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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Master of Science 

 

 

GROWTH PERFORMANCE OF SLIPPER-CUPPED OYSTER (Crassostrea 

iredalei FAUSTINO, 1932) LARVAE AND SPAT FED WITH DIFFERENT 

MICROALGAE 

 

 

By  

 

Norfakhrina binti Mohd Noor 

 

December 2016 

 

 

Chairman: Fariborz Ehteshami, PhD 

Faculty: Agriculture 

 

 

Interest on oyster culture is increasing worldwide. In Malaysia, slipper-cupped oyster, 

Crassostrea iredalei is preferred as potential commercial species due to its sweet flavor 

and creamy colored meat. However, at the moment, oyster culture is still dependent on 

natural seed collection. Seed can only be collected for a short period during certain 

seasons with unpredictable recruitment. Therefore, the production of seedling from 

hatchery is essential for the sustainable production of oyster. Further research should be 

carried out to determine the growth and survival of oyster larvae produced in hatchery. 

This study specifically addressed the feeding aspect of oyster in hatchery. Three species 

of microalgae used in this study were Isochrysis sp. Pavlova sp. and Chaetoceros sp.. 

They were fed to larvae (D-stage and umbo stage) and spat of C. iredalei. 

 

 

Effects of feeding three microalgae species on the growth of D-stage and umbo stage 

larvae C. iredalei were investigated. One-day-old larvae (after fertilization) were reared 

for six days, while seven-day-old larvae (after fertilization) were reared for fourteen 

days. Diet using Isochrysis sp. supported the highest (p<0.05) growth while 

Chaetoceros sp. showed the lowest growth for D-stage larvae. Larvae fed with diet 

Isochrysis sp. showed the highest final, increment of shell length and growth (85.45 ± 

7.72 μm, 22.07 ± 7.72 μm, 0.05 ± 0.02 μm/day, respectively).  

 

 

Meanwhile, diet combination of flagellate and diatom supported better growth for 

umbo stage larvae. Combination diet Pavlova sp. and Chaetoceros sp. gave the highest 

(p<0.05) growth, compared to combination of Isochrysis sp. and Pavlova sp. (lowest 

growth). Combination of Pavlova sp. and Chaetoceros sp. showed the highest final, 

increment of shell length and growth (265.89 ± 22.50 μm, 184.13 ± 22.50 μm, 0.08 ± 

0.01 μm/day, respectively). Survival of D-stage and umbo stage larvae in every diet 

showed no significant differences. These results suggested D-stage larvae need 

Isochrysis sp. for better growth. While at umbo stage, diets containing combination of 

flagellate and diatom are better for the growth of this species. 
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The effect of feeding three microalgae species on the early development of C. iredalei 

spat was conducted. Early spats were reared for three weeks in container. Spat in all 

treatments survived well since there were no mortality. There was no significant 

difference (p>0.05) between diet Isochrysis sp./Chaetoceros sp. (IC) and Pavlova 

sp./Chaetoceros sp. (PC). Both binary diets show high significant difference (p<0.05) 

toward diet Chaetoceros sp. (C). Diet IC showed highest final, increment of shell 

length and growth (6.240 ± 0.186 mm, 2.740 ± 0.193 mm, 0.0276 ± 0.002 mm/day, 

respectively). Diet C supported the lowest of final, increment shell length and growth 

(5.413 ± 0.486 mm, 1.947 ± 0.365 mm, 0.0211 ± 0.003 mm/day, respectively). As for 

fatty acid level, Isochrysis sp. showed high content of docosahexanoic acid (DHA), 

Pavlova sp. rich in saturated fatty acid (SFA) while Chaetoceros sp. rich in 

polyunsaturated fatty acid (PUFA), eicosapentanoic acid (EPA) and arachidonic acid 

(AA). The lack of DHA in diet C resulted in low growth of spat. Thus, this result 

suggested the combination of diatom and flagellate produced better growth for early 

stage of C. iredalei spat. 

 

 

As a conclusion, at the early stage of larvae development, Isochrysis sp. is essential as 

compared to diatom since it can be easily digested. However, as larvae growth, they 

need combination of flagellate and diatom. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Sarjana Sains 

 

 

KADAR TUMBESARAN LARVA DAN SPAT TIRAM (Crassostrea iredalei 

FAUSTINO, 1932) DIBERI MAKAN MIKROALGA YANG BERBEZA 

 

 

Oleh 

 

Norfakhrina binti Mohd Noor 

 

Disember 2016 

 

 

Pengerusi: Fariborz Ehteshami, PhD 

Fakulti: Pertanian 
 

 

Perhatian terhadap ternakan tiram meningkat secara global. Di Malaysia, tiram 

komersil, Crassostrea iredalei diterima sebagai spesis yang mempunyai nilai komersil 

disebabkan rasanya yang manis dan berlemak. Walaubagaimana pun, ternakan tiram 

masih bergantung kepada benih yang dijalankan dari alam semulajadi. Pengutipan 

benih hanya boleh dikutip dari alam semulajadi pada waktu dan musim tertentu sahaja. 

