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Abstract 

This study examined the asexual and sexual reproduction in Holothuria /eucospilota 

inhabiting Nightcliff and East Point reefs, Darwin Harbour, Northern Territory. Asexual 

reproduction by binary division resulted in smaller anterior portions and larger posterior 

portions (A to P ca. 34.81 %). Individuals resulting from the posterior part (P and Pa) 

were observed more frequently on the reef and may be assumed to possess greater 

capacity for survival. Fission occurred throughout the year, and intensified in the East 

Point population from March to May, during maximum annual precipitation. Individual 

size in the population was between 50-150 gram in fresh condition (density 0.054 

individual m-1) at Nightcliff, and 100-300 gram (density 0.077 - 0.29 individual m-2) at 

East Point. Small individuals are typical of a fissiparous population undergoing fission. 

There was no indication of hermaphroditism in investigated populations. A single tuft of 

ovarian tubules developed simultaneously. Despite that the spawning season occurred 

yearly, ovarian tubules required less than 12 month to produce eggs. Even though the 

timing of spawning varied between years, gonads developed synchronously with 

maximum growth attained between January 1999 and April 1999. Spawning was 

suggested to occur some time during the second fortnight of April, between new moon 

and full moon. Gonads were rarely observed from July to August 1999, indicating the 

presence of resting period in which the post-spawning tubules were absorbed. 

Histological and ultra sections revealed the ovarian tubule wall consisted of 4 layers: 1) 

ciliated and umbrella-like peritoneal cells; 2) a single layer of myoepithelia underlaying 

the peritoneal cells. The fibers were arranged in two directions, facilitating tubules in 

lengthening and shortening, as well as enabling the lwnen to widen and narrow in order 
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to evacuate full-grown oocytes~ 3) connective tissue, which occupied most area of the 

ovarian wail, and became thinner as the tubule enlarged~ and 4) inner epithelial cells 

bordering the tubule lumen, from which the follicle cells originated. 

Corresponding with oocyte development was the growth of ovarian tubules, starting with 

early developing tubules containing oogonia and small previtellogenic primary oocytes 

(up to 20 11m in fixed condition) and terminating in fecund tubules carrying fullgrown 

postvitellogenic primary oocytes ( 140-150 J.Lm in fresh condition and 90-100 Jlm in fixed 

condition). After discharging the oocytes, tubules deteriorated and were absorbed. 

Multiplication of mitochondria in small previtellogenic oocytes may be the transition 

stage from oogonia to previtellogenic primary oocytes. Nuage became invisible as yolk 

granules appeared and became dominant in the cytoplasm. There is no indication of any 

particular layer arrangement of mitochondria and nuage. Vitellogenic oocytes were 

characterized by irregular membrane with abundant microvilli, which was likely to 

correspond with oocyte enlargement and material transfers. Microvilli decreased in 

number and became shorter in fullgrown oocytes. Fullgrown oocytes were covered by a 

thick jeliy layer (17.5-20 J.Lm in fresh condition), which isolated each oocyte. On the outer 

surface, follicle cells encircled each oocyte and may have remained until spawning. Signs 

of maturity, ovulation and germinal vesicle break down, were unlikely to occur within the 

tubules. 

Even though there was distinct development of gonads and oocytes in the population, no 

juveniies in East Point and only 3 juveniles in Nightcliff were observed during the course 

of this study. This may indicate that sexual reproduction was either unsuccessful or the 

juveniles were cryptic and occupied different habitat to adults. Alternatively, fission was 

more significant in maintaining the population. 
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Chapter I. General Introduction 

Holothurian populations adapt to their habitats by developing two distinc reproductive 

strategies: sexual reproduction and asexual reproduction. Most holothurians are dieocious 

and the gonads have primitive structures. Unlike sexual reproduction, which is universal, 

asexual reproduction is rare amongst holothurians. Several species such as H.atra and 

S.chloronotus (Chao eta/., 1993; Conand, 1996, 1998; Uthicke, 1997) undergo asexual 

reproduction by fission. However, the potential for fissiparity in a fissiparous species is 

not expressed in all habitats. When sexual and asexual reproduction appear together in a 

holothurian population, each of them may play significant roles in maintaining the 

population size. 

There has been more research conducted on several fissiparous spectes inhabiting 

subtropical water such as Holothuria atra, Stichopus chloronotus and H.edulis. To the 

best of my knowledge, reports on fissiparity of Holothuria leucospilota are only from 

Conand eta/. (1997). It would be an opportune time to study reproductive biology and 

strategies of H.ieucospilora, the only holothurian species which is common in the water 

of Darwin Harbour, northern Australia. 

1.1 . Note on holothurians 

Known as sea slugs, trepang, bech-de-mer, or sea cucumbers, holothurians belong to the 

phylum Echinodermata, class Holothuroidea, which are distributed over various marine 

habitats (including coral reefs and seagrass beds), latitudes and water depths from 

shallow tropical water to bathyal and abyssal zones (Heding, 1939; Clark & Rowe, 1971; 
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Sakus, 1973 ~ Tyler & Gage, 1983~ Cannon & Siiver, 1986~ Eckelbarger & Young, 1992~ 

Sewell, 1992~ Coulon, 1995~ Hamel & Mercier, 1996c~ Lane, 1999). Five orders, 

Aspidochirota., Dendrochirota, Molpadonia, Apodida, and Elasipoda are represented in 

the class of Holothuroidea (Deichmann, 1930), but only the first four orders mentioned 

have been reported from southern Australian waters (Rowe, 1982). 

The most commercially significant order is Aspidochirotida. This includes Holothuria 

scabra that has been studied intensively in tropical waters (Krishnan, 1968~ James, 1976; 

OngChe, 1985; James et al. , 1994; Tuwo, 1999), and Srichopusjaponicus that has been 

the subject of numerous studies in temperate regions (Tanaka, 1958; Dautov & 

Kashenko, 1995; Karaseva & Khotimchenco, 1995; Blinova et al., 1997; Ito & Kitamura, 

1998; Yanagisawa, 1998). Some other commercial species are members of the order 

Dendrochirotida, including an Atlantic species Cucumaria frondosa that has been the 

focus of many studies (Hamei et ai., 1993; Hamel & Mercier, 1995 ~ Hamel & Mercier, 

1996b~ Hamel & Mercier, 1996c~ Hamei & Mercier, 1996a~ Hamel & Mercier, 1999). 

