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ABSTRACT 

Severe overfishing and stock depletion of worldwide sea cucumber has encouraged 
the development of sea cucumber aquaculture. Five species of local microalgae were 
cultured prior to larval and juvenile rearing as the main food source. Results for mass 
culture showed that they can be cultured outdoor which yielded a higher volume 
production than indoor culture. Culture in polythene bag showed a significant 
difference in growth compared to carboy culture and subsequently resulted in shorter 
harvest period. Adult H. scabra were collected from wild and subjected to two 
spawning induction method namely the thermal stimulation and dry-algae stimulation. 
Thermal stimulation was proven to be the best method by producing about 1.7 million 
eggs. Early auricularia larvae were observed 48 h after fertilization and were fed on 
mix microalgal culture. Auriculariae larvae transformed into dolilaria larvae after 11th 
day fertilization and the non feeding doliolaria metamorphosed into creeping 
pentactulae after 17th day. The survival rate of 4.2 % was achieved. Juveniles were fed 
with mixture of microalgae, sea weed and spirulina according to their growth stages. 
Average growth rate was 0.8 mm per day. Survival rate in the juvenile rearing tank 
was 32%. After 60 days of tank cultivation, juveniles reached 20 mm and were 
transferred either to hapanet or outgrow pond at 200 animals/m2. Total loss was 
observed in the hapanet while good growth was observed in the outgrow pond with 
survival rate of 36%. Juveniles reached average weight of 270 g after 3 months of 
outgrow pond cultivation. Growth was generally inversely proportional to the stocking 
density. Higher survival rate and better growth was observed in pond with lesser 
stocking density.  
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 خلاصة البحث
 
 

أجبر الإفراط شدید في صید خیار البحر واستنزاف مخزونھ في جمیع أنحاء العالم إلى تنمیة 
أنواع من الطحالب المحلیة كمصدر للغذاء  5وتطویر الاستزراع المائي لخیار البحر. تم استنبات 

أظھرت نتائج الاستزراع المكثف أنھ من الممكن   قبل تربیة خیارات البحر الیافعة ویرقاتھا.
استزراع خیار البحر في الخارج وبمحصول انتاجي أكبر من الاستزراع الداخلي في الأماكن 
المغلقة. أظھر الاستزراع في أكیاس البولیثین فارقا ملحوظا في النمو مقارنة بالاستزراع في 

تم جمع كبار الھیلوثریا سكابرا الدامجانات الزجاجیة مسفرة عن فترة حصاد أقصر. 
)Holothuria scabra(  بریا وتعریضھا للتفریخ الصناعي بطریقة التحفیز الحراري والتحفیز

ملیون بیضة. تحولت  1.7ي بالطحالب الجافة. التحفیز الحراري كان الأكثر تأثیرا، منتجا حوال
في الیوم الحادي  )dolilaria larvae(إلى یرقات برمیلیة  )Auriculariae larvae( الیرقات الأذینیة

إلى  )non-feeding doliolaria(الیرقات البرمیلیة العدیمة التغذیة  عشر بعد التلقیح، وتحولت
في الیوم السابع عشر. كان معدل البقاء على  )creeping pentactulae(یرقات خماسیة اللوامس 

عة مزیجا من الطحالب، والأعشابا البریة، . تم إطعام خیارات البحر الیاف%4.2 قید الحیاة حوالي
ملم في الیوم. معدل البقاء على قید  0.8والسبیرولینا وفقا لمراحل نموھا. كان معدل النمو حوالي 

یوما من الاستزراع في الخزانات،  60. بعد %32الحیاة في خزان خیارات البحر الیافعة كان 
قلت بعد ذلك إلى أقفاص ھابا الشبكیة و إلى ملم و ن 20وصل طول خیارات البحر الیافعة إلى 

حیوان لكل متر مربع. لوحظت الخسارة الكلیة في أقفاص ھابا  200 البرك المفتوحة بكثافة معدلھا
. وصل متوسط وزن %36 الشبكیة، أما في البرك المفتوحة فكان النمو جیدا بمعدل بقاء حوالي

شھور من الاستزراع في البرك المفتوحة. بشكل عام،  3 غم بعد 270 خیار البحر الیافع إلى
تناسب النمو عكسیا مع كثافة التخزین، وقد لوحظ ارتفاع معدل البقاء على قید الحیاة والنمو 

 الأفضل في البرك ذات كثافة تخزین أقل.
 

