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ABSTRAK 

Penghasilan benih timun laut (Holothuria scabra) dalam kaptiviti untuk tujuan 
akuakultur dan penambahan stok menjadi semakin penting bagi menangani masalah 
kekurangan stok liar akibat eksploitasi berlebihan. Walaubagaimanapun, kemandirian 
dan tumbesaran benih dalam kaptiviti adalah tidak konsisten. Kajian-kajian dalam 
tesis ini dilakukan bagi menyeragamkan sistem kultur untuk memastikan keadaan 
kultur yang sesuai, tumbesaran lebih cepat dan peningkatan kemandirian bagi benih 
sebelum aktiviti pembesaran dilakukan secara besar-besaran. Salah satu isu yang 
ditangani dalam tesis ini adalah kesukaran penentuan biomass yang berpunca 
daripada kebolehan spesis ini mengubah bentuk badan dan menyimpan serta 
mengeluarkan sejumlah air dari ruang 'coelomic' semasa pengukuran spesimen 
hidup. Faktor-faktor panting mempengaruhi kemandirian dan tumbesaran H. Scabra 
dalam kaptiviti seperti gizi, pertukaran air dan kepadatan stok ditentukan dengan 
merekabentuk dan menguji kaedah kultur eksperimental yang berlainan. Faktor 
utama mempengaruhi tumbesaran dalam kaptiviti yang diuji adalah keperluan gizi 
buatan menggunakan sumber murah dan mudah didapati seperti rumpai taut 
( Sargassum sp. and Eucheuma sp.) dan nutrien tambahan. Kemungkinan 
mengurangkan kos serta menambah kecekapan pengeluaran melalui kultur bersama 
udang (Penaeus monodon) dengan kombinasi gizi dan kepadatan stok yang 
berlainan, serta sangkar taut juga diuji. Kecekapan rumpai taut (Eucheuma sp.) 
sebagai 'biofilter' dalam sistem tertutup juga diambil kira. Kebolehyakinan 
penganggaran biomass menggunakan ukuran linear didapatkan berdasarkan korelasi 
yang tinggi dan konsisten antara panjang-berat tanpa air (R2=0.9612) dan panjang
berat kering (R2=0.9578), yang mana amat berguna bagi kajian spesimen hidup 
populasi liar atau dalam kaptiviti. Ujikaji dalam kaptiviti menggunakan rumpai laut 
dalam gizi, menunjukkan kadar kemandirian dan tumbesaran yang baik. Walaupun, 
gizi Eucheuma sp. dengan pemangkin kalsium-fosfat memberikan kadar tumbesaran 
paling tinggi (10.469 mg/hari), gizi mengandungi Sargassum sp. sahaja memberikan 
kadar tumbesaran yang hampir setanding (p > 0.05), yang mana menjadikan 
Sargassum sp. pilihan yang lebih baik dan murah. Kebaikan Sargassum sp. dalam 
diet dibuktikan lebih lanjut dengan keputusan ujikaji kultur bersama dimana 
kemandirian udang didapati lebih tinggi dalam rawatan menggunakan rumpai laut ini 
sebagai makanan berbanding dengan gizi berasaskan haiwan (pellet udang dan 
pumpun) kemungkinan akibat peningkatan immuniti disebabkan peningkatan aktiviti 
'prophenoloxidase'. Tumbesaran H. Scabra juga ditingkatkan dengan kehadiran 
udang (0.738 g/hari) akibat peningkatan kualiti bentik oleh udang, menunjukkan 
potensi bagi mengkultur bersama kedua-dua spesis ini bagi mendapatkan pulangan 
yang lebih menguntungkan. Pengkulturan H. Scabra di dalam sangkar laut 
menunjukkan ianya lebih ekonomi berbanding dengan dalam tangki. Walaupun 
spesimen dalam sangkar laut menunjukkan kadar kemandirian yang rendah, 
tumbesaran adalah lebih baik (0.238g/hari) pada kepadatan stok 150g/m2. lni 
mungkin disebabkan adanya sumber bekalan makanan semulajadi dan pertukaran 
air berterusan dalam sangkar. Walaubagaimanapun, kualiti air dafam sistem tertutup 
boleh ditingkatkan dengan 'biofiltration' menggunakan Eucheuma sp. Walaupun tiada 
peningkatan tumbesaran spesimen dalam tangki dengan rumpai laut (p > 0.05), 
kadar kemandirian yang tinggi menunjukkan keadaan persekitaran yang sesuai 
dikekalkan dalam sistem ini. Tahap nutrien terlarut rendah dalam sistem dengan 
rumpai menunjukkan keberkesanan Eucheuma sp. dalam 'biofiltration'. Kajian ini 
menunjukkan bahawa kecekapan penghasilan boleh ditingkatkan melalui manipulasi 
faktor-faktor seperti gizi, kepadatan stok, pertukaran air, ciri-ciri substrat dan 
kandungan bahan organik, dan melalui polikultur dengan spesis yang bersesuaian. 
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ABSTRACT 