Over 1200 holothurian spectes occupy shallow tropical waters and amongst those, 

approximately 114 species belong to the genus Holothuria (Rowe, 1969). As members 

of littoral macrobenthic communities, holothurians are ecologically important, 

functioning in littoral sediment movement (bioturbation) and playing a role in marine 

food webs. As deposit or suspension feeders, holothurians digest organic matter, 

associated bacteria, and diatoms (Crozier, 1918~ Bonham & Held, 1963 ~ Roberts, 1969~ 

Massin, 1982). An estimate 2 x 108 kg sand passes annually through guts of H.atra at 

Rongelap Atoll (Bonham & Held, 1963), and 17.5 kg annually passes through a large 

individual of S.moebii in a sea grass (Posidonia oceanica) ecosystem (Coulon & 

Jangoux, 1993). 

As cryptic or semi cryptic marine invertebrates, holothurians have several self defense 

mechanisms against predation, including changing in body volume, presence of spicules 

in the body wall, ejecting tubules of Cuvier and other internal organs (Francour, 1999~ 
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General Introduction 

Vandenspiegel et a/. , 2000) and also producing toxic holothurin chemicals (Sakus & 

Green, 1974). In addition to protection from predation, the morphology and composition 

of the holothurian spicules are important in species identification (Hyman, 1955 ~ Fisher, 

1968; Rowe, 1969). 

Another important characteristic of holothurians is their great potential for regenerating 

missing parts of the body. This includes re-growing after evisceration and asexual 

reproduction by fission that occurs in several species (Deichmann, 1 922~ Hyman, 1955; 

Smiley era/., 1988; Reichenbach & Holloway, 1995; Vandenspiegel era/., 2000). 

I. 2. Reproductive aspects 

Holothurian populations adapt to their habitats by developing two distinct reproductive 

strategies: asexual reproduction by fission and sexual reproduction. Fission may be 

defined as a transverse division separating the body into mouth (anterior) end and anal 

(posterior) end. Each part regenerates into a new intact individual (Crozier, 1917; 

Deichmann, 1922; Doty, 1977; Emson & Wilkie, 1980~ Chao era/., 1993; Conand, 1996; 

Conand eta/., 1997). 

As defined by Deichmann (1922), holothurian species that have the potential to undergo 

fission naturally are categorized as fissiparous species. Therefore, species which have 

been successlly induced to undergo fission (Reichenbach & Holloway, 1995), are not 

categorized as fissiparous species. 

3 



General Introduction 

1.2.1. Asexual reproduction by fission 

Great potential of regeneration are well known amongst members of echinoderms, 

enabling them to do autotomy as self-defence and fission as a mechanism of asexual 

reproduction (Emson & Wilkie, 1980). Among more than 1200 members of 

Holothuroidea, there are only 10 species that capable to undergo fission, in which their 

bodies naturally divide into mouth and anal ends. This potential occurs in Cucumaria 

/actea, Cucumaria planci Brandt (Smiley et al. , 1988), Holothuria surinamensis Semper 

(Crozier, 1917), Holothuria parvula, Selenka (Kille, 1942; Emson & Mladenov, 1987), 

Holothuria atra Jager (Bonham & Held, 1963; Harriott, 1982~ Conand, 1993; Conand, 

1996), Holothuria edulis Lesson (Harriott, 1985; Uthicke, 1997), Holothuria leucospilota 

(Townsley & Townsley, 1973; Conand et a/., 1997), Stichopus chloronotus Brandt 

(Uthicke, 1997; Conand et a/., 1998) and Stichopus horrens (Harriott, 1980), and 

Actinopyga difficilis Semper (Deichmann, 1922). 

Interestingly, fissiparous spectes do not always undergo fission at aU geographic 

locations and the reasons for this variability in populations are unknown. In H.atra, 

fission is present at Wanlitung, Taiwan (Chao eta/., 1993) and Reunion Island (Conand, 

1996), but fission does not occur at Nanwan, Taiwan (Chao eta/. , 1993) and Fanning 

Island {Townsley & Townsley, 1913). This is also the case in S.chloronotus in the back 

reef of Reunion Island (Conand eta/., 1998) and at Heron Island in which the populations 

undergo fission (Franklin, 1980), and those at Fanning Island (Townsley & Townsley, 

1973) and the outer reef of Reunion Island (Conand eta/., 1998) which show no evidence 

of fission. 

The importance of asexual reproduction amongst fissiparous species has been discuss~d 

for more than a decade. Some investigations noted that fission may be more effective 

than sexual reproduction in a habitat that does not favour the achievement of sexual 

reproduction (Chao et al., 1993 ~ Jaquemet et a/., 1999). The presence of fission, on the 
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other hand, may reduce the potential for sexual reproduction (Harriott, 1982 ~ Conand., 

1993; Co nand, 1996 ). 

In a fissiparous holothurian population, asexual reproduction may occur during the sexual 

reproductive season (Crozier, 1917; Hyman, 1955; Bakus, 1973~ Emson & Wilkie, 

1980). This is evident in H.atra (Chao et al., 1993 ~ Chao et al., 1994; Conand, 1996) and 

H.edulis (Uthicke, 1997). Alternatively, fission takes place after the sexual reproductive 

season is over, as in S.chloronotus (Uthicke, 1997). 

Asexual reproduction by fission has been reported to influence not only the density of the 

population but also the size of individuals in the respective populations. For example, in 

Taiwan, H.atra undergoing fission at Wanlitung are smaller in size but have a higher 

population density than individuals not undergoing fission at Nanwan (Chao eta/. , 1993). 

A similar observation has been reported in S. chloronotus inhabiting the outer reef of 

Reunion Island compared to those on the back reef (Conand eta/., 1998). Even though 

small individuals with thinner body walls tend to have a higher survival rate than larger 

individuals (Reichenbach et ai., 1996), the small size of individuals in populations 

undergoing fission are more likely to be the result of fission rather than the cause of 

fission (Uthicke, 1991). 

Factors that trigger fission are both exogenous and endogenous. External factors include 

complex environment conditions such as increasing water temperature and salinity, 

period of exposure to direct solar radiation, tidal action and food availability (Crozier, 

1917; Harriott, 1982; Emson & Mladenov, 1987; Chao et a!., . 1993~ Conand, 1996~ 

Conand et al. , 1997; Uthicke, 1997; Conand eta/., 1998; Jaquemet et al., 1999). Internal 

factors including health and genotype may influence the fission phenomenon. 

