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FROM MERAMBONG SHOAL 

 

By 

 

NUR LEENA WONG WAI SIN 

 

October 2013 

 

Chairperson: Professor Aziz bin Arshad, PhD 

 

Faculty: Institute of Bioscience 

 

Placuna ephippium (Placunidae) has not been previously studied in Malaysia 

although it has been known to the local coastal communities in Pulai River Estuary, 

Johor as Senteng and has been collected for food for generations. Placuna ephippium 

has sweet and succulent meat and adductor muscle. It is a delicacy among local 

shore communities. This species was selected in this study as it has high potential as 

new aquaculture product with its great taste and durability in high impact area. The 

distribution of this species and other epifaunal bivalve in Merambong Shoal seagrass 

bed has been studied, along with the diversity and coverage of marine macrophytes, 

the sediment texture profile of Merambong Shoal, and their correlations with bivalve 

distribution. Merambong Shoal seagrass bed sediments are loamy sand and sandy in 

texture. The abundance in density and distribution of 15 epifaunal bivalve species 

from 10 families have been estimated, and the coverage of 7 seagrass species and 1 

genus of macroalgae on the shoal during low tide were calculated. Placuna 

ephippium has highest abundance in the southernmost shoal and none was found at 

the northern most station. Anadara gubernaculum was found dominant on the 

seagrass shoal and specimens found mostly on the more sheltered northern shoal. 

Modiolus philippinarum distributed only in southern shoal facing the incoming wave. 

Epifaunal bivalve abundance and macrophyte coverage were more heterogeneous in 

the southern shoal while more homogenous at the northern shoal. Spearman’s rank 

correlation coefficient tested between epifaunal bivalve abundance and macrophyte 

coverage shows weak and non-significant results. Negative correlation was observed 

between the abundance of Circe scripta and Ulva spp. coverage (P < 0.05).  

 

Temporal larval abundance of Placunidae and other bivalves were explored aiming 

to discover the natural spat fall season and explore the theory of seagrass meadow 

being a nursery for non-habitant bivalve larvae. The correlations between temporal 

bivalve larval abundance, environmental parameters and rainfall were investigated. 

Placunidae larvae were found from September 2007 to January 2008 but none was 

found in February 2008. The highest abundance of Placunidae was recorded in 

November 2007 with density 226 larvae   m
-3

. Major peak on total bivalve larval 

abundance was noticed between November 2007 and January 2008, while a low 

peak was observed in June 2007. Larvae of six bivalve families were identified by 
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umbonal shell morphology with Mytilidae larvae highest in abundance during 

November 2007 (7345 larvae m
-3

). No significant correlation was found between 

bivalve larvae abundance and seawater parameters like temperature, salinity, DO, pH 

and TSS. There are significant correlations between total larvae abundance and total 

rainfall within a week and two weeks prior to sample collection (P < 0.01). 

 

Early development of P. ephippium was recorded and described. Placuna ephippium 

broodstocks were collected during low tide in Merambong Shoal seagrass bed.  

Thermal cycling procedure had successfully induced the spawning of this species. 

The average size of the spherical eggs before fertilisation was 57.65 ± 5.97 µm in 

diameter and 90.91 ± 2.04% eggs were fertilised successfully. Embryos developed 

into straight-hinged larvae 22 hours after fertilisation. Umbo started to take shape 

from Day-2. Larval shells are inequivalve with right valve almost flat and left valve 

inflated. Larvae developed into pediveliger on Day-9 and started to form plantigrade 

on Day-11. Rapid decreases were observed in survival rate during settlement.  
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TABURAN, KEHADIRAN LARVA, PEMBIAKAN DAN PERKEMBANGAN 

AWAL TIRAM PELANA Placuna ephippium (Philipsson, 1788) DARI 

BETING MERAMBONG 

 

By 

 

NUR LEENA WONG WAI SIN 

 

Oktober 2013 

 

Pengerusi: Profesor Aziz bin Arshad, PhD 

 

Fakulti: Institut Biosains 

 

Placuna ephippium (Placunidae) belum pernah dikaji di Malaysia walaupun ia telah  

dikenali oleh komuniti pantai tempatan di Muara Sungai Pulai, Johor, sebagai 

Senteng dan telah dikutip sebagai makanan sejak dari beberapa generasi yang lepas. 

