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Abstract  

Oysters have been collected from wild since long time ago for human consumption. 

Recent development in aquaculture has allows the production of its seed in hatchery. 

Factors favoring the oyster production are stocking density, water quality and the 

availability of live food. These factors can increase the growth and survival of the 

oyster. Fundamental knowledge on life cycle and biology of oyster is important as it 

can become the basis for successful development of oyster culture. Due to the limited 

seed supply, hatchery produce seedlings are important to support the development of 

oyster industry. 
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Introduction  

Little information is available on the 

biology and culture of native oyster in 

Malaysia. In early 1960’s by the 

Department of Fisheries Malaysia 

favored by a Colombo Plan Expert has 

conducted some studies on oyster. 

During mid-seventies, experimental 

culture of Crassostrea belcheri was 

carried out in Sabah (Chin and Lim, 

1978). Then, followed by cultured of 

flat oyster, Ostrea folium in Pulau 

Langkawi (Ng, 1979). The culture 

system uses polyethylene net as 

substrate for oyster attachment. In 1988, 

Department of Fisheries Malaysia with 

the cooperation of Bay of Bengal 

Programme (BOBP) started a more 

aggressive approach for the production 

of oyster.  Under this program, suitable 

spatfall and areas for culture were 

studied intensively. Thus, the 

establishment of oyster production in 

areas at Sg. Muar (Ng, 1979), 

Langkawi, Penang, Pangkor and 

Melaka (Angell, 1988). However, the 

production of oyster in Malaysia is still 

very dependent on seedling collected 

from the natural sources (Ng, 1991).  

     Basically, four genera of oysters 

considered native to Malaysia are 

Crassostrea iredalei (Fig. 1a), C. 

belcheri (Fig. 1b), Ostrea folium, 

Saccostrea cucullata and Hyotissa 

hyotis (Lam and Morton, 2009). Among 

these oysters, C. iredalei has the highest 

commercial value due to its taste and 

appearance (Mohd Yatim, 1993). 

Oysters have high demand as food in 

restaurant and steamboat stall. Two 

common species cultured by fishermen 

on commercial basis are C. iredalei and 

C. belcheri. Their spats are usually 

collected from the wild. In recent years, 

the limited supply of seeds from the 

coastal waters of Malaysia causes the 

decline in the production of these two 

oysters. In order to increase this 

production, the Fisheries Research 

Institute (FRI) and Universiti Sains 

Malaysia (USM) have conducted a 

collaborative research for the artificial 

propagation of C .iredalei and C. 

belcheri in hatchery. The first 

successful spawning and larvae rearing 

of C. iredalei was reported in 1990 

(Wong, 1990). 

 

 

 
Figure 1: Oysters species in Malaysia, 

Crassostrea iredalei (a) and 

Crassostrea belcheri (b). 

 

Oyster is the most valuable edible 

mollusks belong to the family Ostreidae. 
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The irregular shell and varies shape 

depending on its attachment to substrate. 

The upper valve is small and flat while 

the lower valve bigger, convex and 

slightly excavated. The inside surface 

of the shell is smooth and chalky white. 

Upper and lower valves are connected 

to each other at the toothless hinge 

(Rosell, 1990). The colors of scar 

depend on species. Internal anatomy 

showed the position of abductor muscle 

(Fig. 2).  

 

 
Figure 2: Internal anatomy of tropical oyster, 

Crassostrea iredalei. 

 

According to Visootiviseth (1998), 

Crassostrea iredalei has purple-black 

adductor muscle scar, whereas white in 

C. belcheri (Fig. 3).  

 

 
Figure 3: Color of scar in Crassostrea iredalei 

(a) and Crassostrea belcheri (b). 

 

Similarities in the morphological 

structures, such as in C. madrasensis 

and C. iredalei (Suzana et al., 2011), 

often resulted in the misidentification of 

oyster species (Lam and Morton, 2003; 

Yu et al., 2003; Xia et al., 2008). Thus, 

the used of molecular technique has 

been applied for phylogenetic and 

taxonomic study of oyster (Xia et al., 

2008; Wang et al., 2010; Suzana et al., 

2011). 

 

Maturation and spawning  

Most of the tropical oysters in Malaysia 

are protandric hermaphrodites. This 

allows it to change from male to female 

upon reaching adult stage and vice 

versa (Blanco et al., 1951). Oyster can 

reach sexual maturity at the size of 50 

to 80 mm (Rosell, 1990). Creamy white 

color indicates of ripe gonad, therefore 

is ready to spawn. Fertilization occurs 

externally with sperms being released 

continuously as dense white streams, 

and eggs released aided by contraction 

of adductor muscles. A single female 

can release millions of eggs. The 

tropical climate of Malaysia allows 

oysters to spawn throughout the year. 