Fission triggers are apparently species-specific. This was demonstrated by two 

fissiparous species H.atra and S.chloronotus that share the same habitat at Fanning 

Island Only the former species underwent fission (Townsley & Townsley, 1973). Again, 
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on Heron Island where H.leucospiiota and S.chloronotus shared the reef flat, only the 

later species underwent fission (Franklin, 1980). Therefore, listing species and localities 

of populations which undergo fission may assist in identifying triggers. 

1.2.2. Sexual reproduction 

Sexual reproduction amongst holothurians varies greatly even though the gonads are 

considered primitive and the simpiest structures amongst members of Echinodermata 

(Smiley, 1988b). Holothurian gonads may be single or in pair. Single-gonad-type is 

present in some species of order Aspidochirota including members of family 

Sticbopodidae Stzchopus (Parastichopus) caiifornicus (Smiley & Cloney, 1985 ~ Smiley, 

1988a), Holothuriidae Actinopyga echinites (Conand, 1982) and H.parvula (Kilie, 1939~ 

Emson and Mladenov, 1987). Those having a pair of gonads on either side of dorsal 

mesentery include another species from Stichopodidae Stichopus mol/is, (Sewell, 1992), 

Stichopus chloronotus (Franklin, 1980~ Conand eta/., 1998), Thelenota ananas (Conand, 

1981), and those from order Dendrochirota, family Cucumariidae, Thyone briareus 

(Kille, 1939). 

Holothurian gonads consist of tubules. Tubules in a gonad may develop simultaneously, 

as in H.atra, H.impatiens, H.edu/is (Harriott, 1985), or subsequently as in H.forska/i 

(Tuwo and Conand, 1992) and Psolus fabricii (Hamel et a/., 1993). In the first type of 

gonad development, all tubules in a holothurian individual are at the same stage of 

development and have the same opportunity and timing in discharging gametes in the 

spawning session. In the later type, the gonad consists of 2 or 3 groups of different stages 

of development, and only the most advanced tubules release the gametes in the coming 

reproductive season. The other tubules develop and spawn in subsequent reproductive 

seasons. 
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Variation in sexually reproductive phenomenon within species may be attributed to 

geographic location (Sewell, 1992; Hamel & Mercier, 1996b). C.frondosa possesses two 

groups of gonadal tubules in the Labrador coast, Quebec and the north shore of New 

Foundland. In lower latitudes, from New Brunswick to Shoal Island, this species 

possesses only a single group (Hamel & Mercier, 1996c ). In New Zealand, individuals 

Stichopus mol/is inhabiting the South Island maintain their spent tubules after spawning, 

but those populating the North Island of New Zealand totally absorb the spent tubules 

(Sewell, 1992). Therefore, gonads are present throughout the year in the population of 

South Island, but disappear at times in the population of North Island. 

Similar variation m gonad plasticity appears in populations of H./eucospilota. In 

subtropical waters, gonad development lacks synchronization in individuals from the 

population in Hong Kong waters (OngChe, 1990). However, at Heron Island, Great 

Barrier Reef, gonads develop synchronously (Franklin, 1980). 

Holothurian gonads develop in synchrony with the oocytes. This is readily observed in 

holothurian species that absorb the tubules after spawning, such as in Stichopus 

(Parastichopus) ca/ifornicus (Cameron & Fankboner, 1986). The gonad re-grows when 

gametogenesis begins in the following season. 

Holothurian oocytes develop from primordial germ cells embedded in the connective 

tissue of tubule lining (Smiley & Cloney, 1985; Smiley, 1988a). Within an ovarian 

tubule, primary oocytes are the result of mitotic division of oogonia. As they develop, 

they can be classified into previtellogenic, vitellogenic and postvitellogenic stages. This 

classification is based on yolk formation, which is responsible for the size increase of the 

oocyte (Franklin, 1980; Tyler & Gage, 1983; Smiley & Cloney, 1985; Smiley, 1988a; 

Tyler et al., 1994). 

The inner epithelial cells differentiate into follicle cells, which cover each oocyte within 

the ovarian tubules. The relationship between the oocyte and the follicle shield is 
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maintained through a protuberance, in which polar bodies are suggested to emerge 

(Franklin, 1980; Tyler & Gage, 1983; Smiley & Cloney, 1985; Smiley, 1988a; Tyler et 

a/. , 1994 ). The shield creates the oocyte micro-environment (Smiley & Cloney, 1985), 

secretes a maturing hormone (Strathmann & Sato, 1969) along with a jelly substance 

(Franklin, 1980). 

In order to gain basic knowledge of oocyte development within ovarian tubules, ultra 

structure studies are necessary. Prior to 1980, few reports on the fine structure of 

holothurian oocytes had been published. However, following investigations of gonad 

development in other echinoderms such as asteroids and echinoids, the fine structure of 

holothurian gametes of some species was reported. To date these studies include the 

temperate S.californicus (Smiley & Cloney, 1985; Smiley, 1988a), four bathyal species 

and six shallow water Bahama species (Eckelbarger & Young, 1992). 

I.3 . Aims of study 

In order to maintain the population, a species adopts particular mechanisms for seed 

production to replace the lost individuals. In order to understand how such mechanisms 

work in individuals, knowledge of the processes ieading to the production of offspring is 

essential. This thesis investigates the reproductive biology of Holorhuria leucospilota 

inhabiting East Point and Nightcliff reefs, Darwin, Northern Terri.tory, Australia. It will 

assesses: 

fission of H./eucospilota, with an emphasis on evidence of fission, frequency and 

seasonality. It discusses whether or not asexual reproduction plays a role in 

maintaining populations based on the frequency of fission and evidence of sexual 

recruitment. Reports of previous studies on the same and other fissiparous species 
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will be used in comparison. External factors which may influence fission are also 

discussed by considering particular environmental factors associated with higher 

fission rate. 

sexual reproduction of H.leucospilota. Female gonads and gametes will be examined 

in this work. The investigation of sexual reproduction focuses mainly on morphology 

and histology of ovarian structures and the presence of gonads in the population 

during approximately one reproductive cycle. This information establishes the pattern 

of individual gonadal tubule development and synchronization of gonad development 

in the population. Timing of spawning events is estimated and assoctated with 

particular environmental factors, which may provide clues to spawning stimulants. 