 

 

 

 

iii 



 

APPROVAL PAGE 

The thesis of Nurzafirah Mazlan has been approved by the following: 

 

 

_____________________________ 
Ridzwan Hashim 

Supervisor 
 
 
 

_____________________________ 
 Mohamad Kamil Abdul Rashid 

Internal Examiner 
 
 
 

_____________________________ 
Mazlan Abdul Ghaffar 

External Examiner 
 

 
_____________________________ 

Aileen Tan Shau Hwai 
External Examiner 

 

 
_____________________________ 

Shahbudin Saad 
Chairman 

  

iv 



 

DECLARATION 

I hereby declare that this dissertation is the result of my own investigations, except 

where otherwise stated. I also declare that it has not been previously or concurrently 

submitted as a whole for any other degrees at IIUM or other institutions. 

 

Nurzafirah Mazlan  

 

Signature ...........................................................              Date .........................................  

v 



 

                                                                              
INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA 

 
 

DECLARATION OF COPYRIGHT AND AFFIRMATION 
OF FAIR USE OF UNPUBLISHED RESEARCH 

 
 

INDUCED SPAWNING, LARVAL REARING AND JUVENILE 
GROWOUT OF SEA CUCUMBER (Holothuria scabra) IN 

KUDAT 
 
 
I declare that the copyright holders of this thesis/dissertation are jointly owned by 

the student and IIUM. 
 

Copyright © 2016 by Nurzafirah Mazlan and International Islamic University Malaysia. All rights 
reserved. 

 
No part of this unpublished research may be reproduced, stored in a retrieval 
system, or transmitted, in any form or by any means, electronic, mechanical, 
photocopying, recording or otherwise without prior written permission of the 
copyright holder except as provided below 
 

1. Any material contained in or derived from this unpublished research 
may be used by others in their writing with due acknowledgement. 

 
2. IIUM or its library will have the right to make and transmit copies 

(print or electronic) for institutional or academic purposes. 
 
3. The IIUM library will have the right to make, store in a retrieval 

system and supply copies of this unpublished research if requested by 
other universities and research libraries. 

 
By signing this form, I acknowledged that I have read and understand the IIUM 
Intellectual Property Right and Commercialization policy. 
 
 
 
 
Affirmed by Nurzafirah Mazlan 
 
 
 

…………………………….                     ……………….. 
     Signature                                                   Date 

 

vi 



 

ACKNOWLEDGEMENTS 

Alhamdulillah.  

All praise be to Allah. 

To my supervisor, Prof. Dato Paduka Dr. Hj. Ridzwan Hashim, I am deeply gratitude 
by your tireless guidance and patience with this humble student of yours. Thank you 
for giving me lots of opportunity through this and other projects. Your unwavering 
enthusiasm in research inspires me. 

To BJA staff, Mr Cedric Wong King Ti, Jak, Jeab, Aini, Joseph, Tim, Shane, Phil, 
Yong, Paul, Omeng, Timah, Tiffany and others, this thesis and all the works in here 
are possible only with strong collaboration between industry and academia. Thank you 
for the hard work, the facilities and hospitality during those two years.  

To Dr Beni Giraspy, MOSTI especially Prof Dr Noraini, KoNelayan Sabah, 
aquaculture companies, local fishermans, I am grateful for the wealth of knowledge 
shared and the technical assistance. Will never forget the sharing sessions we always 
had for every meetings. 

To the villagers at Kg Limau limauan, who treated me like a family, I am deeply 
thankful and moved with your kindness. Thank you for the help and cooperation 
especially during the community project. 

To my friends: Wanis, thank you for always being there. Aini, may we never forget 
our precious time there. Intan, Bad, Iza, Aunty, Shasha, Ally, thank you for the 
warmth welcome during my stay at Sabah. Sisters from PG, I had a wonderful time in 
Kuantan because of you guys! There are a lot of people whose name may not be 
enumerated but your contributions are sincerely appreciated. 

Above all, I am thankful to my loving parents and family whose value to me only 
grows with age. Thank you, Mak, Abah. 

May Allah bless us. 