The peak spawning seasons is between 

April to June and October to December 

(Devakie et al., 1993). The temperature 

and salinity changes during these 

seasons trigger the oysters to spawn 

actively.  

     Artificial propagation can be carried 

out in hatchery by taking ripe 

broodstock from grow-out site or from 

wild. Broodstock shell are cleaned from 

barnacle, worm and other organism. 

Immersion with 10-20 ppm calcium 

hypochloride for 20 to 30 minutes will 
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further eliminates protozoa and other 

organism on the shells. According to 

Ng (1993), selection of spawners is 

based on gonad maturity (Fig. 4).  

 

Figure 4: Matured oyster gonad. 

 

Natural spawning can be conducted by 

placing oysters in spawning tank 

supplied with ultra-violated (UV) 

treated running seawater. The release of 

sperms triggers the female to ovulate.  

As for selective breeding, the 

broodstock can be placed in separate 

tank, then sperms and eggs are 

collected and subsequently fertilized. 

For both techniques, the fertilized eggs 

are collected then placed in incubation 

tank for 24 hours (Ng, 1993). Artificial 

spawning can be carried out by treating 

the broodstocks with chemical such as 

serotonin. This chemical triggers the 

broodstock to release the sperms and 

eggs for fertilization (Gibbon and 

Castagna, 1984; Velasco et al., 2007). 

 

Embryonic and early development 

The pelagic phase of oyster larvae can 

last for approximately 20 to 22 days. 

The haploid sperm and egg fused when 

fertilization occurs to form a zygote. 

When the polar body appeared, it 

indicates successful fertilization. Thirty 

minute after fertilization, the eggs start 

to divide and developed into two-celled 

stage. Division of cells increase the 

weight of eggs. Eggs developed further 

into multi-celled blastula, gastrula stage 

and moving trochopores within 24 

hours. Trochopores are oval in shape 

with size of 60 to 80 µm. These 

trochopores swim with the aid of cilia 

and long flagellum. Before it become 

fully-shelled D larvae in 24 hours, the 

velum will develop as a feeding organ. 

Whilst the larvae move, the velum will 

feed on phytoplankton in the water. 

Umbone will develop after thirteen 

days of fertilization. At umbo stage, the 

umbones are more prominent. Eye-

larvae stage commences when a small 

dark circular dot appear at the center of 

each valve. At pediveliger stage, the 

foot and gills are developed. Larvae 

will then settle down as soon as they 

found a suitable substrate. They secrete 

the cement from the byssal gland at the 

foot for attachment. This cement 

hardens rapidly. Upon attachment to 

substrate, the foot disintegrates, then 

the oyster remains permanently at the 

selected substrate.   

 

Larvae rearing and spat collection 

Oysters are an epifaunal species with 

pelagic larval stage and sessile adult. 

Life stages include trocophore, umbo, 

D-shape, eye-stage, pediveliger, 

plantigrade, spat, juvenile and adult 

(Fig. 5). Generally, the growth and 

survival of oyster depend on 

temperature. According to Devakie and 
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Ali (2000), C. iredalei can tolerate wide 

range of temperature from 24 to 36ºC. 

Crassostrea iredalei larvae set at 

temperature range of 10 to 20ºC and 

salinity of 30.2 to 40.1% (Devakie and 

Ali, 2000). Southgate and Lee (1998) 

reported that Saccostrea echinata can 

survive well when reared at 29ºC. 

 
Figure 5: Life cycle of tropical oyster. 

 

Stocking density can affect the survival 

of larvae. However, high density 

culture will increase competition for 

space, which may results in the increase 

larvae mortality. D-stage larvae with 

size of 50 to 60µm can be stocked at 5 

larvae per mL. Stocking can be reduced 

further as the larvae grow. 

Recommended stocking for the larvae 

of different species of oyster is as 

shown in Table 1.  

 

Microalgae culture 

Microalgae have been used as food in 

bivalve hatcheries since 1940s (Bruce 

et al., 1940). The development of each 

bivalve stage is fully dependent on diets 

of cultured microalgae such as 

Chaetoceros calcitrans, Pavlova lutheri, 

Isochrysis sp. and Thalassiosira 

pseudonana (Coutteau and Sorgeloos, 

1992). These microalgae are used as 

food for larvae, juvenile and broodstock. 