These are discussed and compared with other populations from different habitats. 

Investigations of sexual reproduction also include descriptions of fine structure of 

female gametes within the ovarian tubules, in order to gain an understanding of 

gametogenesis, and to assess ultra structural variations. 
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Chapter II. Species identification and site locations 

A preliminary study was conducted in July-August 1998 to establish the most suitable 

species and site locations that provided ease of access. Reef walking in the intertidal zone 

during low tides was considered practical as holothurians are macro benthic and for 

security of the workers from box-jelly fish which are abundant in the area during 

September- April. 

II. l . Species identification 

Only one species ofHolothuroidea was observed at East Point and Nightcliff reefs. Even 

though morphological and anatomical features are not sufficient to taxonomica11y identify 

holothurian specimens (Cannon & Silver, 1986), these characteristics are required in 

order to gather general information on population identities (Rowe & Doty, 1977). 

Individuals from East Point and Nightcliff had a black or reddish black cylindrical body 

(Figure II 1). Mouth and anus were positioned antero and dorso-ventrally, respectively. 

Eighteen to twenty peltate tentacles encircled the mouth. The anus was a round aperture 

without any appendages. Integument was relatively thin and frequently covered by a thin 

film of sand. Tube feet were obvious along the ventral body, ·were not in a linear 

arrangement, and pedicles were sufficiently long to provide a prickly appearance. Sticky 

white threads of Cuvier tubules were readily ejected when the animal was irritated. 

Reddish brown liquid came off their skin when the animals were rubbed 

Five obvious pairs of longitudinal muscle bands were situated along the inner side of the 

integument from the pharyngeal bulb to cloaca. At the anterior end, there was a 
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pharyngeal bulb consisting of a calcareous ring, relatively long pollian vesicles, stone 

canal and madreporite. The last three hang freely into the body cavity. 

The arrangement of calcareous ring conformed to the description of Cannon and Silver 

(1989) of the genera Holothuria. Internal organs comprised a simple alimentary canal 

that ran in a descending, ascending and descending ("s'' shape) pattern to the cloaca. The 

intestine was thin, yellowish and transparent. This organ was easily distinguished because 

it was commonly filled with sand, rubble and small pieces of shell. 

The cloaca was a small cavity at the posterior most part of the body cavity, lined by thin 

membrane and opened out through a rounded anal pore. Starting in a position about V..-113 

anteriorly of the intestine length there was a network of haemal tissue or rete mirabile as 

described by Hyman (1955). This organ was generally dark brown in colour but in 

several individuals it was light orange. 

Respiratory trees attached to the anterior part of cloaca The main stem produced two 

branches, each ran to either side of the body cavity. This organ was arranged similar to a 

branching tree, each with a tip forming a small transparent saccule. The gonad, wlr'en 

present, was also tubular in appearance, the morphology of which will be discussed 

separately. 

The presence of tubules of Cuvier in the holothurian studied provided assistance in 

distinguishing this species from another black holothurian, Holothuria atra. This organ 

started from the base of respiratory trees at the cloaca, characterised by long white and 

sticky threads that were terminated blindly. This organ is generally used for defence 

(Smiley, 1994; Vandenspiegel eta/., 2000). 

Spicules are a considerable aid in species identification (Deichmann, 1958; Clark & 

Rowe, 1971; Rowe & Doty, 1977; Cannon & Silver, 1986). Examination of spicules from 

both intact and fission holothurian individuals followed standard procedures (Rowe & 

ll 



Species identification .... 

Doty, 1977). Small fractions of integument were placed in small tubes containing 13% 

sodium hypochloride for 10-45 minutes. Shaking the tubes accelerated the process of 

removing the flesh tissue and settlement of spicules on the bottom of the tubes. 

Supernatant was removed using a small tip pipette. The spicules were rinsed with tap 

water and viewed under a compound microscope. 

Samples from the integument consisted of button and well developed table spicules 

(Figure II 1 ). Button spicules were smooth in outline with 3-4 perforations in each side. 

Table spicules possessed two plates cormected by four supporting stands. There were four 

holes in each plate, and the width of the plate was nearly equal to the table height. These 

spicules were consistent with the early classification of this species as a member of 

Aspidochirotida, Holothuria leucospilota Clark 1920 with synonyms Stichopus 

(Mesenthuria) /eucospilota Brandt 1835 and Holothuria vagabunda Selen.ka 1867 

(Deichm~ 1958~ Rowe & Doty, 1977; Conand, 1999). The classification was as 

follows: 

Phyiurn 

Class 

Order 

Family 

Genus 

Species 

Echinodermata 

Holothuroidea 

Aspidochirotida 

Holothuriidae 

Hoiothuria 

Holothuria leucospilota Clark 1920 

Holothuria leucospilota is well known and wide spread species in shallow waters of the 

tropical Indo-Pacific, living in seagrass beds, sandy-muddy substratum with patches of 

rubble and coral reefs (Conand, 1999). 

12 
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Species identification .. .. 

Figure II 1. Individuals of Holothuria leucospilota at Nightcliff (A) and East Point reef 

(B). Spicules (C) consist of button (b) and table type (t). 

Pen length: 14 em. Insert in C: 200X magnification. 
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11.2. Site locations 

Locations selected for this study were littoral fringing reefs at Nightcliff (12. 22' 45" S 

and 130°50'45" E) and East Point (12°24'20" S, 130°49'20" E), which are located along 

the north-eastern foreshore of Darwin Harbour (Figure II 2). Nightcliff is approximately 

i km north-west along the coast from East Point. Both sites are reserve areas under the 

authority of Department of Primary Industry and Fisheries, Northern Territory (NT) 

Australia. 

Darwin, at the northern tip of Australia, is in the dry/wet tropics. The wet season 

coincides with the northwest monsoon from October to April. Mean annual rainfall is 

1,614 mm. The dry season is under the influence of the southeast monsoon from May to 

September. Tides are semidiumal with maximum spring tidal range of 8 m and neap tides 

of approximately 2 m. Daytime temperatures in the inter tidal pools may reach 40°C 

during low tide (Department of Defense, 1996). 