Oleh demikian, pengeluaran benih di hatceri adalah sangat penting untuk membantu 

meningkatkan pengeluaran tiram. Kajian perlu dijalankan untuk menentukan 

pertumbuhan dan kadar hidup larva yang dihasilkan di hatceri. Kajian ini menekankan 

aspek pemakanan tiram di dalam hatceri. Tiga spesis mikroalga iaitu Isochrysis sp., 

Pavlova sp. dan Chaetoceros sp. digunakan sebagai makanan untuk larva (peringkat-D 

dan peringkat umbo) dan spat C. iredalei.  

 

 

Pada eksperimen pertama, kesan pemberian tiga spesis mikroalgae ke atas larva 

peringkat-D dan umbo dikaji. Kajian dijalankan selama enam hari untuk larva 

peringkat D. Manakala, selama empat belas hari untuk larva peringkat umbo. 

Penggunaan diet Isochrysis sp. menunjukkan perbezaan yang ketara (p<0.05) dari segi 

pertumbuhan larva peringkat-D berbanding dengan penggunaan diet Chaetoceros sp.. 

Larva yang diberi makan Isochrysis sp. memberikan nilai panjang cengkerang, 

pertambahan panjang cengkerang dan tumbesaran (85.45 ± 7.72 μm, 22.07 ± 7.72 μm, 

0.05 ± 0.02 μm/hari) yang tinggi. 

 

 

Manakala, diet gabungan flagellat dan diatom memberi pertumbuhan yang baik untuk 

larva peringkat umbo. Diet Pavlova sp./Chaetoceros sp. memberi pertumbuhan yang 

terbaik (p<0.05) berbanding diet Isochrysis sp./Pavlova sp.. Diet Pavlova 

sp./Chaetoceros sp. memberikan nilai yang tinggi untuk panjang cengkerang, 

pertambahan panjang cengkerang dan tumbesaran (265.89 ± 22.50 μm, 184.13 ± 22.50 

μm, 0.08 ± 0.01 μm/hari). Kadar hidup larva peringkat D dan larva peringkat umbo 

dalam setiap diet menunjukkan tiada perbezaan yang ketara (p>0.05). Keputusan ini 

menunjukkan larva peringkat-D memerlukan Isochrysis sp. untuk tumbesaran yang 

baik. Manakala, untuk larva peringkat umbo, diet mengandungi campuran flagellat dan 
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diatom adalah lebih baik. 

 

 

Pada eksperimen kedua, kesan pemberian tiga spesis mikroalga keatas spat C. iredalei 

dikaji. Spat diternak selama tiga minggu di dalam bekas 1L. Tiada kematian direkod 

sepanjang kajian dijalankan keatas spat. Tiada perbezaan yang ketara (p>0.05) diantara 

diet Isochrysis sp./Chaetoceros sp. (IC) dan Pavlova sp./Chaetoceros sp. (PC). 

Kedua-dua diet binari menunjukkan perbezaan yang ketara (p<0.05) yang tinggi 

terhadap diet Chaetoceros sp. (C). Diet IC adalah terbaik untuk ukuran akhir, 

pertambahan panjang cengkerang dan tumbesaran (6.240 ± 0.186 mm, 2.740 ± 0.193 

mm, 0.0276 ± 0.002 mm/hari). Diet C menunjukkan nilai terendah untuk ukuran akhir, 

pertambahan panjang cengkerang dan tumbesaran (5.413 ± 0.486 mm, 1.947 ± 0.365 

mm, 0.0211 ± 0.003 mm/hari). Kandungan asid lemak menunjukkan Isochrysis sp. 

kaya dengan kandungan asid dokosaheksanoik (DHA) dan Pavlova sp. kaya dengan 

asid lemak tepu (SFA). Manakala, Chaetoceros sp. kaya dengan kandungan lemak 

tidak tepu (PUFA), asid eikosapentanoik (EPA) dan asid arakidonik (AA). Kekurangan 

DHA di dalam diet C menyebabkan pertumbuhan spat yang rendah. Jadi, Keputusan ini 

menunjukkan gabungan diatom dan flagellat sesuai untuk pertumbuhan awal spat C. 

iredalei. 

 

 

Kesimpulannya, pada peringkat awal larva, Isochrysis sp. lebih diperlukan berbanding 

diatom kerana ianya senang dihadam. Apabila larva membesar ke peringkat seterusnya, 

ia memerlukan gabungan flagellat dan diatom. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Introduction 

 

 

Fisheries are divided into capture, aquaculture, ornamental and recreational fisheries 

(FAO 2016a). According to Van Houtte et al., (1989), aquaculture fisheries are defined 

as farming of aquatic organism including fish, molluscs, crustacean and aquatic plant. 

Farming applies some rearing processes to enhances production such as feeding, 

regular stocking and protection from predators. In recent year, aquaculture becomes 

popular among farmer. It is one of the food production sector which caters for family, 

country and global. Aquaculture sector is raising rapidly with increasing demand over 

the years. Coastal aquaculture is popular in the tropical region. One of the cultured 

species is mollusks. It represents 14 million tonnes in year 2000 for world aquaculture 

production. In 2012, the production increased to 15 million tonnes (FAO, 2014).  

 

 

Culture of mollusks is one of the oldest form of aquaculture existed since Roman times 

(Sahrhage and Lundbeck, 1992). Oysters from the family Ostreidae are the most 

common cultured molluscs worldwide with variety including species of Ostrea (flat 

oyster) and Crassostrea (cup oyster) being grown. Currently, hatchery production of 

oysters seed occurs in a large scale in the USA, UK and France. Spawning stock is 

maintained in a flow through system with high quality saline water with algae added to 

boost the food supply and temperature manipulation being used to trigger spawning 

(Frid and Dobson, 2013). 