GROWTH AND NUTRITIONAL CONDITION OF SEA CUCUMBER 
(Holothuria scabra) IN CULTURE SYSTEMS 

Producing juveniles of sea cucumber (Holothuria scabraJ in captivity for aquaculture 
and stock enhancement is becoming increasingly important in addressing the 
problem of depletion of wild stocks due to overeharvesting. However, there is 
inconsistency in survival and growth of juveniles reared in captivity. This work was 
motivated by the need to standardize the rearing systems to ensure high condition, 
faster growth and better survival of the juvem1es before their grow-out on a large 
scale. One of the issues addressed in this thesis is the diff,culty to measure biomass 
of the sea cucumber due to its ability to change body shape and to store or expel 
various volumes of water from the coelomic cavity when measured alive. Factors 
influencing survival and growth of H. scabra in captivity such as feed, water exchange 
and stocking density were also determined by designing experimental culture 
methods. The most important factor crucial to grow-out in captivity investigated was 
artificial feeding using cheap and abundant dietary stuffs such as the seaweeds 
(Sargassum sp. and Eucheuma sp.) and supplements. The possibility of reducing 
cost and increasing production efficiency by co-culture with shrimp (Penaeus 
monodonJ with different combinations of diet and stocking density, and the results 
rearing in sea pen were also determined. The efficiency of seaweed (Eucheuma sp.) 
as a biofilter in a closed system was also investigated. The reliability of the biomass 
estimation technique using the linear measurement was established based on the 
high correlation obtained consistently between length-dewatered weight (R2=0.9612) 
and length-dried weight (R2=0.9578), which is useful for studying live animals in the 
wild or in captivity. Trials in captivity using seaweed as diet, revealed good survival 
and growth. Although Eucheuma sp. diet with calcium-phosphate enhancer gave 
highest growth rate (10.469 mg/day), the diet comprising Sargassum sp. alone 
resulted in almost equivalent rate of growth (p > 0.05), which makes Sargassum sp. a 
better and cheaper option. The benefit of using Sargassum sp. as feed for H. scabra 
was further proven in co-culture trial where shrimp suNival rate was notably higher in 
treatments utilizing this seaweed compared to animal based feed (shrimp pellet and 
bloodworm) which might be due to enhanced immunity by prophenoloxidase activity. 
In addition, growth of H. scabra was improved by the presence of shrimp (0. 738 
g/day) which may be due to improvement of benthic conditions by shrimp, suggesting 
the possibility of co-culturing both species for better economic returns. Grow-out of H. 
scabra in sea pen was found to be more economical than in tanks. Although animals 
kept in pens showed poor survival percentage, growth was better (0.238 g/day) at 
stocking density 150glm2. This might be due to reasons such as better growing 
opportunities due to continuous supply of natural food items and water exchange in 
pens. However, the improvement of water quality in a closed system was found to be 
achievable by biofiltration method using seaweed. Though there was only marginal 
advantage in term of growth of H. scabra (p > 0.05), the high survival rate in the 
treatment with seaweed implies that a conducive environmental condition was 
maintained in the closed system. The lower dissolved nutrient level in tank with 
seaweed showed efficient biofiltration by Eucheuma sp. The study showed that the 
efficiency of production could be increased by manipulating factors such as feed, 
stocking density, water exchange, substrate features and organic matter content, and 
by polyculture with compatible species. 
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CHAPTER 1 