In traditional culture, juveniles of 500 

µm to 2-5 mm are transferred into tanks 

supplied with seawater from estuary. 

Thus, the juveniles are able to get food 

from the natural seston in water 

(Rodhouse et al., 1981). This method 

incur low cost, but with high risk. 

Microalgae can be cultured using two 

techniques, traditionally with batch 

mode in carboys or modified technique 

using semi-continuous mode in alveolar 

photo-bioreactor (Ponis et al., 2003). 

Instead of monospecific diet, various 

studies showed that multispecific diet is 

better for bivalve. This is because 

different species of microalgae has 

different nutritional profile. Thus, mix 

diet can complement each other to 

sufficiently support the growth of 

larvae.  In mollusc hatchery, mass 

culture of larvae is hindered due to the 

limited supply of natural phytoplankton. 

High concentration of microalgae is 

needed in hatchery to support the 

optimum growth and survival of 

molluscs. Common species of 

microalgae use as food for oyster are as 

shown in Table 2.  

     Selection of microalgae as food for 

mariculture is based on cell size, shape, 

digestibility, and biochemical 

composition (Doroudi et al., 2003; 

Martinez- Fernandez et al., 2004). 

According to Chrétiennot-Dinet et al. 

(1991), the selected microalgae must 

have high nutritional value and can be 

mass cultured without much difficulty. 

Lipids are essential component in the 

food for all aquatic larvae, including 

bivalves. 
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Table 1: Stocking density recommended for the culture of oyster larvae 

Species Stocking density 

(larvae/mL) 

Size of oyster at 

initial stocking 

(µm) 

Source 

Pinctada margaritifera 1,2 or 5 81.5 ± 2.5 Doroudi and Southgate, 2000 

Crassostrea iredalei 1 >250 Devakie and Ali, 2000 

Pinctada margaritifera 2 81.5 ± 2.5 Doroudi et al., 1999  

Pinctada margaritifera 4.1 81.3 ± 0.06 

Pinctada margaritifera 2 122.9 ± 0.09 

Saccostrea echinata 5 >210 Southgate and Lee, 1998 

 

Table 2: Types of microalgae as food for oyster 

Class of microalgae Species of microalgae Species of culture Source 

Prymnesiophyceae Pavlova salina 

Pavlova sp. 

Isochrysis sp. clone TISO 

Pinctada margaritifera Martìnez- 

Fernández and 

Southgate, 2007 

Bacillariophyseae Chaetoceros muelleri 

Chaetoceros sp. 

Skeletonema sp. 

Prasinophyceae Micromonas pusilla 

Prymnesiophyceae Isochrysis aff. galbana TISO 

Pavlova sp. 

Pavlova pinguis 

Crassostrea gigas McCausland et al., 

1999 

Bacillariophyceae C. calcitran 

S. costatum 

Chlorophyceae Dunaliella tertiolecta 

Cryptophyceae Rhodomonas salina 

Prymnesiophyceae Isochrysis aff. galbana TISO 

P. salina  

Pinctada margaritifera Doroudi et al., 1999 

Prymnesiophycea Isochrysis galbana Crassostrea iredalei Devakie and Ali, 

2000 Bacillariophyceae Chaetoceros calcitran 

Prymnesiophycea Isochrysis aff. galbana (TISO) 

Pavlova lutheri 

Crassostrea gigas Brown and Robert, 

2002 

Bacillariophyceae C. Calcitran 

C. Calcitran forma pumilum 

C. muelleri 

Chaetoceros sp. 

Skeletonema costatum 

Prymnesiophyceae Pavlova lutheri 

Isochrysis affinis galbana 

Crassostrea gigas Rico-Villa et al., 

2006 

Bacillariophyceae C. calcitran forma pumilum  

Prymnesiophyceae Isochrysis aff. galbana (TISO) Crassostrea gigas 

Ruditapes 

philippinarium 

Delaporte et al., 

2003 Bacillariophyceae C. calcitran 

Prasinophyceae Tetraselmis suecica 

Prymnesiophyceae Isochrysis aff. galbana (TISO) Crassostrea gigas Rico-Villa et al., 

2009 Bacillariophyceae C. gracilis 

S. marinoi 

Bacillariophyceae C. calcitran 

C.muelleri 

Pinctada margaritifera Ehteshami et al., 

2011 

Prymnesiophyceae Isochrysis sp. 
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They are source of energy and form 

part of the biological membrane (Arts et 

al., 2009). However, during digestion, 

lipids are hydrolysed into primary 

component called fatty acid. Thus, the 

nutritional value of microalgae is very 

much related to the specific 

composition of fatty acid than lipid 

(Webb and Chu, 1982; Delaunay et al., 

1993). The profile of fatty acids differ 

between microalgae. Certain 

microalgae are lack of essential fatty 

acid (Brown et al., 1989; Volkman et 

al., 1989). For instance, 

docosahexanoic acid (22:6(n-3), DHA) 

content in I. galbana is high, while low 

in eicosapentanoic acid (20:5(n-3), 

EPA). Conversely, C. gracilis is rich in 

EPA but deficient in DHA (Brown et 

al., 1997; Ehteshami et al., 2011). 

