvae per mL [7]. Water change was done
on alternate days and mild aeration was started only after settlement spat. Thetemperature ranged from 27 to
29°C and the salinity 28 to 30ppt.Thelarvaeweremeasuredalongthetwoaxes,thelength anteroposterior axis
(APM) and theheight dorsoventral axis (DVM). Since the growth axis of the oyster is along the dorsoventral, the
growth of the larvae wasdeduced from the DVM. The mean values of the larval stages and spatwere derived
from 30 to 40 measurements.
Results:
3.1 Early embryonic development:
Adult C.iredalei spawned by stripping method in the hatchery from January until December. Each female
of the oyster released approximately 1 million eggs. Unfertilized eggs were brown, tear-drop shaped and a mean
diameter 44.71±1.80µm(Fig. 1a). The eggs became spherical upon insemination of sperm during fertilization
(Fig. 1b) and burst out the germinal vesicle that coated the egg yolk (Fig.1c). Percentage of fertilization ranged
30% to 50% and no measurements were made of the spermatozoa. The formation of the first polar body was
observed in the early of 3 minutes after fertilization occurred. Second polar body germinated below the first
polar body about 5 to 10 minutes after fertilization. The eggs had a 1µm-thick vitelline coat (Fig. 1d, e). Figure
1 showed the different embryonic stages of C. iredalei. The cleavage observed was unequal (Fig. 1f) and
slightly asynchronous from four-cell stage (Fig. 1g). Cell division was continued to 6-cell, 16-cell, 32-cell and
64-cells for 20 minutes.
Most of the embryo reached themorulastage at 2-3 hours after fertilization (Fig. 1j) and it started to rotate
their body in the water column. Then, the morula developed to ciliated-blastula and free swimming supported by
microvilli that covered the body (Fig. 1k). This blastula was the first motile stage. After 16-18 hours, embryo
had differentiated into trochophore, measuring approximately 45.42- 48.30µm in length. The
trochophoredeveloped into diamond-shaped covered by crown of cilia called prototroch at anterior part. (Fig.
1l).
3.2 Larval development:
3.2.1 Veliger stage (D-shaped):
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The D-shaped larvae of the veliger were transparent with visible granules after 24 hours fertilization until
day-5. The larvae appeared in brick red colour and retained on 50-60μm sieve. The abnormal larvae or slow
growth larvae that passing through 50μm were discarded. Veliger stage was recognized by presences of velum
that well developed and a velar hood covered with small cilia which aided the fast circular movements of the
larvae. The internal organs wereheavily granulated. The straight hinge larvae measured 63.68±2.50μminAPM
and 54.88±2.78μm in DVM. The larvae were very active, spinning and swimmingaround rapidly. At late veliger
stage, APM length was reached nearly 77.17±4.02μm (Fig. 2a).
3.2.2 Umbo stage:
The straight hinge larvae weretransformed into the umbo stage on day-5 until day-13. The larvae size
ranged from 74.16±6.12µm in APM and 71.95±8.03µm in DVM. The length of DVM is now longer than APM.
The umbo recognized where thestraight-hinge area had developed to circular and knobby shape (Fig. 2b).The
larvae were swimming vertically by the velum facing downwards and the umbo area on top. In late umbo stage,
it became well developed knobs on the dorsal portion in larvae and became skewed. The larvae measured
251.15±37.71μm in APM, 294.74±46.72µm in DVM(Fig. 2c).
3.2.3 Eye-spot stage:
The eye-spot stage was characterized by the presence of a black rounded spot located at the base of gill
rudiment. The eye spot visible on day 12 to 16 and the larvae measured 144.77±13.64μm in APM and
161.75±13.02µm in DVM.The eye spot became deeply pigmented and development of internal organ, stomach,