INTRODUCTION 

1.1 Sea Cucumber 'Sandfish', Holothuria scabra

More than 1200 species of sea cucumbers (Holothuridae) have been identified 

around the globe, with currently about 30 species known to be harvested (Purwati, 

2005). Of the 1200 holothurians, Holothuria scabra, generally known as sandfish (or 

popularly called 'balat' by local people of Sabah) is the most valuable and sought 

after species. Taxonomic classification of H. scabra is described in Table 1.1. 

Table 1.1: Taxonomic classification of H. scabra. 

Kingdom :Animalia 

Phylum : Echinodermata 

Class : Holothuroidea 

Order : Aspidochirotida 

Family : Holothuriidae 

Genus : Holothuria 

Species : scabra 

1.1.1 Economic Importance 

The world sea cucumber market is largely controlled by the Chinese traders (FAO, 

1990; Conand, 2001 ). The dried form of H. scabra (Trepang or Beche-de-mer) 

supports a multimillion dollar industry for a number of countries in the Asia-Pacifte 

region such as the Phillipines, Vietnam and the Solomon Islands. It is also an 

important income generator for the downtrodden sections of the local community 

living in the remote coastal areas of Sabah. H. scabra, is popular for its culinary 
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qualities. When processed or dried it can fetch a high price in the Sabah local markert 

(RM 200 to 400 per kilogram). Due to this reason, H. scabra has been a target 

species for fishermen. 

Concomitant with the increase in demand, there is increase in fishing 

pressure, and hence concern about overexploitation of this species. Based on the 

statistical records by Department of Fisheries Sabah from 2003 to 2004, the 

significant decline (39.10 %) in total landings of sea cucumbers led to increase in its 

retail and wholesale prices by about 3 % within a one.year period. 

1.1.2 Ecological Importance 

H. scabra is a detritivore that feeds upon organic matter which accumulates at the

seabed and mixes with the sediment. The most significant benefit of H. scabra to the 

benthic ecosystem is probably the bioturbation of sediments (Hamel et al., 2001). 

Sea cucumber activities such as burrowing, ingestion, and defecation of sediment 

grains increase sediment aeration and influence contaminant equilibria with the 

overlying water. It is also believed that the burrowing habit of H. scabra in seagrass 

beds has positive influence on the production and density of this marine critical 

habitat (Uthicke, 2004). Moreover, the sediment-water interface increases in area, 

affecting chemical fluxes and thus the exchange between the seabed sediment and 

the water column (Gerino, 1990; Austen et al., 2002). Experiments conducted on 

deposit feeder, Stichopus japonicus, by Michio et al. (2003) in an enclosed area 

found that the algal biomass and organic matter concentration of seabed sediment 

decreased in the presence of sea cucumber. 

Inhibition of algal bloom in coral reef area by sea cucumber has also been 

noticed by Moriarty (1982), and Uthicke (1999) who showed that when kept in 

densities above natural level, algal biomass was reduced significantly. The 
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microalgae appear to benefit from the enhancement of nutrient level from 

holothurians' excretion (Uthicke, 2001b). Removal of these holothurians can have 

negative effects on reef ecosystem (Uthicke, 2004). 

1.2 H. scabra Population and Fishery in Sabah

H. scabra is listed in CITES (Commission on International Trade of Endangered

Species of Flora and Fauna) (Appendix II). This appendix includes species that, 

although not threatened with extinction, may become at least locally extinct unless 

trade is strictly regulated. This means, international trade may be allowed, but strictly 

controlled, and the CITES member country or party may only grant a permit to export 

the animals after it has determined that the export would not be detrimental to the 

survival of the species (Bruckner and Field, 2003). 

In Sabah, the main method for collecting H. scabra is by hand during low

tide, when animals are exposed and easily seen. They are also collected by diving or 

snorkeling, and most of the large animals are caught as by-catch of deep-sea 

trawlers. Their ease of collection, which does not require sophisticated fishing 

techniques has led to overexploitation, and decline in wild population, in many places 

below replacement level. Thus, the wild population of this target species may be 

unable to rebound. 