Taburan spesies ini dan siput dwicangkerang epifauna yang lain di Beting 

Merambong telah dikaji, bersama dengan diversiti dan taburan mackrofit marin, 

profil tekstur sedimen di Beting Merambong, dan hubungan Antara unsur-unsur 

tersebut dengan taburan siput dwicangkerang. Beting Merambong mempunyai 

sedimen bertekstur pasir dan pasir berlumpur. Kebanyakan dan taburan 15 spesies 

siput dwicangkerang epifauna daripada 10 famili telah dianggarkan, dan liputan 7 

spesies rumput laut dan 1 genus alga makro di beting semasa air surut telah 

dihitungkan. Placuna ephippium mempunyai density yang paling tinggi di kawasan 

hujung selatan beting tetapi tiada yang terdapat di bahagian hujung utara. Anadara 

gubernaculum merupakan spesies dominan dan kebanyakkannya dijumpai di 

bahagian utara beting yang lebih terlindung. Modiolus philippinarum pula hanya 

terdapat di bahagian selatan beting menghadap impak ombak air pasang. 

Kebanyakan siput dwicangkerang epifauna dan liputan makrofit adalah lebih 

seragam di bahagian utara beting sementara lebih berkepelbagaian di bahagian 

selatan beting. Spearman’s rank correlation coefficient yang diuji antara taburan dan 

kebanyakan siput dwicangkerang epifauna dan makrofit memperolehi keputusan 

yang lemah dan tidak ketara. Kolerasi negatif yang ketara dapat diperhatikan di 

antara kebanyakan Circe scripta dan liputan Ulva spp. (P < 0.05).  

 

Kehadiran bertempoh larva Placunidae dan siput dwicangkerang yang lain telah 

dikaji dengan tujuan untuk mengesan musim pembiakan semulajadi dan menilai 

teori yang mengatakan bahawa kawasan rumput laut menjadi nurseri untuk larva 

siput dwicangkerang yang bukan penghuni. Kolerasi di antara kehadiran larva 

Placunidae bertempoh, parameter persekitaran dan jumlah hujan telah disiasat. Larva 

Placunidae boleh dijumpai dari bulan September 2007 ke Januari 2008 tetapi tidak 

didapati  pada bulan Februari 2008. Rekod kehadiran larva Placunidae yang paling 

tinggi adalah bulan November 2007 dimana densitinya mencapai 226 larva m
-3

. 

Puncak utama kebanyakan larva siput dwicangkerang dikesan di antara November 
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2007 dan Januari 2008, sementara puncak yang rendah dikesan pada Jun 2007. Larva 

daripada enam family siput dwicangkerang telah dikecam menurut morfologi 

cangkerang berumbo dan didapati larva Mytilidae mempunyai kebanyakan yang pali 

tinggi pada November 2007 (7345 larva m
-3

). Tiada kolerasi yang ketara dijumpai di 

antara jumlah hujan dan data parameter air laut seperti suhu, saliniti, DO, pH dan 

TSS. Korelasi adalah ketara di antara kebanyakan larva dan jumlah hujan dalam 

masa seminggu dan dua minggu sebelum penyampelan (P < 0.01).  

 

Placuna ephippium telah diuji dengan beberapa cara pembiakan untuk menentukan 

protocol pembiakan yang berkesan bagi spesies ini. Spesies ini mempunyai isi dan 

otot aduktor yang manis dan berair. Ia merupakan makanan istimewa di antara 

komuniti pantai tempatan. Ia mempunyai potensi yang tinggi sebagai produk 

akuakultur yang baru dengan rasanya yang sedap dan daya ketahanannya di kawasan 

impak tinggi. Induk Placuna ephippium telah dikutip semasa air surut dari kawasan 

rumput laut Beting Merambong.  Prosedur kitaran haba telah berjaya menyebabkan 

peneluran terhadap spesies ini. Purata saiz telur yang berbentuk sfera adalah 

berdiameter 57.65 ± 5.97 µm dan 90.91 ± 2.04% telur telah berjaya disenyawakan. 

Embrio berkembang menjadi larva berengsel lurus dalam masa 22 jam selepas 

persenyawaan. Umbo mula terbentuk dari hari kedua. Cangkerang larva adalah tidak 

seimbang dengan cangkerang kanan yang leper dan cangkerang kiri lebih kembung. 

Larva berkembang menjadi pediveliger pada hari kesembilan dan mula membentuk 

plantigrade pada hari kesebelas. Kadar kehidupan didapati menurun secara 

mendadak semasa penempatan ke dasar.  
 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

vi 

 

ACKNOWLEDGEMENTS 

First of all I would like to thank the Al-Mighty, without thou nothing is possible. 