 

 

In Malaysia, the tropical oyster, Crassostrea iredalei is a potential species for 

commercial aquaculture because of its sweet flavour and creamy coloured meat (Mohd 

Yatim, 1993; Devakie and Ali, 2002). These oysters are sold either with shell, half shell 

or without shell. Oyster is served as food in restaurant and steamboat stall either as 

ready-made dishes or fresh. Oyster is a nutritious food, easy to digest, rich in minerals 

and vitamins. They contained low cholesterol as compared to prawn and squids 

(Reames, 2012).  

 

 

There are four genera of oysters found in Malaysia which are Crassostrea iredalei, 

Crassostrea belcheri, Ostrea folium, Saccostrea cucullata and Hyotissa hyotis 

(Lovatelli, 1988). In Peninsula Malaysia, oyster are harvested for human consumption. 

However, oyster culture in Malaysia is still at initial stage due to a considerable number 

of problems hindering the development commercial culture. 

 

 

Experiment on nutritional value of various microalgae used as feed for larvae and 

juveniles have been conducted on different bivalve groups such as clams (Albentosa et 

al., 1996; Aranda-Burgos et al., 2014), scallops (Milke et al., 2004; Pernet et al., 2005), 
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sand pearl oyster (Martínez-Fernández et al., 2006; Martínez-Fernández and Southgate, 

2007), oysters (Rivero-Rodriguez et al., 2007) and mussels (Pettersen et al., 2010). 

 

 

Several researches studied the effect of feeding microlagae on the growth performance 

of oyster (Southgate and Lee, 1998; Doroudi et al., 1999; Doroudi and Southgate, 2000; 

Martínez-Fernández et al., 2006; Martínez-Fernández and Southgate, 2007; Ronquillo 

et al., 2012). Microalgae are the major feed for bivalve. Every development stages of 

bivalve need microalgae as energy source (Ludi, 2011). Species such as Pavlova salina, 

Chaetoceros sp., Skeletonema sp., and Micromonas pusilla have been used as feed for 

molluscs. These microalgae are fed to molluscs either as a single feed or in 

combination (Ponis et al., 2003; Martínez-Fernández et al., 2006; Ponis et al., 2006a; 

Rico-Villa et al., 2006; Sanchez-Lazo, 2014). 

 

 

Tropical microalgae such as Chaetoceros sp., Pavlova sp. and Isochrysis sp. have been 

used by many mollusks hatcheries. Chaetoceros sp., a diatom with cell wall made up of 

silica. It looks rigid and brownish in colour. It has setae with long and thin spine (Erlina 

and Hastuti, 1986). While, Isochrysis sp. and Pavlova sp. are golden flagellate, ovoid in 

shape with haptonema. These microalgaeare known to have good nutritional value. 

Particularly high in protein (Martínez-Fernández et al., 2006). 

 

 

Microalgae are used as feed for mariculture based on several factors such as cell size, 

shape, digestibility and biochemical composition (Doroudi et al., 2003, 

Martínez-Fernández et al, 2004). The species should have high value of either 

eicosapentanoic acid (EPA, 20:5n-3), docosahexanoic acid (DHA, 22:6n-3) and other 

HUFA. To date, very few studies have been conducted using these microalgae as feed 

for C. iredalei (Devakie and Ali, 2000a, 2000b, 2002; Md Saleh et al., 2004; Nor Idayu 

et al., 2015). 

 

 

1.2  Problem statements 

 

 

Production of oyster decreased due to inadequate and inconsistent supply of good 

quality seed because of most seed supplies are collected from the wild (Kechik, 1995; 

Tan et al., 2014). The variability of size and age of seed caused difficulty for oyster 

culturist. Not only that, these seeds are susceptible to mortality. Drastic changed of 

weather and temperature made it difficult for spat to find the suitable area for 

settlement. In addition, the excessive industrial and domestic pollutants contribute to 

the low survival of seed. Water pollution from industries such as oil spills and heavy 

metal can reduce the quality and quantity of the natural spats. Trace metal of spat can 

be passed on to the higher trophic level, that is the human race (Forrest et al., 2009). 

Other factor lead to higher mortality and lower productivity of oyster is ocean 

acidification. Tropical country like Malaysia receives rain throughout the year which 

lowered the pH of water. Acidification caused the thinning of the shell therefore 

making oyster an easy prey (Tan et al., 2014). 
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Findings on the beneficial values has resulted in high demand for oyster (Martino and 

Cruz, 2004; Reames, 2012). This circumstance lead to the excessive harvest of oyster 

for human consumption. Overexploitation of oyster resulted in detrimental effect on the 

natural bed and reduce its natural breeding ground. Lack of reliable and sufficient 

supply of oyster spat is a major constraint to commercial oyster culture in Malaysia 

(Ng, 1979; Wong et al., 1991; Tan et al., 2014). Current production of oysters is still 

largely dependent on natural spat fall since very few producers have succeeded in 

hatchery production, due to technological constraint (Ludi, 2011; Frid and Dobson, 

2013).  

 

 

Therefore, hatchery production is important to maintain the seed supply to farmers. 