     Most microalgae used in bivalve 

hatcheries contained high nutritional 

value, especially in polyunsaturated 

fatty acid (PUFA) of the n-3 series EPA 

(eicosapentaenoic acid 20: 5n-3) and 

DHA (docosahexanoic acid 22:6n-3) 

respectively (Brown et al., 1997). These 

PUFA are essential for marine animals 

(Kanazawa et al., 1979). In bivalve 

hatcheries, controlled mass culture of 

microalgae required manpower and 

economic investment. In fact, 

microalgae production cost varies from 

15 to 85 % of the overall hatchery 

management costs depending on scale 

of production and cultivation methods 

(Urban and Langdon, 1984; Coutteau 

and Sorgeloos, 1992; Knaeur and 

Southgate, 1997). Specialized 

equipment and facilities required for 

microalgae culture contribute to the 

cost of the hatchery. The development 

of suitable microalgae diet would be a 

major consideration to reduce the 

operational cost of a hatchery. Several 

alternative diets proposed are preserved 

microalgae, bacteria and yeast, 

microencapsulated and microbound 

diets, kaolin and silt (Knauer and 

Southgate, 1999). The most interesting 

alternative is refrigerated concentrated 

microalgae (Ponis et al., 2003). The 

nutritional value of Pavlova lutheri can 

be maintained for 27 days when 

preserved at 1-4°C. The efficiency of 

this storage is because alga will remain 

as living cells when preserved at low 

temperature. Tetraselmis suecica after 3 

months of storage, will still contained 

level of EPA equivalent to fresh alga 

(Montaini et al., 1995). Provision of 

suitable ration will ensure the success 

of mollusc hatchery. According to 

Doroudi et al. (1999), food ration at 

20×10
3 

cells/mL for the larvae of 

Pinctada margaritifera resulted in the 

230 µm anterior posterior length of 

larvae. While maximum survival of 8% 

when fed at 10×10
3 

cells/mL. Even 

though growth is a major factor for the 

evaluation of physiological condition, 

survival percentage is still important at 

different culture density. 

     Algae ration and larvae density 

influence the growth and survival of 

larvae. The optimum algae ration varies 

depending on the larvae age. D-stage 

larvae showed high survival and shell 

grow when fed with microalgae at 4.5 – 

11.5×10
3 

cell/mL, at larvae density of 
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3mL
-1

 (Doroudi and Southgate, 2000).  

Larvae of 13- 20 day old has maximum 

survival when fed with microalgae at 

2.5×10
3 

cell/mL. Best shell growth of 

older larvae is when fed at 15- 32×10
3 

cell/mL of microalgae. Doroudi and 

Southgate (2000) suggested the feeding 

of P. margaritifera at 8×10
3 

cell/mL, 

with density of 3 larvae/mL up to 8-day 

old. While for 13 to 20 day old larvae, 

feeding at 25×10
3 

cell/mL, with 

stocking of less than 2 larvae/mL. 

Therefore, the concentration of 

microalgae during culture affects the 

growth and survival of larvae (Doroudi 

and Southgate, 2000). Since bivalves 

are filter feeders, they require sufficient 

food to continue living. Concentration 

of microalgae to be fed to larvae varies 

depending on species of microalgae and 

larval stage. The minimum requirement 

of microalgae for Crassostrea gigas 

larvae is 25×10
3 

cell/mL at D-stage 

(Rico-Villa et al., 2006). 

     Fundamentally, microalgae culture 

is important to commercial hatchery of 

marine molluscs. According to 

Martinez-Fernandez et al. (2006), the 

used of Pavlova sp. and Pavlova salina 

in diet resulted in the highest shell grow 

at D- stage and umbo stage larvae for 

Pinctada margaritifera. Pavlova sp. 

and Isochrysis sp. from the group 

Prymnesiophytes are the most preferred 

due to their size and shape which 

facilitated better ingestion. Culture of S. 

echinata has been quite successful 

using diet composed of T-ISO and P. 

salina (Southgate and Lee, 1998). 