  

vii 



 

TABLE OF CONTENTS 

Abstract .................................................................................................................... ii 
Abstract in Arabic .................................................................................................... iii 
Approval Page .......................................................................................................... iii 
Declaration ............................................................................................................... v 
Copyright Page ......................................................................................................... vi 
Acknowledgements .................................................................................................. vii 
List of Tables ........................................................................................................... x 
List of Figures .......................................................................................................... xi 
List of Abbreviations…………………………...……………..…………..….…….xv 
 
CHAPTER ONE:  INTRODUCTION ................................................................. 1 

1.1 Introduction............................................................................................. 1 
1.2 Significance of Study .............................................................................. 4 
1.3 Objectives of Study…………………… …………………………… ...5 
 1.2.1 General Objectives ........................................................................ 5 
 1.2.2 Specific Objectives ........................................................................ 5 

 
CHAPTER TWO:  LITERATURE REVIEW .................................................... 6 

2.1 Introduction to Sea cucumber ................................................................. 6 
2.2 Sea cucumber of Malaysia ...................................................................... 7 
2.3 The Importance of Sea cucumber ........................................................... 7 
2.4 Overexploitation of Sea cucumber ......................................................... 9 
 2.4.1 Exploited Species .......................................................................... 10 
 2.4.2 Overview of Holothuria scabra .................................................... 10 
2.5 Sea cucumber Aquaculture ..................................................................... 12 
 2.5.1 Fishery Management ..................................................................... 12 
 2.5.2 Broodstock Management ............................................................... 13 
 2.5.3 Spawning Induction ....................................................................... 14 
 2.5.4 Larval Rearing ............................................................................... 16 
 2.5.5 Larval and Early Juvenile Culture ................................................. 18 
 2.5.6 Juvenile Rearing ............................................................................ 19 
 2.5.7 Juvenile Growout ........................................................................... 24 
          2.5.7.1 Pond Growout .................................................................... 24 
               2.5.7.2 Farming in Sea pens .......................................................... 26 
2.6 Spawning Trial........................................................................................ 28 
2.7 Sea cucumber Aquculture in Malaysia ................................................... 29 
2.8 Sea cucumber Nutrition .......................................................................... 30 
 2.8.1 Microalgae ..................................................................................... 30 
            2.8.1.1 Microalgae as a Sea cucumber Diets ............................... 30 
            2.8.1.2 Microalgae Culture Systems ............................................ 32 
            2.8.1.3 Culture Contaminants ...................................................... 34 
 

CHAPTER THREE:  MICROALGAE PRODUCTION ................................... 36 
3.1 Introduction............................................................................................. 36 
3.2 Material and Method............................................................................... 38 

viii 



 

 3.2.1 Isolation and Identification of Microalgae .................................... .38 
 3.2.2 Monoalgae Culture ........................................................................ .49 
 3.2.3 Algae Culture in Polycarbonate Carboy and Polythene Bag ......... .40 

       3.2.4 Statistical analysis ……………………………………………..... 40 
3.3 Results .................................................................................................... .41 
 3.3.1 Isolation and Identification of Microalgae .................................... .41 
 3.3.2 Mass Culture of Microalgae .......................................................... .41 
3.4 Discussion ............................................................................................... .46 
3.5 Conclusion .............................................................................................. .49 

 
CHAPTER FOUR:  INDUCED SPAWNING AND LARVAL REARING 
OF SEA CUCUMBER (Holothuria scabra) ......................................................... .50 

4.1 Introduction............................................................................................. .50 
4.2 Material and Method............................................................................... .51 
 4.2.1 Broodstock Collection and Management ...................................... .51 
 4.2.2 Induced Spawning ......................................................................... .52 
          4.2.2.1 Thermal Stimulation .......................................................... .52 
          4.2.2.2 Stimulation Through Dry Algae ........................................ .52 
 4.2.3 Larval Rearing ............................................................................... .53 
4.3 Results .................................................................................................... .55 
4.4 Discussion ............................................................................................... .62 
4.5 Conclusion .............................................................................................. .68 

 
CHAPTER FIVE:  JUVENILE CULTURE AND GROWOUT .......................  69 

5.1 Introduction.............................................................................................  69 
5.2 Material and Method...............................................................................  70 
 5.2.1 Tank Preparation ...........................................................................  70 
 5.2.2 Settlement Plate Preparation ..........................................................  70 
 5.2.3 Larval Stocking .............................................................................  71 
 5.2.4 Floating Hapanet ...........................................................................  73 
 5.2.5 Pond Growout and Sea Ranching ..................................................  74 
5.3 Result ......................................................................................................  75 
5.4 Discussion ...............................................................................................  81 
5.5 Conclusion ..............................................................................................  86 

 
CHAPTER SIX:  CONCLUSION AND RECOMMENDATION .....................  87 

6.1 Conclusion ..............................................................................................  87 
6.2 Future Work ............................................................................................  89 

 
 
REFERENCES .......................................................................................................  91 
 
APPENDIX A:  LOCATION OF THE SEA CUCUMBER HATCHERY AT 

KG LIMAU LIMAUAN, KUDAT, SABAH, MALAYSIA .... 116 
APPENDIX B:  RELATED PUBLICATION ..................................................... 117 
  

ix 



 

LIST OF TABLES 

Table No.               Page No. 