Feeding is one of the main factor affecting growth and survival of seed in hatchery. 

There is little information on the effects of microalgae used as feed for slipper-cupped 

oyster. Furthermore, there is no established standard on the combination of microalgae 

for this species. 

 

 

1.3 Objectives 

 

 

Objectives of this study were: 

 

 

i. To determine the effect of mono, binary and ternary feeding using Isochrysis sp., 

Pavlova sp., and Chaetoceros sp. on the growth of D-stage C. iredalei larvae. 

 

 

ii. To investigate growth and survival of umbo stage larvae of C. iredalei fed with 

mono, binary and ternary combination of Isochrysis sp., Pavlova sp., and Chaetoceros 

sp.. 

 

 

iii. To determine effect of mono, binary and ternary combination of Isochrysis sp., 

Pavlova sp., and Chaetoceros sp. on the growth and survival of C. iredalei spat. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



 

 53 

REFERENCES 

 

 
Acarli, S., and AynurLök (2011). Comparision of Isochrysis galbana and Chlorella sp. 

 Microalgae on growth and survival rate of European flat oyster (Ostrea edulis, 

 Linnaeus 1758) larvae. Indian Journal of Geo-Marine Science, 40(1), 55-58. 

 

Ackman, R. G. (2000). Fatty acid in fish and shellfish. In C. K. Chow (Ed.), Fatty acid

 in food and their health implication. Second Edition (pp 153-174). New York: 

 Marcel Dekker Inc.  

 

Albentosa, M., Pérez- Camacho, A., Labarta, U., Beiras, R., and Fernández-Reiriz, M.J.

 (1993). Nutritional value of algal diets to clam spat Venerupis pullastra. Marine

 Ecology Progress Series, 97, 261- 269.   

 

Albentosa, M., Pérez-Camacho, A., Labarta, U., and Fernández-Reiriz, M. J. (1996).

  Evaluation of live microalgae diets for the seed culture of Ruditapes decussatus

  using physiological and biochemical parameters. Aquaculture, 148, 11-23. 

 

Aranda-Burgos, J. A., da Costa, F., Novoa, S., Ojea. J., and Martinez-Patino, D. (2104).

 Effect of microalgae diet on growth, survival, biochemical and fatty acid

 composition of Ruditapes dessucatus larvae. Aquaculture, 420-421, 38-48. 

 

Beer, A., Gundermann, K., Beckmann, J., and Büchel, C. (2006). Subunit composition

 and pigmentation of fucoxanthin- Chlorophyll proteins in Diatoms: Evidence for

 a subunit involved in diadinoxanthin and diatoxanthin binding. Biochemistry, 45,

 13046-13053. 

 

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. R. (1991). The amino-acid and sugar composition of 16 species of

 microalgae used in mariculture. Journal of Experimental Marine Biology and

 Ecology, 145, 79-99. 

 

Brown, M. R., Garland, C. D., Jeffrey, S. W., Jameson, I. D., and Leroi, J. M. (1993).

 The gross and amino acid composition of batch and semi-continuous cultures of

 Isochrysis sp. (clone T.ISO), Pavlova lutheri and Nannochloropsis ocullata.

 Journal of Applied Phycology, 5, 285- 296. 

 

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.R., McCausland, M.A., and Kowalski, K. (1998). The nutritional value of

 four Australian microalgal strains fed to Pacific oyster Crassostrea gigas spat.

 Aquaculture, 165, 281-293. 

 

Brown, M. and Robert, R. (2002). Preparation and assessment of microalgal

 concentrates as feeds for larval and juvenile Pacific oyster (Crassostrea gigas).

 Aquaculture, 207, 289-309. 

© C
OPYRIG

HT U
PM



 

 54 

Chin, P. K., and Lim, A. L. (1978). Oyster culture development in Sabah. Sabah

 Society Journal, 6, 108-115. 

 

Choo, P.S. (1983) Oyster Culture. Southeast Asian Fisheries Development Centre, 2,

 13-16. 

 

Da Costa, F., Nóvoa, S., Ojea, J., and Martínez-Patiño, D. (2012). Effects of algal diets

 and starvation on growth, survival and fatty acid composition of Solen marginatus

 (Bivalvia: Solenidae) larvae. Scientia Marina, 76(3), 527-537. 

 

Dales, R. P. (1960). On the pigment of Chrysophyceae. Journal of Marine Biology, 39,

 693-699. 

 

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., and Ali, A.B. (2000a). Effects of storage temperature and duration on

 the setting and post-set spat survival of the tropical oyster (Crassostrea iredalei

 Faustino). Aquaculture, 190, 369-376. 

 

Devakie, M.N., and Ali, A.B. (2000b). Salinity-temperature and nutritional effects on

 the setting rate of larvae of the tropical oyster, Crassostrea iredalei (Faustino).

 Aquaculture, 184, 105-114. 

 

Devakie, M.N., and Ali, A.B. (2002). Effective use of plastic sheet as substrate in

 enhancing tropical oyster (Crassostrea iredalei Faustino) larvae settlement in the

 hatchery. Aquculture, 212, 277-287. 

 

DoF (2016). Department of Fisheries Malaysia.  

 

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., and Southgate, P. C. (2000). The influence of algal ration and larval

 density on growth and survival of balcklip 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. 