digestive tract and adductor muscle was clearly visible through transparent shell. Larvae can be observed by
naked eyes in a glass beaker and moving vertically upward by beating of velum rapidly and downward in the
water column by slow down the ciliary movement. The development of foot (pseudopod), anterior adductor
muscle and gill rudiment were observed in the shell but not function yet in this stage (Fig. 2d). This stage was
the beginning of competent larvae that ready for settlement process.
3.2.4 Pediveliger stage:
In the pediveliger stage, the development of functional foot was the main characteristic instead of shell
length ranged 195.91-267.87μm in APM and 228.81-315.31µmin DVM by days 12-16. The larvae were capable
to swim with the velum as well as crawling with foot. Small cilia observed at the tip of the foot (Fig. 2e). The
velar crown was reduced in size and thelarvae now transformed from the free swimming pelagic larvae to
crawling benthic stage, searching for suitable substratum and ready to attach.During the crawling movement, the
foot will contract and drag along the body (Fig. 2f, g).Gillrudiment was clearly visible and browncolouration
noticed along the margins of the shells.Once the pediveliger larvae found a suitable substrate for settlement, it
will secretea small drop of cement from a gland in the foot on the substrate. Then, the larvae cemented their
body to the substratum as newly settled larvae and velum disappeared. This process may delay up to 4 days.
3.2.5 Spat:
The larvae were known as plantigradeand observed on day 13-16. The size of plantigrade ranged 250729µm in APM. In this study, plastic lining was used as standard substrate for settlement [2]. On day 16
onwards, the plantigrade were metamorphosed to spatand continued until day 21. The spatmeasured greater than
490.23μm in APM length and it was identically as an adult oyster by presence of calcareous shell. The velum
disappeared, labial palpsappeared and gill filaments increased in length and number (Fig. 2h). Spat were
corresponding to the resumption of feeding uptake by formation of gill. The concentricgrowth lines, foot, heart,
posterior adductor muscle, mantle edge, visceral mass and intestine were distinctly observed. Shell appeared in
transparent calcareous but still fragile. Figure 3i showed spat at 30-days (averaged 3-5mm) and 2 month old
(averaged 7-10mm).
3.2.5 Larval growth:
The linear growth of larvae is shown in Fig. 3a. The mean shell length (APM) was plotted from veliger
until pediveliger stage. A high degree of differential growth was observed in the different larval stages during
larval rearing of C. iredalei. The linear relationship between the shell length (APM) and shell height (DVM) is
given by the equation: y=1.2217x - 7.374; R2= 0.939 (Fig. 3a). Meanwhile, the growth rate of larvae was linear
based on development day and is given by the equation: y= 21.608x – 9.021; R2= 0.948 (Fig. 3b). The
R2indicated the growth was high level of significance. Table 1 showed a summary and comparison of embryonic
and larval development of C. iredalei with other bivalves.
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Table 1: Summary and comparison of embryonic and larval development of Crassostreairedalei with other bivalves.
C. iredalei
C. iredalei [9]
Pernaviridis [13]
Ensisarcuatus [17]
(present study)
Stage
Size
Size
Size
Size
Time
Time
Time
Time
(µm)
(µm)
(µm)
(µm)
1stpb
3-10m
20m
15m
2ndpb
5-10m
45-50m
50-60
2 to 32-cell
10-20m
40m
47-50
60
6h
Morula
45-50
2-3hr
Blastula
5.5hr
60
>6hr
6-12h
3-5hr
Gastrula
16h
Trochophore
16-18hr
19h
D-shaped
63-77
D1-5
64-84
26hr
60-70
24hr
109
20-24
Umbo
74-251
D5-12
90-110
90-260
D7
177
D7
Eye-spot
144-267
D 12-16
220-270
D13
Pediveliger
195-350
D12-16
274
280-380
D16
283
D14
Spat
490>
D16>
400-490
>D21
378
D20