II.2.1. East Point 

Three zones exist in most shores of Darwin (Pope, 1967). These are littoral fringe, 

eulittoral and sublittoral. The littoral fringe is rocky, and flooded only during spring high 

tides. There are two distinctive substrata at the littoral zone, where holothurians are 

commonly found. One is covered with abundant dead corals fragments and rubbles with a 

considerable amount of silt, whilst the other is a rock platform. Another class of 

Echinodermata, Ophiuroidea, is frequently seen under the dead corals or rubbles of the 

first subtraturn. Brown algae, Padina, is easily recognised and has seasonal growth. The 

later substratum allows the creation of many pools during low tides, which have coarse 

sand on the bottom. Soft corals are scattered. The lower area of littoral zone (Figure IT 3) 

14 
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has substratum containing a large amount of silt. East Point site appears similar to Dudley 

Point described by Pope ( 1967), which is approximately 1.5 km further south. 

The eulitoral zone is regularly inundated on daily basis and contains sand, mud and 

scattered rocks with occasional coral growth, macro (mainly Padina), and micro algae. 

Ophiuroid Macrophiotrix longipeda and Ophioplocus imbricatus are frequently seen. The 

sublittoral zone is always submerged. It contains coral heads and encrusting corals on a 

rocky basement. Macro and micro algae are common. Pope ( 1969) reported the presence 

of other holothurians, member of Stichopodidae. 

II.2.2. Nightcliff 

Nightcliff (Figure II 4) has a rocky shore and fringing reef, which is an infrequent feature 

of the coastline areas of Darwin harbour (Ferns, 1995). Further, Ferns ( 1995) classified 

four main reef zones based on the common appearance of the surface, substratum type 

and taxonomical composition of macro flora and fauna. H.leucospilota is found only in 

the first two zones. Both zones, the back algal flat or back bare reef flat (Z 1) and the 

inner reef flat (Z2) are located in the upper eulittoral zone and characterised by seasonal 

algal covering in Zl . Flora diversity is very low during wet season, November - April, 

when the daytime low spring tides occur frequently and the relative number of pools is 

small. 

The main substratum of Z 1 and Z2 is muddy sand, with patches of mud covered dead 

coral rocks. Z2 has more standing water, is more varied in taxonomic groups and contains 

coarser sand than Z 1. Large rocks are interspersed within the main substratum. Barnacles, 

short-spined and spiky chi tons are common at rock area of Z 1. Other echinoderm seen is 

ophiuroid Macrophiotrix longipeda and Ophioplocus imbricatus. 



Species identification .... 

Further from the shore is Z3, the reef flat proper, which is dominated by large coral heads 

of the family Faviidae. No holothurians were found during the preliminary study. 

Sediment is composed mostly of coral rock and coral rubble. A shallow ledge marks the 

start of Z4, the outer algal reef flat and sand bar. This zone is dominated by macroalgae 

growing on the comparatively coarse sand and coral rubble. 
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Figure II 2. Map of Darwin Harbour area, showing location of study sites at Nightcliff 

and East Point ( ~ ). 
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Species identification .... 

Figure II 3. East Point reef showing the area of rock platform (A) with gentle flow 

through water (circle) as in B. C exhibits the lower area with substratum 

as shown in D. Arrows JX>int to individuals of Holothuria leucospilota. 

Pencil length: 16.25 em. 
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Species identification .... 

Figure II 4. Nightcliffreef(A) exhibiting the area from which individuals of 

Ho/othuria /eucospilota were collected (Z l and Z2), while Z3 as shown in B is the 

area avoided. C shows individuals of Ho/othuria /eucospilota (arrows) protecting 

themelves from direct solar radiation. 
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Chapter III. Asexual reproduction by fission in 

Holothuria leucospilota 

III.l Introduction 

Even though asexual reproduction by fission is considered a common mechanism in 

echinoderm species (Hyman, 1955; Emson & Wilkie, 1980), only 10 out of more than 

1200 holothurian species are fissiparous. Those that possess the potential to reproduce 

asexually by fission in natural habitats are classified as fissiparous species (Deichmann, 

1922). However, fissiparity potential may not be expressed in all locations. 

Holothuria /eucospilota is one of the fissiparous species that fission may be absent in 

certain habitats. Unlike Holothuria atra, in which its fission has been investigated more 

thoroughly, there are only two records of fissiparity in H.leucospilota: from Fanning 

Island, Papua New Guinea (Townsley & Townsley, 1973) and the back reef of Saint 

Gilles, Reunion Island (Conand eta/. , 1997). H.leucospilota populations at Heron Island 

reef (Fountain & Lambert, 1977; Franklin, 1980) and Nha Trang Bay, Southern Vietnam 

(Nguyen & Britayev, 1992), Rangelap atoll, Marshall Islands (Bonham & Held, 1963) 

and Hong Kong waters (OngChe, 1997) have not been reported to undergo fission. 

Individuals resulting from fission are either a mouth or an anal end (Crozier, 1917; 

Deichmann, 1922; Townsley & Townsley, 1973; Doty, 1977; Emson & Wilkie, 1980; 

Chao et a/. , 1993; Conand, 1996; Conand et a/., 1997; Conand et a/., 1998). 

Consequently, there is only one point of fission, the area in which the body constricts. 

However, the position of the fission point may vary among species. In H.leucospilota, the 

point is to be at either one third (Townsley & Townsley, 1973) or 19% of the body length 

from the mouth (anterior) end (Conand eta/., 1997). In H.atra, the mouth end of fission 
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individuals is always smaller (44%) than the anal end (Chao et a/., 1993). In the 

population of S.chloronotus inhabiting Trou d 'eau station, Reunion Island, the anterior 

end is smaller, being 52% of the total length (Conand eta/., 1998~ Uthicke, 1998, 2001). 

The point of constriction in H.parvula is nearly midway along the body length (Emson & 

Mladenov, 1987). Furthermore, regeneration potential may be different between parts. 

The mouth ends of H.leucospilota (Conand eta/., 1997), S.chloronotus (Conand eta/., 

1998) and H.atra (Doty, 1977) failed to regenerate more frequently, which was suggested 

to correspond with respiration (Uthicke, 1998). 

In populations in which fission is predominant, the individuals tend to be smaller in size 

and higher in density than those that do not undergo fission. The population of H.atra at 

Wanlitung, Taiwan, in which fission occurs frequently, contains a high population 

density of individuals where the wet body weight is less than 190 grams. The population 

inhabiting Nanwan, also in Taiwan, does not undergo fission and has low population 

density of large individuals in which the body weight is 351-1400 grams (Chao et al., 

1993). At Trou d'eau station at Reunion Island where S.chloronotus undergoes fission, 

the density is 3.7 individual m·2 with an average drained body weight (measured from 

normal individuals) of 66.3 grams. At Etang Sale where fission is absent, the density is 

estimated 0.17 indivual m·2, with individuals weighing between 55-265 grams (Conand et 

a/., 1998). 