Thank you for granting me my supportive family who has been there for me in every 

decision I made.  

 

I would like to thank my dedicated supervisor, Prof. Dr. Aziz Arshad, who had 

kindly accepted me as his student, guided me through this journey, with your 

knowledge, moral and financial supports. Thank you for your encouragement, 

supporting me to explore beyond borders, and building up confidence within.  

 

This degree was not possible without the love and support given by my parents, my 

dad Wong Thye Chau and my mama Phang Chow Mooi. Thank you for your 

kindness and patience, for putting up with my stubbornness and persistence, 

especially you mama, who told me to acquire knowledge to the highest possible 

level.  

 

To my siblings who are in my hometown, Ipoh, thank you for taking care of our 

parents while I am away. Because of you, I was able to concentrate in my studies, 

knowing that our parents were well taken care of. Special thanks to my eldest sister, 

Wai Bing, thank you for your support when I needed it most, your loving kindness 

and generosity are priceless.  

 

I would like to dedicate my gratitude to the members of my supervisory committee 

members, Prof. Dr. Fatimah Md. Yusoff, Prof. Dr. Japar Sidik Bujang and Prof. Dr. 

Mazlan Abd. Ghaffar. Thank you for your generous share of knowledge, guidance 

and supports, and taking time off your busy schedule to attend to every committee 

meetings with valuable inputs. 

 

Not forgetting my best pal S.P. Lim, I am so thankful to have you in my life, sharing 

every ups and downs of my life. Thank you for each and every little thing you did to 

cheer me up when I am down. Your kindness and generosity are fully appreciated. 

Thank you. 

 

And to those who have helped me in my laboratory and field works, Mr. Perumal, 

Dora Lai, Oh Siew Yong, Nicholas Khong, Grace Ho, Dr. Hanafi, Dr. Hazel and all 

others former lab mates and students,  thank you for your help and valuable time, 

accompanying me through these years.  

 

Last but not least, special thanks to my friends and colleagues outside of UPM, 

Serina, Affendi, Jillian, Cynthia, Yoon Lee, Phooi Guan, S.N. Chen and all others 

whose names were not mentioned, thank you for your encouragement and support, 

especially Pak Long, who has been there waiting at the jetty during rain or shine, 

thank you.  

 

 

 



© C
OPYRIG

HT U
PM

vii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

viii 

 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfilment of the requirement of the requirement for the degree of Doctor 

of Philosophy. The members of the Supervisory Committee were as follows:  

 

Aziz bin Arshad, PhD 

Professor 

Faculty of Agriculture 

Universiti Putra Malaysia 

(Chairman) 

 

Fatimah Md. Yusoff, PhD 

Professor 

Faculty of Agriculture 

Universiti Putra Malaysia 

(Member) 

 

Japar Sidik bin Bujang, PhD 

Professor 

Faculty of Agriculture and Food Sciences 

Universiti Putra Malaysia Bintulu Campus 

(Member) 

 

Mazlan Abd. Ghaffar, PhD 

Professor 

Faculty of Science and Technology 

National University of Malaysia 

(Member) 

 

 

 

 

 

 

 

 

 

________________________________ 

BUJANG BIN KIM HUAT, PhD 

Professor and Dean 

School of Graduate Studies 

Universiti Putra Malaysia 

 

Date:  

 

 

 

  



© C
OPYRIG

HT U
PM

ix 

 

Declaration by graduate student 

 

I hereby confirm that: 

 this thesis is my original work; 

 quotations, illustrations and citations have been duly referenced; 

 this thesis has not been submitted previously or concurrently for any other degree 

at any other institutions; 

 intellectual property from the thesis and copyright of thesis are fully-owned by 

Universiti Putra Malaysia, as according to the Universiti Putra Malaysia 

(Research) Rules 2012; 

 written permission must be obtained from supervisor and the office of Deputy 

Vice-Chancellor (Research and Innovation) before thesis is published in book 

form; 

 there is no plagiarism or data falsification/fabrication in the thesis, and scholarly 

integrity is upheld as according to the Universiti Putra Malaysia (Graduate 

Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia 

(Research) Rules 2012. The thesis has undergone plagiarism detection software. 

 

 

Signature: ________________________        Date: ________________________ 

 

Name and Matric No.:  Nur Leena Wong Wai Sin (GS17722) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

x 

 

Declaration by Members of Supervisory Committee 

 

This is to confirm that: 

 the research conducted and the writing of this thesis was under our supervision;  

 supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate 

Studies) Rules 2003 (Revision 2012-2013) are adhered to. 