Placuna
[18]
Size
(µm)

50-70

80
140
215
340

placenta
Time
15m
20m
155m
285
295
305
341
18
D4
D7
D10

Germinal
vesicle

(a)
1pb

sperm

Vitelline coat

2pb

(b)

(c)

1pb
2pb

(d)

(g)

(e)

(f)

(h)

(i)
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Microvilli

Cilia

(j)

(k)

(l)

Fig. 1: Embryonic development of Crasosstrea iredalei. (a)Unfertilized egg in tear-drop shaped, (b) fertilization
process where egg surrounded by sperms, (c) burst of germinal vesicle due to insemination of sperm, (d)
potrusion of first (1pb) and second (2pb) polar body, (e) polar bodies and oocyte coated by vitelline
layer, (f) first cleaveage of 2-cell formation, (g) 4-cell, (h) 6-cell, (i) 8-cell, (j) morula stage, (k) ciliatedblastula and (l) trochophore larvae after 16-18h fertilization.
Discussion:
In oysters, stripped spawning was an alternative of procurement gametes in a fast way and reliable for
obtaining larvae. Besides, induced spawning using temperature increase and reduction in salinity always
preferable by culturist [10]. This may reflect natural conditions where C. iredalei is subject to drought season
and heavy seasonal rains. Under natural conditions, reduced salinity is a major spawning cue of tropical oyster
species during moonson season at the end of the year until early January [11, 12]. This phenomenon
complimented with present study where yearly sampling showed oyster’s was able to produce matured gonads.
Tropical bivalves allocate excess energy to reproduction continuously throughout the year and display multiple
spawning periods [12].
The present study demonstrated, embryos was capable to undergo fertilization and developed to the next
stage. According to Ver [9], the early embryonic development until spat stage of C. iredalei required more
duration to develop to another stage such as in early cell division until gastrula stage. While time consuming for
larval development stage was not recordered until spat stage. However in green mussel P. viridis and razor clam
E. arcuatus, the duration for each stage almost similar to C. iredalei and size of embryos and larvae were bigger
according to size of unfertilized eggs [7,13].
The formation of polar body seems crucial for normal embryonic developmentand it is generally assumed
that the occurrence of a polar body independent of the systematic position of a species. The present study shown
C. iredalei have an unequal cleavage. The first polar lobe germinated opposite to the “tail” (tear-drop shaped) of
eggs and fertilized eggs were then became rounded in the early of 3 minutes after potrusion of sperm. The
second polar body was germinated underneath the first polar body after 5-10 minutes. [13, 14].
However, the early development progress might be subjected to change in different species, handling,
geographical environments such as salinity, water temperature and quality of the eggs. There are many factors
influencing the survival rate of bivalve larvae such as egg density, food concentration and water quality [6, 9,
10, 15]. About 30-50% unfertilized eggs was abled to fertilized and developed to veliger stage. The umbo of C.
iredalei was a skewed type compared to other oysters species which is knobby or rounded [7, 14]. Previous
authors described the competent stage of bivalve larvae was characterized by presences of eye-spot, size greater
than 250µm, possessed foot and crawling on the bottom [7, 9, 13, 14]. For this study, the competent larvae were
identified at eye-spot stage in early of day-12 without presence of functional foot. At this stage larvae were
highly tended to settle in the next one to two days and will delayed up to four days.
The degenaration of velum at pediveliger stage and larvae started to move by crawling using foot on the
bottom searching for suitable substrate to attach. At the mean time, larvae were starved because the feeding
ability decreased and the larvae were stop feeding at the late of settlement. This situation will decreased the
ingestion process suddenly, filtration capacity is reduced and larvae were ready to settle [15, 16]. Moreover,
survival rate of pediveliger larvae that was succeded to settle and metamorphosed to spat was decreased from
16% to 4%. This situation might occurred due to lost of energy during searching for substrates to attach and
starvation period. Delayed in settlement process may triggered a mortality in larvae because of less food intake
in that period.
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Velum

Umbo

(a)

(b)
Gill rudiment

(c)

Umbo

Adductor
muscle

Foot

Velum

Eye-spot Stomach

(d)

Velum

Foot
Cilia

(e)

Gill rudiment

(f)

Inhalant chamber

Gills
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Mouth

(g)

Stomach
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(i)

2 month

Day 30

0.2mm

Fig. 2: Larval development of Crassostreairedalei. (a) Veliger larvae in D-shaped, (b) early umbo appeared in
circular hinge, (c) late umbo with clear skewed shape at dorso-hinge, (d) eye-spot stage, (e) pediveliger
with foot, (f) pediveliger with visible gill rudiment, (g) pediveliger crawled by foot, (h) metamorphosed
spat with functional gills and (i) spat at day 30 and 2 month old, development of new shell layer (arrow).
Growth lines
500

(a)

y = 1.2217x - 7.374
R² = 0.939

450

400

Shell length and width (µm)

Length, APM (µm)

400
350
300
250
200
150
100
50

y = 21.608x - 9.021
R² = 0.948

Length

350

Height

(b)

300
250
200
y = 17.104x + 4.371
R² = 0.916

150
100
50
0

0
0

100

200

300

400

0

2

Height, DVM (µm)

4

6

8

10

12

14

16

18

Days after fertilization

Fig. 3: (a) Relationship between length (APM) and height (DVM) in tropical oyster larvae Crassostreairedalei
(n=30), (b) Growth rate of C. iredalei larvae based on development day.
Previous studies on tropical oysters, C. iredalei [15] and C. belcheri [9] reported that salinity and
temperature are important in setting rate of larvae. According to Devakie & Ali [2, 15], optimum larval
settlement at salinity 20ppt and temperature 30oC but there was no significant effect by used mixed algae,
Chaetoceros calcitrans and Isochrysis galbana or single microalgae. In C. belcheri, the optimum growth was
faster at 18ppt and settlement occured at day 17. At 30ppt, larvae settled at day 23 [9].C. belcheri preferable to
be cultured at low salinity as its natural habitats.
Present study showed the development of C. iredalei larvae was ideal at full strength of salinity 29±1ppt
and temperature 28±1oC when it completed the planktonic stage within 2 weeks. C. iredalei is considered as a
fast-grow bivalve and viable to be cultured in the hatchery in order to enhance seed production. Futher research
in modification of rearing techniques, feeding or any related aspects is required to optimize larval rearing
conditions and to assess the growth rates of hatchery reared spat.
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