Historically, Sabah has been the only state in Malaysia with a relatively 

important sea cucumber fishery industry. Based on the statistical records of sea 

cucumber landings by the Department of Fisheries Sabah (2002, 2005, and 2006) 

and reports by Baine and Sze (1999) and Sze (2004), important fishing areas for sea 

cucumbers in Sabah are Kudat, Semporna, Sandakan, Kota Kinabalu, Kota Belud 

and Kota Marudu. 
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In the year 2000, the total fisheries value constituted by sea cucumbers in 

Sabah was 0.17 %. Sempoma, located on the east coast of Sabah, was the most 

important sea cucumber fishing area, contributing some 62 % of the total landings of 

sea cucumbers in the year 2000, followed by Sandakan (14 %), Kota Kinabalu (13.66 

%), and Kudat (9.99 %) (Department of Fisheries Sabah, 2002; Sze, 2004). 

Records by Department of Fisheries Sabah from 2003 to 2004, showed 

significant decline in landings (39.10 %) in total landings of sea cucumbers. Kota 

Marudu and Kota Belud, which used to have record sea cucumber landings in the 

years before, disappeared from the landing statistical record in 2004 (Department of 

Fisheries Sabah, 2005, 2006). 

1.3 Justification for Study on H. scabra

Due to importance of H. scabra as an income generating resource for the poor 

communities living in the remote coastal areas of Sabah, legislating the collection 

methods and ceiling on their capture level may not be very effective. This study 

provided a basis for the initiation of H. scabra re-stocking or stock enhancement 

programme in Sabah for commercial, subsistence or conservation purposes. In 

addition, it examined the factors that are crucial to the maintenance of grow-out in 

captivity using accessible technology in a cost-effective manner. One of the most 

important factors investigated was the nutritional needs of H. scabra using cheap and 

abundant resources such as the seaweeds (Sargassum sp. and Eucheuma sp.). 

Most of the research on nutritional requirements of H. scabra was done for the larval 

stage of the animal. There is lack of infonnation on nutritional management and 

growth of H. scabra at juvenile stage. Nutritional management at juvenile stage 

should be given due importance as this stage of growth is as critical to their survival 

as in larval stage. Plant derived proteins such as in seaweed is a potentially good 

source of protein for grow out of juveniles as it contains high protein level and have 
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been proven to be cost-effective and a good partial substitution of fish meal, in fish 

grow out (Davies et al., 1997). Apart from plant derived protein, the suitability of 

animal based feed should also be looked into as comparison. Therefore, study on 

these readily available resources as a potential commercial feed for H. scabra is 

worth looking into in order to minimized cost of rearing as well as the rearing period. 

The potential of combining the culture of H. scabra with other marine organisms was 

also determined as a means of improving production eff"tciency consistent with the 

organic farming criteria. The polyculture concept was given due importance in this 

investigation. It was based on the criteria of combining multiple types of organisms 

which are compatible and whose composite farming increases yield/unit area. Co

culture of sea cucumber and shrimp was organized on experimental basis. Waste 

output from intensive shrimp fanning (uneaten feed, faeces, dissolved nutrients, 

dissolved organic compounds, chemicals and therapeutics) produces adverse impact 

on the environment (Beveridge et al., 1994; Briggs and Funge-Smith, 1994; Lorenzen 

et al., 1997; Paez-Osuna, 2001). The treatment of dissolved nutrient effluents 

resulting from an aquaculture farm such as the shrimp farm often involves higher 

degree of technology and, therefore it would be too expensive to implement for most 

farmers (Troell et al., 1999). Hence, the remediation of waste in the form of dissolved 

nutrients in seawater is often being ignored. 