 

3.1 Composition and preparation of Guillard’s f/2 medium.  38 

3.2 Cell count for five species of microalgae measured after five to 
 seven days of incubation period in 1 L culture.    42 
 
3.3 Cell count for five species of microalgae measured after three 
 to five days of incubation period in 20 L carboy culture.   42 
 
 3.4 Cell count for five species of microalgae measured after two to three 

days of incubation period in 20 L polythene bag culture.  43 

3.5 Mean temperature (°C) and cell count (cells/ml) for five species of 
microalgae measured at the time harvest of the outdoor algae culture 
using microalgae cultured in carboy as inoculum.  44 

3.6 Mean temperature (°C) and cell count (cells/ml) for five species of 
microalgae measured at the time harvest of the outdoor algae culture 
using microalgae cultured in polythene bag as inoculum.  44 

4.1 Microalgal diets for Holothuria scabra larvae depending on the 
growth stage (Source: Giraspy and Ivy (2006) with modification).  54 

4.2 Number of eggs produced from different types of spawning method 
of Holothuria scabra.  58 

4.3 The development of Holothuria scabra beginning from the 
fertilization until the formation of early juvenile.  61 

5.1  Juvenile feeding protocol (Source: Giraspy and Ivy (1999) with 
modification).  72 

5.2 Size, weight, survival rate and physical changes of the H. scabra 
juveniles with different stocking density in 12 weeks. Results were 
mean from three trials with standard deviation protocol   80 

 
 

 

x 



 

LIST OF FIGURES 

Figure No.               Page No. 

 2.1 The life cycle of Holothuria scabra. Adapted from Battaglene, 1999.  11 

3.1 Cell count for indoor and outdoor culture of five species of                  
microalgae using carboy culture as inoculum. *The mean is               
significantly different at p<0.05       45 

 
3.2 Cell count for indoor and outdoor culture of five species of  
   microalgae using polythene bag culture as inoculum. *The mean is 

significantly different at p<0.05.       46 
 
4.1 Dorsal (a) and ventral (b) view of an adult Holothuria scabra used as  
 broodstock for spawning induction.       55 
 
4.2 Changes in pH, temperature and salinity of the broodstock tanks of  
 Holothuria scabra during 12 months in 2012.     56 
 
4.3 Spawning behaviors of Holothuria scabra in spawning tank (a) Male  
 sea cucumber releasing sperm (b) crowding behavior prior to spawning.  57 
 
4.4 Fertilized eggs of Holothuria scabra observed under microscope at 40  
 X magnification.         58 
 
4.5 Mid-auricularia larva of Holothuria scabra.      59 

4.6 Doliolaria larva of Holothuria scabra showing distinct hyaline spheres.  60 

4.7 Survival rate of Holothuria scabra larvae.      62 

5.1 Settlement plates were (a) left dried after dip into spirulina and (b)  
 arranged in the tank for juvenile settlement.      71 
 
5.2 Hapanets preparation before being installed in water for conditioning.  73 

5.3 Pentactula of Holothuria scabra; ambulacral podia (ap), digestive                
tract (dt), ossicle (os) and tentacle (t).       73 

 
5.4 Early juvenile of Holothuria scabra (a) appear as tiny dots on the 
 settlement plates (b) grazing on the microalgae settled on the  
 settlement plate.         76 
 
5.5 Growth of Holothuria scabra juvenile from 11 to 60 days after  
 becoming pentactulae.        77 
 

xi 



 

5.6 Holothuria scabra juveniles of various sizes were graded before  
 being transferred into hapanets and ponds.      78 
 
5.7 Average weight of Holothuria scabra juveniles reared in ponds  
 for 12 weeks.          79 
 
5.8 Juveniles of Holothuria scabra reared in the outgrow ponds (a) 

30 mm juvenile weighing around 2 g and (b) 70 mm juvenile  
weighing around 8 g.         81 

 
5.9 (a) The sea pen built by the villagers and (b) Sea cucumber reared  
 in the sea pens by the villagers.       81         
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

xii 



 

LIST OF ABBREVIATIONS 

 
 