 

 

 

 

Signature: ___________________  Signature: ___________________ 

Name of 

Chairman of 

Supervisory 

Committee: ___________________ 

 Name of 

Chairman of 

Supervisory 

Committee: ___________________ 

     

Signature: ___________________  Signature: ___________________ 

Name of 

Chairman of 

Supervisory 

Committee: ___________________ 

 Name of 

Chairman of 

Supervisory 

Committee: ___________________ 

 

 

 

 

 

 

 

 

 

 

 

 

  



© C
OPYRIG

HT U
PM

xi 
 

TABLE OF CONTENTS 

 

 Page 

ABSTRACT ii 

ABSTRAK iv 

ACKNOWLEDGEMENTS vi 

APPROVAL  vii 

DECLARATION  ix 

LIST OF TABLES xiv 

LIST OF FIGURES xvi 

LIST OF ABBREVIATIONS xx 

 

 

CHAPTER 

 

1 INTRODUCTION 1 

 1.1  Background of the Study 1 

 1.2  Statement of Problems 1 

 1.3  Significance of the Study 2 

 1.4  Objectives 3 

   

2 LITERATURE REVIEW 4 

 2.1  Saddle Oyster Placuna ephippium 4 

 2.2  Macrophytes, Bivalves and Sediment Profile 4 

 2.3  Bivalve Larval Temporal Abundance and Diversity 8 

 2.4  Induced Spawning Techniques for Bivalves 9 

 2.4.1  Induced Spawning Techniques for Bivalves 9 

 2.4.2  Embryonic Development 10 

 2.4.3  Larval Rearing 11 

   

3 GENERAL METHODOLOGY 12 

 3.1  Sampling Location 12 

 3.2  Water Quality 23 

   

4 DISTRIBUTION OF Placuna ephippium AND 

BIODIVERSITY OF MERAMBONG SEAGRASS 

ECOSYSTEM 

14 

 4.1  Introduction 14 

 4.2  Materials and Methods 16 

 4.2.1  Sediment Profile  

4.2.1.1  Sample Collection 

4.2.1.2  Pre-treatment for Organic Matter 

Removal 

4.2.1.3  Particle Size Analysis 

16 

16 

16 

 

17 

 4.2.2  Epifaunal Bivalve Diversity and Distribution 19 

 4.2.3  Macrophytes Coverage 

4.2.3.1  Percentage Cover 

4.2.3.2  Dominance 

20 

21 

21 

 4.3  Results 22 

 4.3.1  Sediment Profile 22 



© C
OPYRIG

HT U
PM

xii 
 

 4.3.2  Distribution of Placuna ephippium and other    

Epifaunal Bivalves 

23 

 4.3.3  Macrophytes Coverage 33 

 4.3.4  Correlations Analysis 38 

 4.3.5  Physical Contribution of Epifaunal Bivalves in 

Merambong Seagrass Bed 

40 

 4.4  Discussion 44 

   

5 TEMPORAL LARVAL ABUNDANCE FOR 

PLACUNIDAE AND OTHER BIVALVE 

48 

 5.1  Introduction 48 

 5.2  Materials and Methods 48 

 5.2.1  Bivalve Larvae Collection 48 

 5.2.2  Sample Volume Calculation 49 

 5.2.3  Total Suspended Solids (TSS) 49 

 5.2.4  Larval Sorting and Identification 49 

 5.2.5  Statistical Analysis 50 

 5.3  Results 50 

 5.3.1  Water Parameters 

5.3.1.1  Seawater Temperature 

5.3.1.2  Salinity 

5.3.1.3  Dissolved Oxygen (DO) 

5.3.1.4  pH 

5.3.1.5  Total Suspended Solids (TSS) 

50 

50 

50 

50 

51 

51 

 5.3.2  Rainfall 53 

 5.3.3  Temporal Bivalve Larval Abundance 53 

 5.3.4  Larval Groups and Abundance 

5.3.4.1 Family  Placunidae 

5.3.4.2  Family Anomiidae 

5.3.4.3  Family Ostreidae 

5.3.4.4  Family Mytilidae 

5.3.4.5  Family Teredinidae 

5.3.4.6  Family Pinnidae 

57 

57 

62 

62 

62 

62 

63 

 5.3.5  Larvae Abundance and Seawater Parameters 63 

 5.4  Discussion 65 

   