Martínez-Fernández and Southgate 

(2007) indicated the possibility of 

combining seven tropical microalgae as 

feed for D-stage larvae of Pinctada 

margaritifera, with the addition of 

diatom at umbo-stage larvae. Feeding 

with Pavlova sp. supports better growth 

of D-stage larvae, and with the addition 

of diatom it can increase the growth of 

umbo-stage larvae. Thus, suggesting 

that Pavlova sp. and Pavlova 

sp./Chaetoceros muelleri are good diet 

for oyster larvae.  

     Diet composition may affect the 

growth and survival of bivalve larvae.  

Various algae ration has been used in 

the oyster larviculture. A mixture of 

microalgae species will provide a better 

nutrient balance (Ronquillo et al., 2012). 

Monospecific diet using Tetraselmis 

suecica resulted in the lowest growth of 

mangrove oyster, Crassostrea 

corteziensis due to the lack of DHA and 

low level of Arachidonic acid (20:4(n-

6), AA) and EPA (Rivero-Rodriguez et 

al., 2007). Arachidonic acid (AA) also 

is a fatty acid essential for the growth of 

juvenile clam Tapes sp. (Caers et al., 

1999). Ratio of EPA/DHA affects the 

growth of mollusc. Juvenile oysters fed 

with microalgae with high levels of 

essential fatty acid (EPA, DHA, AA) 

showed better growth compared to 

those containing lower level of fatty 

acid (Ronquillo et al., 2012).  The eye- 

larvae of C. iredalei showed better 

setting rate when fed with both 

Isochrysis galbana and Chaetoceros 

calcitrans. Meanwhile, larvae given I. 

galbana alone produce better results 

than C. calcitran alone. The best 
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density of microalgae is 100×10
3
 

cell/mL for I. galbana, C. calcitran and 

mixture of both microalgae.  

 

Conclusion 

The successful production of oyster in 

hatchery depend highly on microalgae 

culture. However, selection of suitable 

microalgae should also be given 

priority. Other factors that may affect 

the production of oysters in hatchery 

are quality of broodstock, spawning 

technique, stocking density and water 

quality. Economic aspect should be 

considered as well, since low cost 

method will definitely reduce the 

overall hatchery operational cost. 

Development of culture technique for 

native oyster species will be more 

feasible since it may reduce obstacles in 

term of species adaptability to the local 

climate, and the availability of 

broodstock from the wild. Thus, in 

Malaysia, C. iredalei and C. belcheri 

have high potential as candidate for 

aquaculture. 

 

References 

Angell, C.L., 1988. Oyster marketing 

in Peninsular Malaysia-Prospect and 

Problems. Bay of Bengal 

Programme. 

Arts, M.T., Brett, M.T. and Kainz, 

M., 2009. Lipids in Aquatic 

ecosystem. Springer, New York. 

Blanco, G.J., Villaluz, D.K. and 

Montalban, H.R., 1951. The 

cultivation and biology of oysters at 

Bacoor bay, Luzon. Philippines 

Journal Fisheries, 1, 35. 

Brown, M., Jeffrey, F. and Garland 

C., 1989. Nutritional aspects of 

microalgae used in mariculture. A 

literature review. CSIRO Marine 

Laboratories, Report 205. 

Brown, M.R., Jeffrey, S.W., Volkman, 

J.K. and Dunstan G.A., 1997. 

Nutritional properties of microalgae 

for mariculture. Aquaculture, 151, 

315-331. 

Brown, M. and Robert, R., 2002. 

Preparation and assessment of 

microalgal concentrates as feed for 

larval and juvenile Pacific oyster 

(Crassostrea gigas). Aquaculture, 

207, 289-309. 

Bruce, J.R., Knight, M. and Parker, 

M.W., 1940. The rearing of oyster 

larvae on an algal diet. Journal of the 

Marine Biological Association of the 

United Kingdom, 24, 337-374. 

Caers, M., Coutteau, P. and 

Sorgeloos, P., 1999. Dietary impact 

of algal and artificial diets, fed at 

different feeding rations, on the 

growth and fatty acid composition of 

Tapes philippirum (L.) spat. 

Aquaculture, 170, 307-322. 

Chin, P.K. and Lim, A.L., 1978. 

Oyster culture development in Sabah. 

Sabah Society Journal, 6, 108-115. 