Populations of fissiparous holothurian species experiencing fission may still develop 

gonads. This was observed in S.ch/oronotus (Franklin, 1980; Uthicke, 1997), 

H.leucospi/ota (Conand eta/., 1997), H.atra (Chao eta/., 1994; Conand., 1996; Uthicke, 

1997; Emson & :Mladenov, 1987) and H.edu/is (Harriott, 1985) inhabiting Heron Island. 

However, fission may reduce sexual reproductive capabilities (Chao et a/., 1993), as 

energy for gonad development is utilized for fission and regeneration (Conand, 1996). 

Fission may be a strategy for maintaining population size where the habitat does not 

satisfy the achievement of sexual reproduction (Emson & :Mladenov, 1987~ Chao et al., 
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1993; Jaquemet et a/., 1999). One reason is that small indiv1duals resulting from fission 

are considered to have a better capacity for survival since they have already adapted to 

their parent's habitat (Emlet eta/., 1987). 

In spite of being the only common macro benthic species of holothurian inhabiting the 

littoral zone of Darwin harbour (Pope, 1967; Ferns, 1995}, the reproductive biology of 

H.leucospilota has not been investigated. This chapter presents evidence of asexual 

reproduction by fission in H.leucospilota and its occurrence throughout the year in 

Darwin Harbour. Additional observations were made on captive specimens. 

III.2 Materials and methods 

Preliminary studies revealed that individuals of H.leucospilota inhabited areas 

approximately 300 m X 500 m at Nightcliff and 500 X 700 m at East Point Individuals 

showed a patchy distribution over the reefs as small sand bars (at Nightclift) and rocky 

areas (mainly at East Point) frequently interspersed with tidal pools. 

The study commenced in August 1998 and extended to January 2000. Fieldwork 

involved reef walking along the intertidal zone within the areas in the preliminary study 

during the daytime low spring tide. 

ill.2.1. Fission categories and frequencies 

Frequency of fission in the study site populations was monitored monthly by observing 

50 individuals on each occasion. Categories of fission were adopted from Conand & 

DeRidder (1990), which, with additional input from the field observations, were: 

• Normal (N) where an individual had both intact mouth and anal ends 
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• Individual in the process of fission (F), recognized by an intact individual twisting 

or constricting at a certain point along the body. 

• Mouth end or anterior (A) individual, recognized by the individual lacking the 

posterior complex, which contains an anal pore, cloaca, respiratory trees and 

Cuvierian tubules. The wound may have been open or closed with or without a 

scar. When the wound had recovered, the fission ends were usually rounded with 

the same diameter as the remainder of the body, without a mouth or an anal 

aperture. 

• Anal end or posterior (P) individual, recognized by the individual lacking anterior 

complex, which contained tentacles, mouth, and buccal complex including 

calcareous ring and ring water system and its associated parts. Other conditions 

were similar to those of A. 

• Anterior end individual which is regenerating posterior complex (Ap), recognized 

by a new growth at the posterior part of the body. Tentacles were shorter and 

smaller, but as dark as those in normal individuals. Cuvierian tubules had notre

developed. New growth was commonly smaller in diameter (compared to the rest 

of the body), thinner and brighter. Tube feet were usually arranged m rows 

(a.mbulacral pattern), which was not obvious in normal individuals. 

• Posterior end individual which is regenerating anterior complex (Pa), recognized by 

new growth at the mouth end. Other characteristics were similar to Ap. Cuvierian 

tubules were easily ejected in disturbed individuals, and several tiny tentacles were 

present. Characteristics of the new growth were similar to Ap. 

Holothurians, when disturbed, promptly changed their bodies · by contracting and 

stretching, including the tentacles, making measurement impractical and inaccurate. The 

relative size of the regenerating parts were thought being related to the length of time the 

animal had spent regenerating to grow their lost parts of the body. 

Fission and regenerating rates were estimated by applying formulas of Conand et a/. 

(1997): 
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• Fission rate (F%): (LA individuals + L P individuals) X 100 

2 x total number of individual 

• Regenerating rate (R%): (! Ap individuals+! Pa individuals) X tOO 

to~l number of individuals 

Environmentai conditions during the study were based upon data provided by Bureau of 

Meteorology, Darwin NT, including monthly precipitation, daily bright sunshine and 

overall daily cloud condition. Estimation of reef exposure was calculated on the water 

depth of 2 meters. 

Thirty specimens of recently undergoing fission and in regenerating collected from the 

study sites and dissected along the dorsal line of the body. Internal organs (intestines, 

respiratory trees and gonads) of each individual were identified to determine anatomical 

variation among those recently fission and regenerating individuals. 

Fission point of H.leucospilota was determined from captive individuals in the 

laboratory. Two aquaria (capacity of 64 litres each) were used for maintaining four 

groups of 6-9 individuals for a maximum of 8 weeks. Approximately 50-55 litres of 

saline water with conditions similar to that in the field was placed in the aquaria and 

aerated for 24 hrs/day. This was set up in a shade house. No food was added and the 

water was changed every 2-3 days. When fission occurred, the animals were weighed to 

the nearest ofO.Ol gram in fresh condition 1-3 days after fission was completed. 

III.2.2. Population density and size of individuals 

Transect lines were established on Zl and Z2 (see Chapter II) at Nightcliffin November 

1999. Eight 120 metre long transect lines were placed perpendicular to the shore line 

every 20 metre, and each line contained 8 circular quadrats ( 4 metre in radius), with a 
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distance of 20 m between the centre points of each circle. Within each circle, numbers of 

the individuals were recorded. 

In December 1999 at East Point, the population density was estimated separately from 

rock platform and silt-rubble area below the platform (see Chapter II). On the rock 

platform, individuals were more likely to be trapped in pools as only high spring tides 

cover the entire area of the platform. During ebb tides, pools of varying size remained in 

(or interspersed between) dry areas of the platform. Due to patchy pattern of the pools, 

transect lines in the rock platform were impractical. Instead, individuals from seven 

standing water pools were recorded, as were the surface areas of the pools. From these, 

an estimation of the number of individuals per square metre was calculated. 