6 INDUCED SPAWNING AND EARLY 

DEVELOPMENT OF Placuna ephippium  

69 

 6.1  Introduction 69 

 6.2  Materials and Methods 69 

 6.2.1  Broodstock Collection 69 

 6.2.2  Microalgae Culture 69 

 6.2.3  Induced Spawning 

6.2.3.1  Thermal Stimulation 

6.2.3.2  Photochemical Stimulation 

6.2.3.3  Thermal Cycling Procedure 

70 

70 

71 

71 

 6.2.4  Embryonic Development 71 

 6.2.5  Larval Rearing and Development 72 

 6.2.6  Larval Settlement 72 

 6.3  Results 72 



© C
OPYRIG

HT U
PM

xiii 
 

 6.3.1  Induced Spawning 72 

 6.3.2  Embryonic Development 74 

 6.3.3  Larval Development 79 

 6.3.4  Post Settlement 84 

 6.4  Discussion 84 

   

7 GENERAL DISCUSSION AND CONCLUSION 87 

 7.1  Discussion 87 

 7.2  Conclusion 89 

   

REFERENCES 91 

APPENDICES 106 

A Soil Texture Composition Defined by the USDA (United 

States Department of Agriculture) Textural Triangle 

106 

B Composition of Conway Medium 108 

   

BIODATA OF STUDENT 109 

LIST OF PUBLICATIONS 110 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xiv 
 

LIST OF TABLES 

Table  Page 

4.1 Udden-Wentworth grain-size scale for siliciclastic sediment 

(Wentworth, 1922). 

 

18 

4.2 Index table used to indicate degree of seagrass/seaweed 

coverage (Saito and Atobe, 1970). 

 

21 

4.3 Sediment texture for each core along every transect and the 

summarised outcome for each station on Merambong Shoal. 

 

22 

4.4 Total number of epifaunal bivalves collected from each 

station (750 m
2
) on Merambong Shoal, Johor.  

 

23 

4.5 Ecological indices calculated for epifaunal bivalve from 

each station at Merambong Shoal, Johor.  

 

24 

4.6 Species abundance from eastern shoal (P1) to western shoal 

(P5) of Merambong Shoal. 

31 

   

4.7 Ecological and diversity indices calculated for epifaunal 

bivalve collected from east to west sections of the shoal.  

31 

   

4.8 Marine macrophytes recorded from each sampling station in 

Merambong Shoal, Johor. 

 

34 

4.9 Spearman’s Rank correlation coefficient (r
2
) of four most 

abundance bivalve and macrophytes species in Merambong 

Shoal seagrass ecosystem. 

 

39 

4.10 A comparison between sediment texture, epifaunal diversity 

index and the number of macrophyte species found in each 

sampling station.  

 

40 

5.1 Spearman’s Rank correlation coefficient (r
2
) between 

seawater parameters in Merambong Shoal seagrass 

ecosystem.  

 

64 

5.2 Spearman’s Rank correlation coefficient (r
2
) of seawater 

parameters and bivalve larvae abundance in Merambong 

Shoal seagrass ecosystem. 

 

64 

5.3 Spearman’s Rank correlation coefficient (r
2
) of rainfall data 

and bivalve larvae abundance in Merambong Shoal seagrass 

ecosystem. 

 

65 

6.1 Timing of the embryonic development of P. ephippium in 

laboratory. 

 

79 



© C
OPYRIG

HT U
PM

xv 
 

6.2 Summary of P. ephippium larval development major 

features at 25-27
o
C and 31-33 ppt. 

80 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xvi 
 

LIST OF FIGURES 

Figure  Page 

3.1 The location of Merambong Shoal (circled) located at Pulai 

River Estuary along Johor Straits. 

 

13 

4.1 (a) An aerial view of Merambong Shoal seagrass bed during 

low tide (0.2m). (b) Figure shows the location of sampling 

stations (St. 1 to St. 6), transects (T1-T18) along the shoal, 

and each transect was separated into five parts (P1-P5).   

 

15 

4.2 Perspex core was used to collect sediment depth down to  

10 cm for sediment texture analysis.  

 

16 

4.3 (a) All epifaunal bivalves were collected by visual and 

touch. (b) An example of quadrate for the estimation of 

macrophyte coverage.  

 

20 

4.4 Marine bivalve species found on Merambong seagrass bed. 

(a) Anadara gubernaculum (b) Circe scripta (c) Placamen 

isabellina 

 

25 

4.4 Marine bivalve species found on Merambong seagrass bed. 

(d) Placuna ephippium I Pinctada fucata 

 

26 

4.4 Marine bivalve species found on Merambong seagrass bed. 

(f) Modiolus philippinarum (g) Atrina vexillum 

 

27 

4.4 Marine bivalve species found on Merambong seagrass bed. 

(h) Pinna bicolor (i) Mactra mera (j) Chlamys sp. 