Chrétiennot-Dinet, M.J., Vaulot, D., 

Galois, R., Spano, A.M. and 

Robert R., 1991. Analysis of larval 

oyster grazing by flow cytometry. 

Journal of Shellfish Research, 10, 

457-463. 

Coutteau, P. and Sorgeloos, P., 1992. 

The use of algal substitutes and the 

requirement for live algae in 

 [
 D

O
I:

 1
0.

18
33

1/
SF

S2
01

8.
5.

1.
2 

   
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

if
is

he
ri

es
sc

ie
nc

es
.c

om
 o

n 
20

23
-0

1-
15

 ]
 

                             9 / 13

http://dx.doi.org/10.18331/SFS2018.5.1.2   
http://sifisheriessciences.com/article-1-112-en.html


16 Fakhrina et al., Production of tropical oyster seed in hatchery 

hatchery and nursery rearing of 

bivalves molluscs: An international 

survey. Journal of Shellfish 

Research, 11,467-476. 

Delaporte, M., Soudant, P., Moal, J., 

Lambert, C., Quéré, C., Miner, P., 

Choquet, G., Paillard, C. and 

Samain, J.F., 2003. Effect of mono-

specific algal diet on immune 

functions in two bivalve species- 

Crassostrea gigas and Ruditapes 

philippinarum. Journal of 

Experimental Biology, 206, 3053-

3064. 

Delaunay, F., Marty, Y., Moal, J., 

and Samain, J. -F. 1993. The effect 

of monospecific algae diets on 

growth and fatty acid composition of 

Pecten maximus (L) larvae. Journal 

of Experimental Marine Biology and 

Ecology, 173, 163-179. 

Devakie, M.N., Hall, R. and Angell, 

C.L., 1993. Small-scale oyster 

culture on the West Coast of 

Peninsular Malaysia. Bay of Bengal 

Programme, Madras, India. 

Devakie, M.N. and Ali, A.B., 2000. 

Salinity-temperature and nutritional 

effects on the setting rate of larvae of 

tropical oyster, Crassostrea iredalei 

(Faustino). Aquaculture, 1884, 105-

114. 

Doroudi, M.S., Southgate, P.C. and 

Mayer, R.J., 1999. Growth and 

survival of blacklip pearl oyster 

larvae fed different densities of 

microalgae. Aquaculture 

International, 7, 179-187. 

Doroudi, M.S., Southgate, P.C., 2000. 

The influence of algae ration and 

larval density on growth and survival 

of blacklip pearl oyster Pinctada 

margaritifera (L.) larvae. 

Aquaculture Research, 31, 621-626. 

Doroudi, M.S., Southgate, P.C. and 

Lucas, J., 2003. Variation in 

clearance and ingestion rates by 

larvae of the black-lip pearl oyster 

(Pinctada margaritifera, L.) feeding 

on various microalgae. Aquaculture 

nutrition, 9, 11-16. 

Ehteshami, F., Christianus, A., 

Rameshi, H., Harmin, S.A. and 

Saad, C.R., 2011. The effect of 

dietary supplements of 

polyunsaturated fatty acid on Pearl 

oyster, Pinctada margaritifera L., 

gonad composition and reproductive 

output. Aquaculture Research, 42, 

613-622. 

Gibbons, M.C. and Castagna, M., 

1984. Serotonin as an inducer of 

spawning in six bivalves. 

Aquaculture, 40, 189-191. 

Kanazawa, A., Teshima, S. and Ono, 

K., 1979. Relationship between 

essential fatty acid requirement of 

aquatic animals and their capacity 

for bioconversion of linoleic acid to 

highly unsaturated fatty acid. 

Comparative Biochemistry and 

Physiology, 63B, 295-298 

Knauer, J., Southgate, P.C., 1997. 

Growth and fatty acid composition 

of Pacific oyster (Crassostrea gigas) 

spat fed a spray-dried freshwater 

microalga (Spongiococcum 

excentricum) and micro encapsulated 

lipids. Aquaculture, 154, 293- 303. 

 [
 D

O
I:

 1
0.

18
33

1/
SF

S2
01

8.
5.

1.
2 

   
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

if
is

he
ri

es
sc

ie
nc

es
.c

om
 o

n 
20

23
-0

1-
15

 ]
 

                            10 / 13

http://dx.doi.org/10.18331/SFS2018.5.1.2   
http://sifisheriessciences.com/article-1-112-en.html


Journal of Survey in Fisheries Sciences 5(1) 2018                                    17 

Knauer, J., Southgate, P.C., 1999. A 

review of nutritional requirements of 

bivalves and development of 

alternative and artificial diets for 

bivalve aquaculture. Reviews in 

Fisheries Sciences, 7, 241-280. 