 

 

 

© C
OPYRIG

HT U
PM



 

 55 

Ehteshami, F. (2010). Female broodstock reproductive output, larval rearing and spat

 survival of Black lipped oyster (Pinctada margaritifera), PhD. Thesis, Universiti

 Putra Malaysia. 

 

Ehteshami, F., Christianus, A., Rameshi, H., Harmin, S. A., And Saad, C. R. (2011).

 The effect of dietary supplements on polyunsaturated fatty acid on pearl oyster,

 Pinctada margaritifera L., gonad composition and reproductive output.

 Aquaculture Research, 42, 613-622. 

 

Erlina, A., and Hastuti, W. (1986). Kultur Plankton. Direktorat Jenderal Perikanan

 dengan kerjasam International Development Research Centre, Jaringan Informasi

 Perikanan Indonesia, 38. 

 

FAO (1991). Regional seafarming resources atlas: volume 2.

 http://www.fao.org/docrep/field/003/ab732e/ab732e06.htm Retrieved April 10,

 2016. 

 

FAO (2016a). Fisheries and aquaculture country profile: Malaysia.

 http://www.fao.org/fishery/facp/MYS/en  Retrieved April 2, 2016. 

 

FAO (2016b). http://www.fao.org/fishery/species/2673/en Retrieved April 10, 2016. 

 

Fernandez-Reiriz, M. J., Perez-Camacho, A., and Ferreiro, M. J. (1989). Biomass

 production and variation on the biochemical profile (total protein, carbohydrates,

 RNA, lipids and fatty acids) of seven species marine microalgae. Aquaculture, 83,

 17-37. 

 

Fernández-Reiriz, M.J., Pérez-Camacho, A., Peteiro, L.G., and Labarta, U. (2009).

 Growth and kinetics of lipids and fatty acids of the clam Venerupis pullastra

 during larval development and postlarvae. Aquaculture, 298, 16-30.  

 

Fidalgo, J. P., Cid, A., Torres, E., Sukenik, A., and Herrero, C., (1998). Effects of

 nitrogen source and growth phase on proximate biochemical composition, lipid

 classes and fatty acid profile of the marine microalgae Isochrysis galbana.

 Aquaculture, 166, 105-116. 

 

Forrest, B. M., Keeley, N. B., Hopkins, G. A., Webb, S. C., and Clement, D. M. (2009).

 Bivalve aquaculture in estuaries: Review and synthesis of oyster cultivation

 effects. Aquaculture, 298, 1-15. 

 

Frid, C. and Dobson, M. (2013). Ecology of aquatic management. United Kingdom:

 Oxford University Press. 

 

Galli, C. (2008). On the role of stearoyl-CoA desaturase-1 and oleic acid in metabolism.

 European Journal Lipids Science Technology, 110, 91-92. 

 

Garido-Handog, L. (1990). Oyster culture, FAO.

 http://www.fao.org/docrep/field/003/AB737E/AB737E03.htm#ch3,  Retrieved

 June 10, 2016. 

 

© C
OPYRIG

HT U
PM

http://www.fao.org/docrep/field/003/ab732e/ab732e06.htm%20Retrieved%20April%2010
http://www.fao.org/fishery/facp/MYS/en
http://www.fao.org/fishery/species/2673/en
http://www.fao.org/docrep/field/003/AB737E/AB737E03.htm#ch3


 

 56 

Gouda, R., Kenchington, E., Hatcher, B., and Vercaemer, B. (2006). Effected of locally

 isolated micro-phytoplankton diets on growth and survival of sea scallop

 (Placopecten magellanicus) larvae. Aquaculture, 259, 169-180. 

 

Green, J. C. (2007). A new species of Pavlova from Madeira. British Phycological

 Bulletin. 3(2), 299- 303.  

 

Guedes, A. C. and Malcata, F. X. (2012). Nutritional value and Uses of Microalgae in

 Aquaculture. In: Zainal Muchlisin (Ed.) Aquaculture (pp. 60-78). Rijeka, Croatia:

 In Tech. 

 

Harris, V. A. (1990). Sessile animals of the sea shore. London: Chapman and Hall.

 Helm, M., Bourne, N., and Lovatelli, A. (2004). Hatchery culture of bivalves: a

 practical manual. FAO Fisheries Technical Paper, No. 471. Rome: FAO. 

 

Izwandy, I. (2006). Pengaruh faktor-faktor persekitaran terhadap pertumbuhan dan

 kemandiriantiram komersil, Crassostrea iredalei (Faustino) di kawasan ternakan

 tiram di Kampung Telaga Nenas, Perak. Tesis MSc. Universiti Sains Malaysia.  

 

Kaplan, D., Cohen, Z., and Abeliovich, A. (1985). Optimal Growth Conditions for

 lsochrysis galbana. Biomass, 9, 37-48. 

 

Kechick, I.A. (1995). Aquaculture in Malaysia. In: T.U. Bagarinao and E.E.C. Flores

 (eds). Towards sustainable Aquaculture in Southeast Asis and Japan (pp. 125-135).

 Iloilo, Philipphines: SEAFDEC Aquaculture Department. 

 

Knauer, J., and Southgate, P.C. (1997). Growth and fatty acid composition of Pacific

 oyster (Crassotrea gigas) spat fed a spray-dried freshwatervmicroalga

 (Spongiococcum excentricum) andmicroencapsulated lipids. Aquaculture, 154,

 293- 303. 