 

28 

4.5 Hierarchical cluster dendrograms based on Bray-Curtis 

similarity analysis on epifaunal bivalve diversity and 

abundance (St. 1 to St. 6). 

 

29 

4.6 Multidimensional Scaling (MDS) matrix showing epifaunal 

bivalve diversity distance between stations (St. 1 to St. 6). 
 

30 

4.7 Hierarchical cluster dendrograms based on Bray-Curtis 

similarity analysis on epifaunal bivalve diversity and 

abundance (P1 to P5).  

 

32 

4.8 Multidimensional Scaling (MDS) matrix showing epifaunal 

bivalve diversity distance between parts on transects (P1 to 

P5). 
 

32 

4.9 

 

Coverage (%) of macrophytes in each station in Merambong 

Shoal, Pulai River Estuary, Johor.  

 

35 

   



© C
OPYRIG

HT U
PM

xvii 
 

4.10 Species composition of macrophytes in each station in 

Merambong Shoal, Straits of Malacca. 

 

36 

4.11 Hierarchical cluster dendrograms based on Bray-Curtis 

similarity analysis on macrophytes coverage for each station 

(St. 1 to St. 6). 

 

37 

4.12 Multidimensional Scaling (MDS) matrix showing 

macrophytes coverage distance between stations (St. 1 to St. 

6). 

 

38 

4.13 Epifaunal bivalves were used as attachment substrate by 

other plants and invertebrates in Merambong Shoal. (a) 

Placuna ephippium 1- Thais sp. Laying egg capsules, 2- 

Tubed polychaete colony, 3- Barnacle. (b) Placuna 

ephippium 1- Egg capsules of Melongena sp., 2- Brown 

seaweed.  

 

41 

4.13 Epifaunal bivalves were used as attachment substrate by 

other plants and invertebrates in Merambong Shoal. I 

Pinctada fucata 1- Brown seaweed, 2- Barnacle. (d) 

Pinctada fucata 1- Turnicate, 2- Tubed polychaete colony. 

 

42 

4.13 Epifaunal bivalves were used as attachment substrate by 

other plants and invertebrates in Merambong Shoal. I Pinna 

bicolor 1- Tubed polychaete, 2- Egg capsules of Thais sp., 3- 

Brown seaweed. (f) Circe scripta 1- Seaweed, 2- Barnacle 

colony. (g) Mactra mera 1- Barnacle. 

 

43 

5.1 Seawater parameters during sample collection from May 

2007 to April 2008 in Merambong Shoal seagrass 

ecosystem.  

 

52 

5.2  Daily rainfall data for May 2007 to April 2008 recorded in 

Senai meteorological station, Johor obtained from Malaysian 

Meteorological Department.  

 

54 

5.3 Monthly accumulated rainfall data from May 2007 to April 

2008 recorded in Senai meteorological station, Johor. 

Dashed line marked the average monthly rainfall 287.8 mm. 

 

55 

5.4 Temporal bivalve larvae abundance in Merambong Shoal 

seagrass ecosystem from May 2007 to April 2008.  

 

56 

5.5 Bivalve larvae identified to Family level, (a-b) family 

Placunidae (c-d) family Anomiidae, byssal notch (bn) 

presents on anteroventral margin, (e-f) family Ostreidae, 

prominent umbo presents on left valve.  
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5.5 Bivalve larvae identified to Family level, (g-i) family 

Mytilidae, anterior end (ae) is relatively narrower than 

posterior end (pe) of the shell, (j) family Teredinidae, nearly 

spherical in shape, (k) family Pinnidae, triangular shaped.  
 

59 

5.6 The abundance of bivalve larvae identified to family level in 

Merambong Shoal waters between September 2007 and 

February 2008.  
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5.7 The abundance of bivalve larvae identified to family level in 

Merambong Shoal waters between September 2007 and 

February 2008, presented in logarithmic scale (Axis Y 

minimum = 1). 

 

61 

6.1 The culture system comprises a glass tank set up for induced 

spawning. (1) thermometer, (2) aerator, (3) black plastic 

sheets pasted on the back of the glass tank, (4) immersion 

water heater, and (5) artificial seawater (31 ppt). 