Lam, K. and Morton, B., 2003. 

Mitochondrial DNA and 

morphological identification of a 

new species of Crassostrea 

(Bivalvia: Ostreidae) cultured for 

centuries in the Pearl River Delta, 

Hong Kong, China. Aquaculture, 

228, 1-13. 

Lam, K. and Morton, B. 2009. 

Oysters (Bivalvia: Ostreidae and 

Gryphaeidae) recorded from 

Malaysia and Singapore. The Raffles 

Bulletin of Zoology, 57(2), 481-494. 

Martínez-Fernández, E., Acosta-

Salmón, H. and Rangel-Dávalos, 

C., 2004. Ingestion and digestion of 

10 species of microalgae by winged 

pearl oyster Pteria sterna (Gould, 

1851) larvae. Aquaculture, 230, 417-

423. 

Martínez-Fernández, E., Acosta-

Salmón, H. and Southgate, P.C., 

2006. The nutritional value of seven 

species of tropical microalgae for 

black-lip pearl oyster (Pinctada 

margaritifera, L.) larvae. 

Aquaculture, 257, 491-503. 

Martínez-Fernández, E. and 

Southgate, P.C., 2007. Use of 

tropical microalgae as food for 

larvae of black-lip pearl oyster 

Pinctada margaritifera. Aquaculture, 

263, 220-226.  

McCausland, M.A., Brown, M.R., 

Barret S.M., Diemar, J.A. and 

Heasman, M.P., 1999. Evaluation 

of live and pasted microalgae as 

supplementary food for juvenile 

Pacific oysters (Crassostrea gigas). 

Aquaculture Research, 174, 323-342. 

Mohd Yatim, H.N., 1993. A guide to 

oyster culture in Malaysia. Food and 

Agriculture organization of United 

Nation, Bay of Bengal Programme, 

Madras, India. 

Montaini, E., Chini-Zittelli, G., 

Tredici, M.R., Grima, E.M., 

Sevilla, J.M.F. and Perez J.A.S., 

1995. Long term preservation of 

Tetraselmis suecica: Influence of 

storage on viability and fatty acid 

profile. Aquaculture, 134, 81-90 

Ng, F.O., 1979. Experimental culture of 

a flat oyster (Ostrea folium L.) in 

Malaysian waters. Malaysian 

Agriculture Journal, 52, 103-113. 

Ng, F.O., 1991. Status of oyster 

resources and culture in Malaysia. 

Proceeding on Development of 

oyster culture in Malaysia. Kuala 

Lumpur. 

Ng, F.O., 1993. Seed production of the 

oyster, Crassostrea iredalei in 

Malaysia. Department of Fisheries 

Ministry of Agriculture Malaysia. 83. 

Ponis, E., Robert, R., Parisi, G. and 

Tredisi, M., 2003. Assessment of 

the performance of Pacific oyster 

(Crassostrea gigas) larvae fed with 

fresh and preserved Pavlova lutheri 

concentrates. Aquaculture 

International, 11, 69-79. 

 [
 D

O
I:

 1
0.

18
33

1/
SF

S2
01

8.
5.

1.
2 

   
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

if
is

he
ri

es
sc

ie
nc

es
.c

om
 o

n 
20

23
-0

1-
15

 ]
 

                            11 / 13

http://dx.doi.org/10.18331/SFS2018.5.1.2   
http://sifisheriessciences.com/article-1-112-en.html


18 Fakhrina et al., Production of tropical oyster seed in hatchery 

Rico-Villa, B., Le Coz, J.R., Mingant, 

C. and Robert, R., 2006. Influence 

of phytoplankton diet mixtures on 

microalgae consumption, larval 

development and settlement of the 

Pacific oyster Crassostrea gigas 

(Thunberg). Aquaculture, 256, 377-

388. 

Rico-Villa, B., Pouvreau, S. and 

Robert, R., 2009. Influence of food 

density and temperature on ingestion, 

growth and settlement of Pacific 

oyster larvae Crassostrea gigas, 

Aquaculture, 287, 395-401.  

Rivero-Rodriguez, S., Beaumont, A. 

and Vitchis, M., 2007. The effect of 

microalgal diets on growth, 

biochemical composition, and fatty 

acid profile of Crassostrea 

corteziensis (Hertlein) juveniles. 

Aquaculture, 263, 199-210. 