°C   Degree Celcius 
 
µm   Micrometer 
 
cm   Centimeter 
 
d   Day 
 
EDTA   Ethylenediaminetetraacetic acid 
 
g   Gram 
 
h   Hour 
 
ha   Hectare 
 
ind   Individual 
 
KCl   Potassium chloride 
 
Kg   Kilogram 
 
L   Liter 
 
m2   Meter square 
 
m3   Meter cube 
 
min   Minute 
 
mL   Milliliter 
 
mm   Millimeter 
 
ppm   Part per million 
 
ppt   Part per trillion 
 
PVC   Polyvinyl chloride 
 
sp.   Species 
 
w/w   Weight per weight 
 

xiii 



 

CHAPTER ONE 

INTRODUCTION 

1.1 INTRODUCTION 

Sea cucumbers are sea invertebrates from the phylum Echinodermata class 

Holothuroidea. They live in a variety of habitat, but are most diverse on tropical 

shallow-water coral reefs in all tropical and temperate oceans (Liao, 1997; Massin, 

Zulfigar, Tan Shau Hwai & Rizal Boss, 2002; Rasolofarina et al., 2004; Hearn & 

Pinillos, 2006).  Sea cucumbers are well known as a source of medicine in the 

treatment of hypertension, asthma, rheumatism, cuts and burns, impotence and 

constipation (Chen, 2003; Wen, Hu & Fan, 2010).  In Malaysia, research on sea 

cucumber has started since 1980s focusing on the aspects of consumption, folklore 

belief, ecology, reproduction and medicinal value (Ridzwan, 2007).  

The never ending potential in every aspect of sea cucumber fisheries has 

caused it to decline in number in the wild due to over exploitation (Choo, 2008). The 

exploitation of sea cucumber begin since over thousand years ago particularly around 

Southeast Asia and Pacific. Species exploited for food include the Holothuria scabra, 

H. nobilis, H. fuscogilva, H. fuscofunctata, H. leucospilota, Bohadschia graeffei, 

Bohadschia marmorata and Thelenota ananas. The market demand goes beyond 

global supply, and prices are rising, particularly for more in-demand species of sea 

cucumber. Sea cucumber harvesting most typically follows a boom-and-bust pattern 

of exploitation (Carleton, Hambrey, Govan, Medley & Kinch, 2013). The market 

makers, on the other hand, are struggling to find new sources of supply, and the 

market is facing a declining rate in the volume of global supplies. Coastal 
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communities also rely heavily on sea cucumber harvesting, because it is one of their 

few sources of cash income. 

Thus, following the overexploitation in the wild, sea cucumber fisheries was 

introduced with ‘sea cucumber ranching’ or ‘stock enhancement’ method (Bell and 

Nash, 2004). These methods have been practiced in Japan for more than 30 years ago. 

Stock enhancement plan involved spawning of sea cucumbers using several methods. 

Spawning in tropical and temperate sea cucumbers are usually induced through the 

application of short term environmental stresses (Battaglene, Seymour, Ramofafia & 

Lane, 2002). Environmental factor thought to be involved include the temperature, 

light intensity, photoperiod, salinity, tidal flux, food availability and change in food 

type. Thermal stimulation is a common method of inducing spawning in many 

invertebrates. However, reliable techniques for induced spawning have been 

developed such as algal stimulation, water-jet stimulation and gonad stimulation 

(Ajith Kumara, Jayanatha, Pushpakumara, Bandara & Dissanayake, 2013). So far the 

several methods of spawning induction have been successful in some commercial 

holothurians, which offer an alternative to harvesting wild populations.  

Juvenile and adults of sea cucumbers feed on detritus or decaying organic 

matter. Under captive or culture conditions, they can feed on dry sea weed or artificial 

feed. During larval stages and early juvenile, they were fed with mix microalgae. The 

practice of feeding live microalgae is essential especially during larval stages and this 

is very costly and labor intensive (Shields & Lupatsch, 2012). Efforts have been made 

to study on ways to reduce the production cost of microalgae culture in sea cucumber 

hatchery (Iba, Rice & Wikfors, 2014).  

Sea cucumbers fishery used to be the main source of livelihood in some areas 

in Malaysia, especially in Sabah. In the 1980s, sea cucumber landings recorded an 

2 



 

annual catch of about 400 – 500 tonnes, while landings in the 2000s fell to an annual 

catch of around 100 tonnes (Choo, 2008). The high value of sea cucumber species, the 

ease of harvesting from shallow water and their vulnerable nature contribute to 

overexploitation in Malaysian waters (Choo, 2004, Choo, 2008). 