 

Kneur, J., and Southgate, P.C. (1999). A review of the nutritional requirements of

 bivalves and the development of alternative and artificial diets for bivalve

 aquaculture. Review in Fisheries Science, 7(3&4), 241-280.  

 

Klinbunga, S. Khamnamtong, N., Tassanakajon, A., Puanglarp, N., Jarayabhand, P., and

 Yoosukh, W. (2003). Molecular genetic identification tool for three commercially

 cultured oysters (Crassostrea belcheri, Crassostrea iredalei, and Saccostrea

 cucullata) in Thailand. Marine Biotechnology, 5(1), 27-36. 

 

Kong, C. P., and Luh, L. A. (1975). Some aspects of oyster culture in Sabah, Fisheries

 Department Sabah, Ministry of Agriculture and Rural Development Malaysia. 

 

Korringa, P. (1976). Farming the cupped oysters of the genus Crassostrea. Amsterdam:

 Elsevier Scientific Publishing Company. 

 

Laing, I., and Psimopoulous, A. (1998). Hatchery cultivation of king scallop (Pecten

  maximus) spat with cultured and bloomed algal diets. Aquaculture, 169, 55-68. 

 
© C

OPYRIG
HT U

PM



 

 57 

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. 

 

Lavens, P. and Sorgeloos, P. (1996). Manual on the production and and used of live

 food for aquaculture. FAO Fisheries technical paper. No 361, Rome, FAO. Pp 47. 

 

Lopez-Elias, J. A., and Voltolina, D. (1993). Semicontinuous cultures of four

 microalgae with a non-conventional medium. Ciencias Marinas, 19, 169-180. 

 

Lovatelli, A. (1988) Status oyster culture in selected Asian countries. FAO. 

 http://www.fao.org/docrep/field/003/ab716e/AB716E02.htm Retrieved 10 April

 2016. 

 

Ludi, P.A. (2011). The use of algae concentrates, dried algae and algal substitutes to 

 feed bivalves. MAKARA, Sains, 15, 1-8. 

 

Marshall, R., McKinley, S., and Pearce, C. M. (2010). Effects of nutrition on larval

 growth and survival in bivalves. Reviews in Aquaculture, 2, 33-55. 

 

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.  

 

Martino, R.C and Cruze, G.M. (2004). Proximate composition and fatty acid content of

 the mangrove oyster Crassostrea Rhizophora along the year seasons. Brazillian

 Archieves of biology and technology, 47, 955-960. 

 

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. 

 

Md Salleh, M.T., Masazurah, A.R., and Devakie, M.N. (2004). Optimal Cytochalasin B

 for induction of triploidy in tropical oyster, Crassostrea iredalei (Faustino)

 embryos and their short term survival rate. Paper presented at the Fisheries

 symposium 2004 (Theme: Lab to Farm) Nov 28-29, at the Green Garden Inn, Sg.

 Petani, Kedah. 

 

Mead, J. F. and Fulco, A. J. (1976). The unsaturated and polyunsaturated fatty acids in

 health and disease. New York: Charles Thomas Publisher. 

 

 

© C
OPYRIG

HT U
PM

http://www.fao.org/docrep/field/003/ab716e/AB716E02.htm


 

 58 

Milke, L.M., Bricelj, V.M., and Parrish, C.C. (2004). Growth of postlarval sea scallops

 Placopecten magellanicus diets, with emphasis on the nutritional role of lipids and

 fatty acids. Aquaculture, 234, 293-317. 

 

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. 

 

Muller-Feuga, A., Robert, R., Cahu, C., Robin, J., and Divanach, P. (2003). Uses of

 microalgae in aquaculture. In J. G. Støttrup & L. A. McEvoy (Eds.), Live feed in

 marine aquaculture (pp 253-288).USA: Blackwell Science. 

 

Nair, D., Hall, R., and Angell, C. L. (1993). Small-scale oyster culture on the west

 coast of Peninsular Malaysia. Bay of Bengal Program (BOBP/REP/63). 

 

Najiah M.M., Nadirah K.L, Lee S.W., Wendy W., Ruhil H.H. and Nurul F.A. (2008)

 Bacteria flora and heavy metal in cultivated oyster Crassostrea iredalei of Setiu

 Wetland, East Coast Peninsular Malaysia. Veterinary Parasitology 132: 249-272 

 

Nakayama, T. (2015). Biology, Diversity and Ecology of Free-Living Heterotrophic

 Flagellate. In: S. Ohtsuka, T. Suzaki, T. Horiguchi, N. Suzaki, F. Not. Marine

 Protists (63-87). Springer: Japan. 

 

Ng, F. O. (1979). Experimental culture of a flat oyster (Ostrea folium L.) in Malaysian

 waters. Malaysian Agriculture Journal, 52, 103-113. 

 

Nor Idayu, A.W., Mohd Saleh, M.T., Zainodin, J., Natrah Fatin, M.I., Annie, C., Cob,

 C.Z., and Aziz, A. (2015). Early development of tropical oyster Crassotrea

 iredalei (Faustino 1932). Advance in Environmental Biology, 9(21), 1-8. 