One possible way of defraying the cost of growing H. scabra would be to 

combine the culture of this species with shrimp, thereby saving the costs of 

constructing and managing rearing ponds exclusively for this holothurian. This may 

be a possibility for farms dedicated to rearing Penaeus monodon because juvenile 

sandfish is one of the few species of sea cucumbers that can tolerate a reduction in 

salinities as low as 20 %o (Mercier et al., 1999). The ideal range of water parameters 

for culture of H. scabra in the hatchery are temperature 27 - 29°C; salinity 26.2 -
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32.7 o/oo; dissolved oxygen 5 - 6 mg/I; pH 6 - 9 and ammonia 0 mg/m3, but not 

exceeding 70 - 430 mg/m3 (Battaglene and Bell, 1999). The ideal range of water 

parameters for P. monodon culture are temperature 28 - 33°C; salinity of 15 - 30 %o 

(this species is known to be able to survive nearly freshwater condition to up to 35 

%o); dissolved oxygen of more than 4 mg/I; and pH 7.8 - 8.5 (Rosly, 1990; Sabah 

Fisheries Department, 1991; Annita, 2003). Comparison between the optimum 

environmental conditions of the sea cucumber and the shrimp species showed that 

there is distinct possibility that both tolerate each others' rearing conditions. 

In addition to producing an additional crop, such a co-culture may also have 

other advantages for shrimp farmers. These potential benefits stem from the 

burrowing and feeding behaviour of H. scabra. Burrowing by H. scabra may help to 

mobilize nutrients from the sediment into the water column, improving the normally 

low productivity of ponds early in the shrimp production cycle. The feeding and 

burrowing behavior of H. scabra may also help assimilate excess nutrients and 

bacteria towards the end of the production cycle, when eutrophication of pond water 

causes concern (Uthicke, 2001b). This study was designed to present information on 

growth of H. scabra in tanks and sea pen, and practical feasibility of its co-culture 

with the tiger shrimp. 
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CHAPTER2 

LITERATURE REVIEW 

2.1 Sea Cucumber Research and Aquaculture Development 

Realization of the increase in demand coupled with decline in total landings of sea 

cucumbers since mid 1980s' prompted the initiation of research on commercial 

species such as H. scabra oriented towards their conservation and commercial 

production (Morgan and Archer, 1999). Main fields of interest are ecology (habitat, 

distribution, survival, growth and reproduction cycle) and induced spawning (Conand, 

1993; Hamel et al., 2001; Purcell, 2004; Asmizah, 2006). 

Survival and growth of H. scabra in the wild ha� been difficult to measure due 

to their cryptic behavior and difficulty in tagging. Researchers have been 

experimenting and developing tagging methods for studying the survival and growth 

for the last 25 years (Harriott, 1980; Shelley, 1981; Yanagisawa, 1995; Morgan, 

2000). Some tagging methods developed for this purpose include: 

1) Use of fluorescent dye to stain the calcareous plates surrounding the buccal cavity

of the sea cucumber (Harriott, 1980). 

2) Use of a red hot wire in branding (Yanagisawa, 1995)

3) Use of a t-bar tag in which a tagging gun is usually used to insert a small t-bar tag

into the body wall of sea cucumber. However, in most cases a localized necrosis of 

tissues occurred and the tags fell out or entered the coelomic cavity of the sea 

cucumber within a few months. This tagging method would not be suitable for a long

term study, however it may still be adequate for tagging animals in captivity for a 

short period of time (Shelley, 1981; Morgan, 2000). 
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Restocking of H. scabra with hatchery reared juveniles makes sense when 

conservation efforts, such as establishment of marine parks (Basiron and Zakariah, 

2004; Sze, 2004), implementing moratorium (Baine, 2004; Bell and Warwick, 2004; 

Gamboa et al., 2004), prohibiting collection using compressed air (Alfonso et al., 

2004; Aumeeruddy and Payet, 2004), limiting collection to certain size range and 

fishing quota (Lawrence et al., 2004; Mmbaga and Mgaya, 2004) fail to stem the 

decline in wild stocks. However, before a stock replenishment programme through 

induced spawning techniques can be developed, the reproductive cycle of these 

animals has to be studied to ensure successful captive breeding. Natural 

reproductive cycle of H. scabra has been examined in Australia, New Caledonia, 

Papua New Guinea, the Solomon Islands and Malaysia (Conand, 1993; Battaglene 

and Bell, 1999; Asmizah, 2006). Spawning success in this species was found to 

depend mainly on seasonal maturity and lunar periodicity. Based on this knowledge, 