Prominent commercial sea cucumbers in Malaysia are Stichopus horrens and 

H. scabra. The industry based on S. horrens trade supports a large number of 

individuals and promotes Pulau Langkawi, an island on the northern part of West 

Malaysia, as a centre for production of sea cucumber medicine. Extracts from this 

species were used widely and known to have antifungal and antibacterial components 

(Ridzwan, 2007). Overfishing of sea cucumber S. horrens in Langkawi has forced the 

state to outsource it from Adang, Thailand. However, in Pulau Pangkor, S. horrens are 

still found in relative abundance on the reef flats (Choo, 2004). In Sabah, the state 

supports Malaysia’s largest fishery with the main sea cucumber products are beche-

de-mer of H. scabra. There are quite a number of sea cucumber farm in Sabah that 

were built by villagers to rear sea cucumber particularly H. scabra. 

Sea cucumber breeding in Malaysia lacks advanced technology and is mainly 

carried out as home-based industries. There is no commercial hatchery built solely for 

sea cucumber export or stock enhancement programme. Attempts to raise and produce 

sea cucumber from an aquaculture system in Malaysia has been scarce, almost nil. 

Breeding trials for S. horrens were made by the Fisheries Research Institute of 

Malaysia in late 2008 and mid 2009 for restocking purposes but the survival rate in 

the sea was not satisfactory. Despite the increasing interest of this sea product in the 

world markets, the only approach has been an unregulated extracting fishery, which 

has led only to a serious depletion of natural populations of sea cucumber in Malaysia.  
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1.2 SIGNIFICANCE OF STUDY 

The present study was undertaken to mass-produced sea cucumber H. scabra in three 

stages: larval culture, juvenile rearing and farming of hatchery produced juvenile in 

growout pond, hapanet. The sea cucumber was induced to spawn and the best 

spawning method was chosen and practice throughout the study. Life cycle of H. 

scabra was studied in detail starting from the formation of fertilized egg until it 

become adult. Development stages of H. scabra are important as it determined the 

duration taken for growth and also the survival rate of the larval and juvenile. During 

this study, live microalgae were cultured and fed according to the growth stages. 

Microalgae production is costly and labor intensive, thus method to decrease the cost 

and increase algae production was also studied. Juvenile growout in sea pen, ponds 

and hapanet have been reported in many literatures and these methods were compared 

for the survival rate of the juveniles reared.  

So far, to our knowledge, no attempt has ever been made to captively breed H. 

scabra in Malaysia. Furthermore, currently there is no sea cucumber aquaculture 

company in Malaysia that is able to mass produced H. scabra up to a marketable level 

and retail produced the products. Thus, this hatchery aims to produce a premium high 

quality H. scabra and sell it to the retailers. Sea cucumber aquaculture is feasible and 

that it could be used to contribute to the restoration of depleted natural populations 

and allow, in due course, a sustainable fishery. 
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1.3 OBJECTIVES 

1.3.1 General Objective 

To mass-produced sea cucumber H. scabra via induced spawning and 

subsequently cultivate the larvae and juvenile in tank, outgrow pond, hapanet. 

 

1.3.2 Specific Objectives 

1. To isolate five species of microalgae and study the effects of culturing method 

(carboy culture and polythene bag culture) on the growth of microalgae 

isolated from the coastal area of the sea cucumber hatchery. 

2. To study and compare the two methods (thermal induction and dried algal 

induction) for sea cucumber spawning induction and select the best method to 

be used in the future. 

3. To study the larval development during the larval rearing and determine the 

duration taken for each growth stages and the survival rate of H. scabra. 

4. To study the juvenile development and subsequently to determine the survival 

rate in the rearing tank, hapanet and growout pond.  
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 INTRODUCTION TO SEA CUCUMBER 

The first unequivocal fossil evidence of sea cucumbers was discovered about 400 

million years ago (Lambert, 1997). Sea cucumbers are members of the class 

Holothuroidea in the phylum Echinodermata and are sometimes referred to as 

holothurians or holothuroids. Sea cucumbers of various types are found throughout the 

tropical Pacific, as well as in other tropical and temperate seas. Over 1200 species of 

sea-cucumbers are known from various parts of the world but only about 70 species 

are being harvested (Yang et al., 2015). For example, in the seas around India nearly 

200 species are known but of these only 12 species are of commercial value (James, 

Gandhi, Palaniswamy & Rodrigo, 1994). In Asia, a total of 125 sea cucumber species 

were reported from various references (Ridzwan, 1987, 1993, 2000, 2007; Ridzwan, 

Shukri, Fadhil, Noor Ibrahim, Kaswandi & Hawa, 1998a, Chao, 1998; Jeng, 1998; 