On the lower area of the eulittoral zone at East Point reef, five circular quadrats ( 4 metres 

in · radius) were haphazardly distributed, as individuals seemed to have patchy 

distribution. Numbers of individuals in each quadrat were recorded to provide the mean 

number of individuals per square metre. At all sites, the temperature was recorded using a 

thermometer and the mean depth of water retained in the pools was measured using a 

ruler placed at several points within the pools. 

To assess the mean individual size in the populations during the study, 50 individuals 

were weighed in fresh condition every three months using Pesola field balance (500 

grams capacity). Data were collected from the individuals ofZl and Z2 area ofNightcliff 

and the rock platform at East Point. All individuals observed during reef walking away 

from the beach were measured during each sampling time. 

Only individuals with stiff skin were measured as they . were considered healthy and 

holding the optimum amount of water in their bodies. Each individual was immediately 

placed iB..a plastic bag suspended on the fiel~ balance (Pesola). Any water expelled from 

posterior end was included in the weight. This method was used to avoid removing a 
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large number of individuals from the habitats, and thus to minimise population and 

ecological disturbance. 

As drained body weight is the most commonly published indicator of individual size 

(Conand, 1981; OngChe, 1990; Chao eta/. , 1994), and individual measurements in this 

study relied on total fresh body weight, the wet weight of 25 individuals was measured 

prior to their transport to the laboratory for gonad exmination. Once at the laboratory, the 

individuals were drained and reweighed. This would be expecting to produce regression 

equation suitable for conversion of the field weight to drained body weight. 

III.3 Results 

Individuals produced through fission were observed every month on both reefs. Intensive 

fission occurred from January to April 1999 in the population of East Point, but not in the 

population of Nightcliff Mean size of individuals in both populations was relatively 

small, and the Nightcliff population consisted of smaller individuals than East Point 

population. 

ill.3 .1. Fission: occurrence, categories and frequencies 

Preliminary studies revealed that fission was occurring at Nightcliff and East Point 

populations. Out of 11 small size individuals collected at Nightcliff in August 1998, three 

were normal individuals (N), one was the mouth end with the wound open on its posterior 

(A), three individuals were in the process of regenerating their posterior complex (Ap) 

and 4 individuals had their new anterior complex (Pa). At East Point, one mouth end 
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individual (A), 3 anal end individuals (P) and 1 anteriorly regenerating individual (Pa) 

were collected in September I 998. 

Only one individual was found in the process of fission on the reef at Nightclitf during 

study period. The body of this specimen was twisted at a point approximately one third of 

the total body length to the anterior (Figure III 1 ). Spontaneous fission occurred in 10 of 

31 captive individuals in the aquaria in August, September 1998, March and April 1999, 

and January 2000 (Table Ill 1 ). These observations confirmed that asexual reproduction 

by fission occurred in the populations studied. 

Fission occurred throughout the year (Table ill 2). Frequency of fission in the East Point 

population was more variable than that of Nightclitf. Morphological examination of 50 

individuals in the habitats showed that at least one of the fission categories was present in 

every month except in July 1999 at East Point. In general, number of Pa was higher than 

Ap (2.0 to 0.9 in monthly average). Fission rate (fO/o) was relatively low (maximum of 

7%) and lower than regeneration rate (R% was up to 16%). Exceptions to this occurred in 

June at Nightcliff with 3% in fission rate and 2% in regenerating rate. Mean percentage 

of the population produced by fission at East Point and Nightcliff was 8.3 % and 6.0 %. 

Starting in January 1999, the fission rate at East Point increased steadily to the maximum 

(28%) in April 1999. 

Regeneration rate varied from 0% in July to a maximum 16% in March and 14% April 

1999 at East Point. At Nightcliff on the other hand, regeneration seemed more stable (2 to 

6%) with a maximum of 8% in March 1999. Comparing between the two locations, the 

maximum number of fission individuals and regenerating individuals was higher at East 

Point than Nightcliff. Salinity and water temperature at both sites ranged between 30~33 

%o and 32-36 °C and reached 38 °C in bright days in exposed areas, and 27-29 °C in 

shaded areas beneath large rocks. 
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High rate of fission at East Point occurred between January to April 1999. This coincided 

with the late wet season with heavy cloud cover and maximum rainfall . In this period, the 

reef was flooded most days. Maximum exposure time at two meters depth during this 

period was 3 hr/day (Figure ill 2). Sampling was conducted when the lowest tide in each 

month was below 2 m. Fission was at its minimum during dry season when mean daily 

bright sunshine was maximal (Table Ill 3 ). 

III.3.2. Fission area and anatomy 

Fresh weight of fission individuals from the aquaria was recorded (Table ill 1 ). The 

mouth end individuals (A) ranged from 17.40 to 61.14 grams (34.08 ± 13.48 SD, n=lO). 

The anal end individuals (P) weighed from 63.07 to 156.28 grams (101.65 ± 28.70 SD, 

n=IO). The wide range of individual size in each category was thought being related to 

the body weight of individuals prior to fission. 

As the fission process itself was not recorded, the constriction point was estimated after 

the specimen had completely divided. Morphologically, mouth end individuals (A) were 

always shorter than those of posterior end individuals (P), up to 1/3 - 1/4 times. This 

measurement is not readily defined as the holothurians stretched and contracted easily. 

On fresh weight basis, A individuals were on average 25.24 % (± 6.98 SD) of the total 

fresh body weight. 

Most fissioned individuals weighed up to 90 grams in fresh body weight (Figure ill 3). A 

and Ap individuals were commonly less than 60 grams, ranging from 24.9 to 125.0 

grams. P and Pa individuals were occasionally more than 90 grams, ranging from 37.5 to 

175 and 45 to 125 grams, respectively. 
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The condition of the internal organs of A or P individuals varied (Table III 4 ). Most 

fission individuals possessed empty, yellow or greenish intestines. The mouth complex 

(tentacle, mouth, calcareous ring and water vascular system) of A individuals was intact, 

intestines were short with the ruptured distal portion running straight to the posterior 

blind end. Gonad basis and proximal part of tubules remained in this part. Posterior end 

of the muscle bands reached the blind end and frequently joined the intestines. 