combined with the utilization of induced spawning techniques, the success rate of 

captive breeding can be increased. Induced spawning techniques that have been 

developed for H. scabra include: 1) thermal stimulation in which the temperature is 

raised by 3 to 5 °C for about one hour; 2) water jet technique; and 3) addition of 

commercially available powdered algal product, Schizochytrium sp., Algamac-2000 

into the water column. The thermal stimulation technique has proven to be the most 

reliable method for inducing H. scabra to spawn, and it is recommended that this type 

of stimulation should be combined with the addition of Algamac dried algae (Hamel 

and Mercier, 1996a). 

The study on H. scabra ecology is essential for the development of its 

aquaculture either for conservation or commercialization purposes (Conand, 2004). 

Studies have also been done on the transportation method of sea cucumber 

(Battaglene et al., 2002; Purcell, 2004; Xiyin et al., 2004; Purcell et al., 2006). 
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Battaglene et al. (2002) examined the results of stress such as evisceration and 

premature spawning of ripe H. scabra individuals during the transport of broodstock 

to the hatchery. Stress was found to be linked to the animals' sensitivity to rapid 

change in water temperature, salinity, and pressure. As a result of this study, these 

authors have suggested a more effective method of transporting H. scabra by plane 

for periods of up to 10 hours, where animals are packed individually in plastic bags 

within a single insulated box. Another study by Purcell et al. (2006) found that 

hatchery produced H. scabra proved to be hardy for transport in high densities ( 100 

to 200 juveniles per bag) as long as the seawater is held at a moderately low but 

constant temperature. Cooler temperatures result in decline in oxygen consumption, 

and hence a reduction in oxygen related stress. 

2.2 Habitat 

H. scabra inhabits shallow, sandy coastal habitat (Mercier et al., 2000b).

Observations on habitat of this species in the coastal waters of Kudat by Melissa 

(2001) showed preference of this species to an average pH of 8.74, low turbidity 

averaging 5.5 NTU, and a mean temperature of 28.3°C. 

Based on the recent sea cucumber landing record of the Department of 

Fisheries Sabah (2004), most of the commercial level abundance of the sea 

cucumber in Sabah can be found in Kudat, Sempoma, Sandakan, Kota Kinabalu, 

Kota Belud and Kota Marudu. However, this record is very generat and based on total 

sea cucumber landings regardless of their species. 

The recruitment of H. scabra larvae occurs in certain habitats. The juveniles 

migrate to 'adult habitats' later in life. The settlement of H. scabra occurs in shallow 

seagrass beds (Mercier et al., 2000b ). Distribution patterns suggests that they move 

to deeper areas later (Hamel et al., 2001). Adult habitats may offer better foods but a 
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higher risk to predators, or may not have suitable substrata for larval settlement. 

Moreover, juveniles survive and grow better in certain micro-habitats within the 

general habitat in which they occur along with adults. Observations made by Melissa 

and Saleem (2001) revealed that there was no signifacant size-related microhabitat 

shift between the widely different sizes of sea cucumbers in Kudat. Small H. scabra 

were usually found in the shallow area of a sheltered coast, bay or estuary, and 

particularly in mangrove or seagrass beds (Mercier et al., 2000b). Studies on their 

distribution showed that the adults prefer deeper water where food availability is 

higher even though there is higher risk of predation. According to Tyler and Banner, 

(1977) and Sloan and Von Bodungen (1980), the most important factor influencing 

their distribution is coastal perturbation, as hydrodynamics could be a modifying 

factor for sediment granulometry and larval dispersion (Massin and Doumen, 1986). 

Based on observations in Solomon Islands, H. scabra prefers substrate 

classified as muddy, with high content of organic matter, generally along the coastal 

mangrove areas. This animal has been observed to avoid very fine sediment texture 

that would not provide stability for easy burrowing (Mercier et al., 2000b). 

Mercier et al. (2000b) found that H. scabra, especially the juveniles 

inhabited seagrass bed. There was no correlation with the type of seagrass and their 

distribution. It is often seen to occur in a few types of seagrass beds such as those of 

Enhalussp. 