Zulfigar & Tan, 1999; Bussarawit & Thongtham, 1999; Forbes & Ilias, 1999; Flint, 

2002; Zaidnuddin, 2002; Tan, 2003, 2005; Chen, 2004; Choo, 2004; Mucharin & 

Putchakarn, 2005; Purwati, 2005; Zulfigar, Sim & Tan, 2007; Zulfigar, Sim, Tan & 

Shirayama, 2008; Otero-Villanueva & Ut, 2007; Choo, 2008; Sim, Tan, Zulfigar, 

Wong, Chai &Ng, 2008; Sim, Tan & Zulfigar, 2009; Kamarudin, 2010) with 52 

species documented as commercially important (Choo, 2004).  

Morphologically, the accurate classification of sea cucumber to species level is 

normally based on the shapes of calcareous skin ossicle or spicule shape (e.g. table, 

cup, perforated plate, button, anchor and plate, wheel and basket), types of tentacle 

(e.g. dendritic, peltate, digitate and pinnate) and types of calcareous ring which are 
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embedded in the skin (Lambert, 1997). Closely related species have very similar 

ossicles if they have recently evolved from a common ancestor (Lambert, 1997). 

Apart from morphological characteristics or external characters, the classification of 

sea cucumbers into each of the six orders is also based on habitat and behaviours, as 

mentioned by Kerr (2000) based on the description by Pawson (1982) and Smiley 

(1994). 

 

2.2 SEA CUCUMBER OF MALAYSIA 

Malaysia has been at the same time importer, consumer, producer and exporter of sea 

cucumber. There were various species of sea cucumber in Malaysia. Among of the 

species from the genus Stichopus includes Stichopus horrens, S. hermanni, S. 

chloronotus, S. ocellata and S. vastus. Holothuria species includes Holothuria 

pardalis, H. atra, H. scabra, H. fuscogilva, H. edulis and H. leucospilta. Most 

abundant species are from the genus of Holothuria and Stichopus. 

Other species can be found in Malaysian waters are Thelenota ananas and 

Thelenota anax, from the genus Thelenota. Colochirus quarangularis from the genus 

Colochirus and Bohadschia marmorata from genus Bohadschia can also be found in 

Malaysia but in very scarce due to its habitat in the deep water. To date there are 37 

species of sea cucumber identified and recorded by the Fishery Department of 

Malaysia (Ilias, 2010).  

 

2.3 THE IMPORTANCE OF SEA CUCUMBER 

Sea cucumbers in Malaysia are consumed as delicacy and medicine. Commonly, the 

sea cucumbers were processed into beche-de-mer; a sun dried or smoked sea 

cucumbers. H. scabra is a popular beche-de-mer species (Preston, 1993). The 
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coelomic fluid of sea cucumber can be consumed as a tonic and the practice of 

drinking colelomic fluid from selected species of sea cucumber also occurs amongst 

the fishermen and the local communities in Asia; based on the belief that it could 

provide extra physical strength (Ridzwan, 2007). 

 The most commonly used body parts of the sea cucumber are the visceral 

organs including the gonads and intestines. These are eaten raw, cooked or fermented. 

‘Konawata’ or preserved intestines of fermented gonads as well as ‘kuchiko’ (dried 

sea cucumber) are savoured as a favorite dish of the Japanese and Korean. Japanese 

use the female gonads of sea cucumber to make tea, wine and soup (Mao et. al., 

2015).  

 In the East Malaysian states namely Sabah, sea cucumber is famous for 

indigenous groups such as the Sulu, Kadazan, Bajau, Sungai, Dusun and Philippines 

immigrants as delicacies. Often, the sea cucumber is consumed raw after the firm flesh 

is thinly sliced and mixed together with chilly as well as latok (Caulerpa sp.) 

(Ridzwan, 2007).  

Sea cucumber is high in protein, low in fat, making it a valuable nutritional 

food. The body wall of sea cucumber contains polysaccharides, lipids and collagen 

(Bordbar et al., 2011). The active ingredients in sea cucumber are believed to allay 

fatigue, boost the immune system, strengthen the resistance to disease, treat injuries, 

prevent inflammation and provide liver and blood vessels protection (Xia & Wang, 

2015). 