 

70 

6.2 Spawning of P. ephippium. (a) Female gametes (eggs) are 

yellowish in colour. Some might clumped and sink to the 

bottom after discharged while some non-clumping eggs are 

suspended in water medium. (b) Male gametes (sperms) are 

release in thin stream.  

 

73 

6.3 Early development of P. ephippium. (a) Fertilised egg. (b) 

Cleavage separating two unequal blastomeres. (c) Second 

cleavage results in four blastomeres. (d) Successive 

cleavages separating more blastomeres. 

 

75 

6.3 Early development of P. ephippium. (e-f) Successive 

cleavages separating more blastomeres, (g) Cilia start 

forming on surface. (h) Early Gastrula starts rotating with 

beating cilia. 
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6.3 Early development of P. ephippium. (i) Late gastrula with 

invagination. (j-k) Early trochophore. (l) Velum starts 

forming on one side. *p – prototroch, te – telotroch, v – 

velum.  
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6.3 Figure 6.3 (continued): Early development of P. ephippium. 

(m) Initial hinge line is formed (arrow). (n) Early shells are 

visible. Hinge line delineated by arrow heads. (o) Straight 

hinge formed (arrow). PI is visible. (p) PII developing. Line 

marking the separation of PI and PII can be clearly seen 

(arrow). (q-r) Larvae have slightly inequivalve with flat right 

valve and weakly inflated left valve. *te – telotroch, v – 

velum.  
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6.4 Larval development of P. ephippium. (a) Day-2 larva. (b) 

Day-3 larva, early umbone stage. (c) Day-5 larva, umbone 

stage.  (d) Day-7 larva, late umbone stage. *A – anterior, P- 

posterior, U – umbo, V- velum.   

81 

   

6.4 Larval development of P. ephippium. (e) Day-9 pediveliger 

with foot extended from valves gap (arrow). (f) Day-11 

plantigrade. Fully competent to settle. *A – anterior, P- 

posterior, U – umbo, V- velum. 
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6.5 Placuna ephippium larval size in length (µm) and height (µm). 
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6.6 Survival rate (%) of P. ephippium larvae. 
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6.7 Two month old spat of P. ephippium.  
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LIST OF ABBREVIATIONS 

 

cm  = centimeter 

o
C  = degree Celsius 

ppt  = parts per thousand 

TSS  = Total suspended solids 

gL
-1

  = grams per Litter 

km  = kilometer 

DO  = Dissolved oxygen 

Cells mL
-1

 = cells per milliliter  

µm  = micrometer 

mgL
-1

  = milligram per litter 

m   = meter 

knot  = nautical mile per hour 

mL  = milliliter 

M  = molar 

UV  = Ultra-violet  

L  = litter 

ha   = hectare 

m
3
  = cubic meter 

mm  = millimeter 

ppm   =  parts per million 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background of the Study 

 

Placuna ephippium is normally found laying flat on the sediment in Merambong 

Shoal and has been collected by the local coastal communities as food. Fishermen 

normally collect this species for self consume and rarely put up for trade. It has a 

single abductor muscle with bright orange gonad similar to those found in scallop. 

However, unlike Placuna placenta, the commercially exploited window-pane shell, 

little is known about this species and there is no previous study on this species in 

Malaysia. The natural reproduction cycle and biology of this species still remains 

unexplored.  

 

The seagrass bed of Merambong was described as a sub-tidal shoal which is 

important in biodiversity, a traditional fishing ground supporting the local coastal 

population, a collecting site for gastropods and bivalves, a nursery ground for 

invertebrates and vertebrates, and a feeding ground for dugong and birds (Japar Sidik 

et al., 2006). It has been providing major food and income for generations of 

fishermen in Pulai River estuary. About 70-76 species of fish in 41 families have 

been observed in this site and the adjacent mangrove areas (Sasekumar et al., 1989), 

and 35 species of commercial importance (Arshad et al., 2001). This valuable 

ecosystem has major market and non-market economic values in fisheries, raw 

materials research, shoreline protection, carbon sequestration and as an important 

contributor in biodiversity (MPP-EAS, 1999). It also play an important ecological 

role with the long seagrass blades in controlling water quality and reduces water 

turbidity as seagrass leaf canopies are able to reduce particle resuspension (Terrados 

and Duarte, 2000). Other than that, with only as many as 14 seagrass species in 

Tropical Indo-Pacific, a region where seagrass diversity is the highest in the world 

(Short et al., 2007), Tanjung Adang-Merambong is one of sites with highest seagrass 

diversity where 10 species were recorded in this site while only 12 species were 

recorded throughout Malaysian waters (Japar Sidik et al., 2006).  