Rodhouse, P.G., Ottway, B. and 

Burnell, G.M., 1981. Bivalve 

production and food chain efficiency 

in  an experimental nursery system. 

Journal of Marine Biology 

Association UK, 61,243-256. 

Ronquillo, J.D., Fraser, J. and 

McConkey, A.J., 2012. Effect of 

mixed microalgae diets on growth 

and polyunsaturated fatty acid 

profile of European oyster (Ostrea 

edulis) juveniles. Aquaculture, 360-

361, 64-68  

Rosell, N.C., 1990. Slipper- shaped 

oyster (Crassostrea iredalei) in the 

Philippines. In W. Menzel (Eds.) 

Estuarine and Marine Bivalve 

Mollusk Culture (308-313). CRC. 

Press. Inc. 

Southgate, P.C. and Lee, P.S., 1998. 

Hatchery rearing of the tropical 

blacklip oyster Saccostrea echinata 

(Quoy and Gaimard). Aquaculture, 

169, 275-281. 

Suzana, M., Mohd Lutfi, A., Abdul 

Hadi, A., Devakie, M.N. and Siti 

Azizah, M.N., 2011. Genetic 

variation in Malaysian oysters: 

taxonomic ambiguities and evidence 

of biological invasion. Biological 

invasions, 13, 1893-1900. 

Urban, E.R. and Langdon, C.J., 1984. 

Reduction in costs of diets for the 

American oyster, Crassostrea 

virginica (Gmelin) by the use of 

non-algal supplements. Aquaculture, 

38, 277-291. 

Velasco, L.A., Barros, J. and Acosta, 

E., 2007. Spawning induction and 

early development of the Caribbean 

scallops Argopecten nucleus and 

Nodipecten nodosus. Aquaculture, 

266, 153-165. 

Visootiviseth, P.D., 1998. 

Electrophoretic and morphometric 

analyses in species differentiation of 

small oysters, Saccostrea spp., in 

Thailand. Journal of Science Society 

of Thailand, 24, 24-36. 

Volkman, J.K., Jeffrey, S.W., Nichols, 

P.D., Rogers, G.I. and Garland, 

C.D., 1989. Fatty acid and lipid 

composition of 10 sp of microalgae 

used in mariculture. Journal of 

Marine Biology and Ecology, 128, 

219-240. 

Wang, H., Qian, L., Liu, X., Zhang G. 

and Guo, X., 2010. Classification of 

common cupped oyster from 

 [
 D

O
I:

 1
0.

18
33

1/
SF

S2
01

8.
5.

1.
2 

   
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

if
is

he
ri

es
sc

ie
nc

es
.c

om
 o

n 
20

23
-0

1-
15

 ]
 

                            12 / 13

http://dx.doi.org/10.18331/SFS2018.5.1.2   
http://sifisheriessciences.com/article-1-112-en.html


Journal of Survey in Fisheries Sciences 5(1) 2018                                    19 

Southern China. Journal of Shellfish 

Research, 29, 857-866. 

Webb, K.I. and Chu, F.E., 1982. 

Phytoplankton as a food source for 

bivalve larvae. In Pruder, G. D., 

Langdon, C., Cocklin, D. (Eds.). 

Proceedings of the Second 

International Conference on 

Aquaculture Nutrition, Biochemical 

and Physiological Approaches to 

Shellfish Nutrition (272-290). 

Louisiana State University: Baton 

Rouge, Louisiana, USA. 

Wong, T.M., 1990. Seed production of 

local bivalves via hatchery 

techniques. Proceeding First 

Malaysian Applied Science 

Symposium, Universiti of 

Agriculture, Serdang, Malaysia, 14. 

Xia, J., Yu, Z. and Kong, X., 2008. 

Identification of seven Crassostrea 

oyster from the South China Sea 

using PCR-RFLP Analysis. Journal 

of Molluscan Studies, 75, 139-146. 

Yu, Z., Kong, W., Zhang, L., Guo. X. 

and Xiang, J., 2003. Taxonomic 

status of four Crassostrea oysters 

from China as inferred from 

mitochondrial DNA sequences. 

Journal of Shellfish Research, 22, 

31-38. 

 [
 D

O
I:

 1
0.

18
33

1/
SF

S2
01

8.
5.

1.
2 

   
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

if
is

he
ri

es
sc

ie
nc

es
.c

om
 o

n 
20

23
-0

1-
15

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

http://dx.doi.org/10.18331/SFS2018.5.1.2   
http://sifisheriessciences.com/article-1-112-en.html
http://www.tcpdf.org