Studies have shown that sea cucumber contains many active substances such 

as mucopolysaccharide acid, holothurian fucan, chondroitin sulphate, holothurin and 

holothurian peptides (Guan & Wang, 2009). Kariya, Mulloy, Imai, Tominaga, Kaneko 

& Asari (2004) had separated and purified glucosaminoglycan, a polysaccharide ideal 
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as a lubricating fluid for joints, from A. japanicus. Wang, Gong, Sun, Tang, Liu and 

Li (2012) on the other hand had discovered nortriterpene glycoside, an antifungal 

from A. japonicus Selenka. Furthermore, new findings showed the potential of sea 

cucumber as an anticancer agent (Althunibat, Hashim, Taher, Mohd Daud, Ikeda & 

Zali., 2009).  

People from Peninsular Malaysia rarely consume the sea cucumber as delicacy 

but they use it as medicine and regularly apply the sea cucumber extract or the 

coelomic fluid from the species of S. hermanii and S. horrens to traditionally heals 

asthma, hypertension (high blood pressure), rheumatism, skin disorders, minor 

wounds, burns, aches in the joints and diabetes (Ridzwan, 2007). Sea cucumber is also 

famous due to its power to quickly mend internal wounds especially after a surgery, 

caesarian birth and normal labor. Concentrated extract of the sea cucumber is said to 

be an effective cure to bleeding gum disease and blisters (Ridzwan, 2007).  

 

2.4 OVER EXPLOITATION OF SEA CUCUMBER 

Sea cucumbers have been exploited for a several hundred years now and the resource 

is insubstantial. Overexploitation of sea cucumbers has potentially serious adverse 

socio-economic and ecological consequences. At a community level the increasing 

scarcity of a high value export product would lead to increased poverty and instability 

in village communities (Rasolofonirina, Mara & Jangoux, 2004). From an ecological 

viewpoint, sea cucumbers are major components for sustaining coastal ecosystems in 

tropical areas, as ecosystems engineers that increase the structural complexity of the 

habitat and as macro-detritivores that consume various organic detritus (Coleman & 

William, 2002; Rasolofonirina et al., 2004).  
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2.4.1 Exploited Species 

The major exploited holothurian species found in the south-west Pacific are listed by 

Preston (1993). They are A. echinites, A. lecanora, A. mauritiana, A. miliaris, A. 

japonicus, H. atra, H. fuscogilva, H. fuscopunctata, H. nobilis, H. scabra, H. edulis, S. 

chloronotus, S. variegatus, T. ananas, T. anax, Bohadschia marmorata, B. argus and 

B. vitiensis. All commercial sea cucumbers are members of the class Aspidochirotidae 

and all are relatively large species with thick body walls.  

There are at least 20 species of sea cucumber in China being exploited as 

traditional medicine and tonic food (Chen, 2004) but the most valuable is A. 

japonicus. In Malaysia, S. horrens and H. scabra are exploited as medicine and 

delicacies, respectively. 

 

2.4.2 Overview of Holothuria scabra 

H. scabra is the most exploited sea cucumber and is the tropical species with the most 

potential for stock enhancement after A. japonicus. H. scabra are of high value, 

widely distributed and relatively easy to culture in simple systems at low cost. They 

live in high nutrient environments at densities of about hundreds per hectare. 

Generally, they have reproductive peaks in September and October, but can be 

induced to spawn year round. This is the most extensively processed species and also 

most expensive species in the world (James, 2000). 

H. scabra grows to a length of 400 mm and live weight varies from 0.5 to 1.5 

kg, short and stout with blunt ends and prominent wrinkles on the upper side. Upper 

side is grey in colour with white or yellow horizontal bands. The lower side is white in 

colour with a number of fine black dots. They commonly found in silty sand often 

near low saline areas and frequently on Cymodocea beds (James, 2000). It spends part 
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of the day buried in the sand. It occurs from the intertidal region to 10 m depth. 

Juveniles are distributed near the shore and as they grow they migrate to deeper waters 

for breeding. Figure 2.1 showed the life cycle of H. scabra. 

 

 

Figure 2.1 The life cycle of Holothuria scabra. From Battaglene, 1999. 

 

Increases in water temperature and addition of powdered algae are effective 

ways of inducing spawning of H. scabra (Battaglene, 1999). Chaetoceros muelleri 

and Rhodomonas salina are two of the better microalgae for feeding the larvae 

(Battaglene, 1999; Lovatelli, 2004). H. scabra larvae are more robust and easier to 

rear than those of other tropical species. Larvae metamorphose into juveniles after 2 

weeks at 28°C and settle on diatom-conditioned plates. They can be reared on hard 

substrates until they reach 20 mm in length and are then best transferred on sand 

substrates (Mercier, Battaglene & Hamel, 2000). Absolute daily growth rates on 
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