 

O’Connor, W. A., and Heasman, M.P. (1997). Diet and feeding regimes for larval

 doughboy scallops, Mimachlamys asperrina.  Aquaculture, 158: 289-303.  

 

Okada, H. (1963). Report on oyster culture experiments in Malaysia (1960-63).

 Fisheries Department, Ministry of Agriculture and Development of Remote Area.  

 

Pauw, N. D., Morales, J., and Persoone, G. (1984). Mass culture of microalgae in

 aquaculture system: progress and constraint. In C. J. Bird, & M. Ragan (Eds.),

 Proceeding of Eleventh Internation Seaweed Symposium (pp 121-128). China:

 Hydrologia. 

 

Palmer, R.E., and William, L.G. (1980). Effect of particle concentration on filtration

 efficiency of the bay scallop Argopecten irradians and the oyster Crassostrea

 virginica. Ophelia, 19(2), 163-174. 

 

Pernet, F. and Tremblay, R. (2004). Effect of varying levels of dietary essential fatty

 acid during early ontogony of the sea scallop Placopecten magellanicus. Journal

 of Experimental Marine Biology and Ecology. 310,73-86. 

 

 

 

© C
OPYRIG

HT U
PM



 

 59 

Pernet, F., Bricelj, V. M., and Parrish, C. C. (2005). Effect of varying dietary levels of

 omega 6 polyunsaturated fatty acids during the early ontogeny of the sea scallops,

 Placopecten magellicus. Journal of Experimental Marine Biology and Ecology,

 327, 115- 133. 

 

Pettersen, A. K., Turchini, G. M., Jahangard, S., Ingram, B. A., and Sherman, C. D. H.

 (2010). Effects of different dietary microalgae on survival, growth, settlement and

 fatty acid composition of blue mussel (Mytilus galloprovincialis) larvae.

 Aquaculture, 309, 115-124. 

 

Ponis, E., Robert, R., Parisi, G., and Tredici, M. (2003). Assessment of performance of

 Pacific oyster (Crassostrea gigas) larvae fed with fresh and preserved Pavlova

 lutheri concentrates. Aquaculture International, 11, 67-79. 

 

Ponis, E., Probert, I., Véron B., Mathieu, M., and Robert, R. (2006a). New microalgae

 for the Pacific oyster Crassostrea gigas larvae. Aquaculture, 253, 618-627. 

 

Ponis, E., Probert, I., Véron B., Le Coz, J.R., Mathieu, M., and Robert, R. (2006b).

 Nutritional value of six Pavlovophyceae for Crassostrea gigas and Pecten

 maximus larvae. Aquaculture, 254, 544-553. 

 

Pouvreau, S., Jonquières, G., and Buestel, D. (1999). Filtration by the pearl oyster,

 Pinctada margaritifera, under conditions of low sestons load and small particle

 size in a tropical lagoon habitat. Aquaculture, 176, 295-314. 

 

Renaud, S.M., Thinh, L.-V., and Parrt, D.L. (1999). The gross chemical composition

 and fatty acid composition of 18 species of tropical Australian microalgae for

 possible use in mariculture. Aquaculture, 170, 147-159. 

 

Renaud, S. M., Thinh, L-V, Lambrinidis, G., And Parry, D. L. (2002). Effect of

 temperature on growth, chemical composition and fatty acid composition of

 tropical Australian microalgae grown in batch cultures. Aquaculture, 211,

 195-215.  

 

Reames, E. (2012). Nutritional benefits of seafood. 7300, Southern Regional

 Aquaculture Centre Publication.  

 

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. 

 

Rivero-Rodríguez, S., Beaumont, A.R., and Lora-Vilchis, M.C. (2007). The effect of

 microalgal diets on growth, biochemical composition, and fatty acid profile of

 Crassostrea corteziensis (Hertlein) juveniles. Aquaculture, 263, 199-210. 

 

Robert, R., and Trintignac, P. (1997). Substitute for live microalgae in mariculture: a

 review. Aquatic Living Resource, 12, 121- 130. 

 
© C

OPYRIG
HT U

PM



 

 60 

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 (Ed.), Estuarine and Marine Bivalve Mollusk Culture (pp 308-313).

 United State, CRC. Press. Inc. 

 

Sahrhage, D. and Lundbeck, J. (1992). A history of fishing. Germany: Springer-Verlag. 

 

Salvesen, I., Reitan, K.I., Skjermo, J. and Øie, G. (2000). Microbial environments in

 marine  larviculture: impacts of algal growth rates on the bacterial load in six

 microalgae. Aquaculture International, 8: 275-287. 

 

Sanchez-Lazo, C., and Martinez-Pita, I. (2014). Effects of different mono, bi and

 trispecific microalgal diets on survival, growth, development, settlement and fatty

 acid composition of mussel Mytilus galloprovincialis (Lamarck, 1819) larvae.

 Aquaculture, 426-427, 138-147. 

 

Sargent, J.R., Tocher, D.R., and Bell, J.G. (2002). The lipids, In: Halver, J.E., Hardy,

 R.W. (Eds.), Fish Nutrition, Third Edition. Elsevier, USA, pp 181-257 

 

Schmidt, E. B., Christensen, J. H., Aardestrup, I., Madsen, T., Riahi, S., Hansen, V. E.,

 and Skou, H. A. (2001). Marine n-3 Fatty Acids: Basic features and Background.