2.3 Reproduction and Recruitment 

The reproductive cycle of H. scabra is influenced by environmental stimuli such as 

temperature and abundance of food supply (Chia and Walker, 1991 ). Several studies 

on reproductive cycle of sea cucumber suggested that gamete maturation was 

influenced by physical and chemical factors such as lunar cycle, photoperiod, food 
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supply and temperature. These factors act together, successively or independently of 

one another (Hamel and Mercier, 2004). A study on the natural reproductive cycle of 

H. scabra in Sabah by Asmizah (2006) showed a characteristic continuous

asynchronous gametogenesis that began in March, with major spawning period in 

May and minor spawning pulses in June and August. The continuous gonad 

development of H. scabra in Sabah was similar to that recorded in the Solomon 

Islands and the Phillipines (Ong Che and Gomez, 1985 and Ramofafta et a/., 2003). 

2.4 Diet and Feeding Behaviour 

The feeding biology of sea cucumbers has been examined in situ (Cameron and 

Fankboner, 1984; Ahlgren, 1998; Uthicke and Karez, 1999). The total organic matter 

content in the substrate that represents plant, animal and microbial materials in 

various stages of decomposition, is the main dietary component that influences the 

growth of the sea cucumber (Keesing and Halford, 1992; Summer, 2000). The 

optimum range of organic matter in seabed habitat preferred by H. scabra is 5 to 1 O 

% (Mercier et al., 2000b). Though there is a strong link between habitat rich in 

organic matter (>10%) and preferred habitat for H. scabra. Mercier et al. (2000b) 

also found that these animals avoid very rich substrata containing more than 30 % of 

organic matter, which can possibly be anoxic in the first few millimeters. 

In a study on other species of sea cucumbers and their effect on an 

ecosystem, Klinger et al. (1994) observed that Aspidochirotida (Holothuria atra, 

Holothuria leucospilota, Holothuria edulis etc.) in the lagoon and reef flat of Heron 

Island, Great Barrier Reef utilized 3.93 (0.06 %) and 12.76 g m2/day (0.22 %) of 

surface sediment, respectively. Wiedemeyer, (1992) and Mercier et al., (1999) found 

that a small percentage of available surface sediment consumed by these animals 

denoted slight competition between co-existing Holothuroidea in the wild in terms of 
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competition for food. This is due to their low level in the food chain, where they feed 

by processing organic matter, bacteria, diatoms, cynophyceans and foraminiferans. 

Optimum ingestion and digestion activities are reliant on the mobility of the 

animals, which is dependent on energy and food availability (Hammond, 1982). In 

one of his experiments, Battaglene (1999) mentioned that food availability could be a

limiting factor in survival of hatchery reared juvenile H. scabra. The availability of food 

in the holding tank, boundary effects, photoperiod and temperature regimes may also 

influence the activity pattern and feeding behaviour of H. scabra. The effect of fine 

scale regulation of environmental parameters in captivity on feeding behaviour and 

egg production, in combination with species-specif"te feeding processes, is likely to be 

important in obtaining successful spawning. Further, the type of diet may not be as 

critical as the bacterial and fungal communities that the diet sustains. 

Seaweed has varied protein content, with highest concentration in red algae 

(Rhodophyta), ranging from 30-40 % of dry weight, followed by up to 20 % of dry 

weight in green algae, and 5-11 % in brown algae. Davies et al. (1997) reported that 

a partial substitution of nutritionally superior fish meal with seaweed (Porphyra 

purpurea) given to thick-lipped grey mullet ( Che/on labrosus) proved to be cost• 

effective. In a grow out experiment, good growth results were obtained when finely 

chopped or pasted Sargassum sp. were used to feed juvenile H. scabra in captivity 

(Rasolofonirina et al., 2004). Due to their abundance and high protein content it 

would be practical to utilize cheap plant derived proteins, such as seaweeds in H.

scabra grow out. 

At present, no study has determined how the regulation of exogenous cues 

and its effect on an endogenous rhythm influences feeding and reproduction of sea 

cucumbers in captivity. Information explaining how the captive environment affects 
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