 

1.2 Statement of Problems 

 

Despite the undeniable richness and importance of Merambong seagrass ecosystem, 

due to rapid and heavy development activities in the surrounding area, and with the 

increasing number of people utilizing the coast and adjacent waters, this ecosystem 

is currently under serious threats (Japar Sidik et al., 2006).  It has also been exposed 

to inevitable threats due to the nearby commercial shipping port, Pelabuhan Tanjung 

Pelepas, at the river mouth of Pulai River. Across the border, land reclamation has 

been active in Tuas – Jurong area since late 1990’s until 2011 may have resulted in 

sedimentation and burial of seagrass bed (Japar Sidik et al., 2006). Sedimentation 

and suspended sediments are major human impacts on tropical seagrass beds (Short 

et al., 2007). Changes of seagrass landscapes have been observed by the local fishing 

community but were not documented. Edible mollusc with aquaculture potential 

such as P. ephippium is facing the threat of losing habitat which could be a lost to 

the local aquaculture industry if they are being wiped out before any research has 

been done on their association with other species in this ecosystem. There are urgent 
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needs to document the landscape, distribution and abundance of both marine fauna 

and macrophytes of Merambong seagrass bed, and bivalve larvae which took shelter 

in this seagrass ecosystem during their planktonic stage.  

 

In local scale, epifaunal molluscs made up part of the daily protein source and 

household income for the Pulai River estuary shore communities, while in larger 

scale, marine molluscs are delicacies in seafood restaurants throughout Malaysia but 

the local markets still mainly rely on wild stocks or imports. Mollusc culture is 

relatively less established in Malaysia compares to other Southeast Asia countries 

with Annual Fisheries Statistics 2009 (Anon., 2009) documenting only 3 types of 

mollusc cultured in Malaysia for the local food market: P. viridis (green-lipped 

mussel), Anadara granosa (blood cockle) and Crassostrea spp. (edible oysters). 

There is a need in search for new potential culture species in order to expand 

Malaysia mollusc culture industry. High priority should be given to species that 

grow rapidly, tasty, not cannibalistic, hardy, and inexpensive to culture when looking 

for new potential culture species (Mann, 1984) such as P. ephippium.  

 

Many marine bivalve culture farms started their culture by collecting bivalve seeds 

from the wild. The practice of seed collecting can benefits small scale local farmer 

while providing sustainable seafood source to the local community either for self-

consumption or trade. However, bivalve spawning and spatfall seasons are never 

documented in Pulai River estuary areas. It is essential to find out the spawning 

season of marine bivalve in the respective area to facilitate effective seed collection.   

 

 

1.3 Significance of the Study 

 

The study on the spawning and early development of Placuna ephippium 

(Philipsson, 1788), a local delicacy with sweet succulent meat and adductor muscle 

opens the possibilities of discovering and promoting new aquaculture species while 

provide sustainable product and reduce the dependence on wild harvesting.  

 

The study will help fill in the knowledge gap on P. ephippium in Malaysia, and 

Merambong seagrass ecosystem within the unique environment in Pulai River 

estuary. Distribution and diversity of marine macrophytes and epifaunal bivalves 

will provide insights on how sediment profile and environment shape the landscape 

of this seagrass bed while providing baseline data for future investigation on the 

changes of this ecosystem. The research output will promote better understanding on 

the interactions and correlations between marine macrophytes and epifaunal 

bivalves. Temporal bivalve larvae abundance study will acknowledge the nursery 

status of seagrass meadow for residence and non-residence bivalve larvae. At the 

same time, it could provide valuable information on the best timing on setting up 

spat collectors in the area. This is essential in helping local fishermen starting up 

small scale mollusc culture farms by collecting spats during spawning season.  
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1.4 Objectives 

 

Thus, the objectives of this research were to: 

a. estimate the abundance and distribution of Placuna ephippium, other epifaunal 

bivalves and marine macrophytes coverage in Merambong Shoal seagrass bed. 

b. explore the correlation between P. ephippium, epifaunal bivalves, marine 

macrophytes coverage and sediment profile in Merambong Shoal. 

c. determine temporal abundance and diversity for the larvae Placunidae and other 

bivalves  in Merambong Shoal seagrass ecosystem. 

d. establish induce spawning and culture protocol for potential aquaculture species 

P. ephippium.  

e. observe the early development and life cycle of P. ephippium for aquaculture 

purposes. 
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