 Lipids, 36, 65-68. 

 

Soudant, P., Marty, Y., Moal, J., and Samain, J.F. (1996). Fatty acids and egg quality in

 great scallop. Aquaculture International, 4, 191-200. 

 

Soudant, P., Sanles, M.V., Quere, C., Le Coz, J.R., Marty, Y., Moal, J., Samain, J.F., and

 Sorgeloos, P. (2000). The use of lipid emulsions for sterol supplementation of spat

 of Pacific oyster, Crassostrea gigas. Aquaculture, 184, 315-326. 

 

Southgate, P.C., Lee, P.S., and Nell, J.A. (1992). Preliminary assessment of

 microencapsulated diet for larval culture of Sydney rock oyster, Saccoctrea

 commercialis (Iredale and Roughley). Aquaculture, 105, 345-352. 

 

Southgate, P. C., and Lee, P. S. (1998). Hatchery rearing of the tropical blacklip oyster

 Saccostrea echinata (Quoy and Gaimard). Aquaculture, 169, 275-281. 

 

Spaulding, S., and Edlund, M. (2008). Chaetoceros. In Diatoms of the United States.

 http://westerndiatoms.colorado.edu/taxa/genus/Chaetoceros  Retrieved April 10,

 2016 

 

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. 

 © C
OPYRIG

HT U
PM

http://westerndiatoms.colorado.edu/taxa/genus/Chaetoceros


 

 61 

Tan, S. H., and Wong, T. M. (1996). Effect of salinity on hatching, larval growth,

 survival and settling in tropical oyster Crassotrea belcheri (Sowerby).

 Aquaculture, 145, 129-139. 

 

Tan, S. H., Chang, G. O., Yen, P. K., and Peng, T. C. (2014). Oyster culture in Malaysia:

 Opportunities and challenges. Journal of Science and Technology in the Tropics,

 10(2), 99-108. 

 

Teh, C. P., Zulfigar, Y., and Tan, S. H. (2012). Epinephrine and I-DOPA promote larval

 settlement and metamorphosis of the tropical oyster, Crassotrea iredalei

 (Faustino,1932): An oyster hatchery perspective. Aquaculture, (338-341),

 260-263. 

 

Ticar, R. L., (2015). pH of raw oyster (Crassotrea iredalei) in Capiz, Philippines.

 International Journal Saintific and Research Publications, 5(7), 1-2.  

 

Thompson, P. A., Guo, M., and Harrison, P. J. (1993). The influence of irradiance on

 the biochemical composition of three phytoplankton species and their nutritional

 value for larvae of the Pacific oyster (Crassostrea gigas). Marine Biology, 117,

 259-268. 

 

Tomaselli, L. (2004). The microalgae cell. In: A. Richmond (Ed.). Handbook of

 microalgae culture: Biotechnology and Applied Phycology (3-19). Blackwell

 Publishing: Iowa, USA. 

 

Van Houtte, A. R., Bonucci, N., and Edeson, W.R. (1989). A preliminary review of

 selected legislation governing aquaculture. FAO.

 http://www.fao.org/docrep/t8582e/t8582e03.htm#1.2 the definition of aquaculture

 Retrieved April 10, 2016. 

 

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. 

 

Wallace, R. K. (2001). Cultivating the Eastern Oyster, Crassostrea virginica. 432,

 Southern Regional Aquaculture Center Publication. 

 

Wang, H., Qian, L., Liu, X., Zhang G., and Guo, X. (2010). Classification of common

 cupped oyster from Southern China. Journal of Shellfish Research, 29, 857-866. 

 

Webb, K. I., and Chu, F. E. (1983). 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. (1991). Seed production of local bivalves via hatchery techniques. Paper

 presented at the First Malaysian Applied Science Symposium held at Universiti

 Pertanian Malaysia (26-28th February 1991) 

 

© C
OPYRIG

HT U
PM



 

 62 

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., Xiang, J. (2003). Taxonomic status of four

 Crassostrea oysters from China as inferred from mitochondrial DNA sequences.

 Journal of Shellfish Research, 22, 31-38. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



 

 71 

BIODATA OF STUDENT 

 

 

Norfakhrina binti Mohd Noor was born at Jengka, Pahang on June, 1990. She began 

her education at Sekolah Rendah Jengka 19 (1997-2002) before continuing her 

secondary education at Sekolah Menengah Seri Jengka, Maran (2003-2007). In 2009, 

she entered Universiti Putra Malaysia to pursue Degree in Aquaculture. She graduated 

from Universiti Putra Malaysia in Bachelor Degree of Agriculture (Aquaculture) in 

2013. She went for training in Pertubuhan Peladang Kawasan (PPK) Mersing for four 

month from Feb 2013-Mei 2013 and she did work regarding pond culture of shrimp, 

and some marine fish. In 2014, she pursued her Master study under MyBrain 

Scholarhip, Ministry of Education in Department of Aquaculture, UPM. She did 

attachment at Fisheries Research Institute (FRI) Pulau Sayak, Kedah conducted her 

research regarding oyster for Master degree. While at FRI Pulau Sayak, she was 

offered as research assistance for 9 month in research regarding cockle culture. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 © C
OPYRIG

HT U
PM


	CHAPTER
	CONCLUSION AND RECOMMENDATIONS
	APPENDICES
	LA