In P individuals, the anal complex (anus, cloaca, respiratory trees) were intact, tubules of 

Cuvier were still ejected when the animal was disturbed. These animals retained most of 

the intestines, which joined the muscle band ends at the anterior blind end. Ap had 

developed a membranous cloaca at the posterior end, while the anus aperture was present 

or absent. Pa individuals were found which had started to develop the anterior complex. 
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Figure III 1. A shows individual of Holothuria leucospilota undergoing fission on the 

reef(=>). B shows recently fission individuals captive in an aquarium. 

a: anterior (mouth) end; p: posterior (anal) end;~ : normal individual. 
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Table Ill 1. Proportion of A and P (gram fresh weight) individuals that 

divided transversally in the aquarium (n= IO). 

Date 

Aug-98 11.40 143.65 12.11 10.80 

Sep-98 61 .14 101.05 60.50 37.70 

24.54 63 .07 38.91 28.01 

Mar-99 30.39 87.04 34.91 25 .88 

32.07 102.93 31.16 23 .76 

29.74 98.72 30.13 23.15 

22.57 89.09 25.33 20.21 

Apr-99 29.43 73.49 40.05 28.60 

43.49 101.17 42.99 30.06 

Jan-00 50.03 156.28 32.01 24.25 

Average: 34.08 101.65 34.81 25 .24 

SD: 13.48 28.70 12.56 6.98 
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Table III 2. Number of individuals in each fission category observed at Nightcliff and 

East Point reef 

Date of Recently Re- l Fission Regenerating Product of 
ObseMtion fi~ion ge~rating 

I 
rate rate fission 

A ! p Ap j Pa F N (%) (%) (%) 

· East Pomt 

12-Sept.'98 I 3 0 2 0 44 4 4 12 

21-Nov. 0 0 0 3 0 47 0 6 6 

19-Dec. 0 0 0 48 1 2 4 

20-Jan. 99 0 0 4 0 45 0 10 10 

20-Feb. 2 0 3 0 44 2 8 12 

20-March 0 0 3 5 0 42 0 16 16 

17-April 5 2 4 3 0 36 7 14 28 

15-May 0 0 0 0 49 0 2 2 

14-Jtme 0 0 1 0 48 0 4 4 

09-July 0 0 0 0 0 50 0 0 0 

12-Sept. I 0 0 0 48 l 2 4 

24-Nov. 0 0 0 0 49 0 2 2 

Sum 10 5 11 24 0 550 15 70 100 

Avenge 0.8 0.4 0.9 2.0 0 45.8 1.3 5.8 8.3 

Nigh tel if! 
2Wct.'98 0 0 0 2 0 48 0 4 4 

19-Dec. 0 0 0 3 0 41 0 6 6 

20-Jan.99 0 0 2 1 46 2 6 8 

20-Feb. 1 0 0 0 0 49 1 0 2 

20-March 0 0 3 0 46 0 8 8 

17-April 0 0 1 0 48 2 4 

16-May 1 0 2 0 46 2 4 8 

14-Juoe 1 2 0 0 46 3 2 8 

04-August 0 0 2 0 47 0 6 6 

25-Nov. 0 0 2 0 47 0 6 6 

Sum 3 4 6 16 470 .9 44 60 

Average 0.3 0.4 0.6 1.6 0.1 47.0 0.9 4.4 6.0 

(See text for abbreviations. Product of fission was represented as a percentage of 

(A+P+Ap+Pa) to total individuals observed). 
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Figure III 2. Duration of reef exposure in 2m water depth (hr/day) at Darwin Harbour 

during the period of study. 

(Data is provided by Bureau of Meteorology, Darwin, NT) 
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Table I [J 0 Precipitation, daily bright sunshine and overcast dluring the periodJ of study 

~-- - - T -----

I Dec I Annually 
~ 

Nov 
.. _ __ 
Total monthly precipitation (mm) 
1998 78806 39708 62500 000 0.0 000 0.4 202 13.2 119.4 15606 598.4 2776.6 
1999 36002 52406 37500 000 000 0.4 0.4 000 708 10202 7606 250.0 189200 
2000 441.2 667.4 19408 806 8.6 0.2 000 0.0 0.4 77.4 6808 20506 2140.8 

Mean daily bright sunshine (hrs) 
1998 508 703 703 6.6 906 10.1 1005 10.5 906 807 805 409 8.4 
1999 5.6 4103 6.1 700 1006 900 1006 10.7 1005 803 7.8 605 801 
2000 503 405 5.4 6.6 906 1000 10.4 10.6 906 807 908 600 800 

Number of Clear days 
Partly cloudy days 
Cloudy days 

1998 2 2 5 9 20 16 23 25 15 7 2 0 126 
9 13 16 13 6 11 8 5 Jl 20 15 4 133 
20 13 10 8 3 3 0 1 4 4 13 27 106 

1999 0 0 1 0 23 18 27 23 27 6 4 0 129 
4 6 9 ll 6 8 4 7 3 18 13 7 96 
27 22 21 9 2 4 0 1 0 7 13 24 140 

2000 0 0 2 82 12 17 24 22 14 4 1 I 0 10-8 
6 4 5 12 JJ 7 6 6 14 18 13 9 Ill 
25 25 24 6 7 6 1 3 2 9 6 22 146 

Source: Climate and Consul1ancy in the Northern Territory Regional Office, The Bureau ofMeteoroiOb'Y (2001) 
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Figure ill 3. Size distribution of recently fission and regenerating individuals 

collected from the reef. 

(nwnbers represent total individuals in particular categories). 
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Table Ill 4. Anatomical condition of fission individuals from the reef and aquaria 

I Fission categories 
I (morph). 

A 

10 specimens 
in total 

p 

9 specimens 
in total 

Ap 

5 specimens 
in total 

Pa 

6 specimens in 
total 

Anatomical conditions 

• Anterior complex intact. 
• Intestines empty with yeUow or greenish colour; short with rupture at 
posterior end or running straight to posterior-blind-end, attached to inner 
body wall joining tips of 5 pairs of muscle bands while cloaca and anal 
aperture absent. 1 specimen observed to have small amount of fine-grained 
sand at distal portion of intestine, which not attached to inner side of 
posterior end of integument. Only on occasion muscle bands did not reach 
the posterior blind end. 
•Respiratory trees: only distal portion of right side. 
• Haemal network: present in several individuals. 
•Gonad: proximal parts of tubules hanging on gonad basis observed in 1 
individual 

• Anal/posterior complex intact. 
•Intestines thin, yellow or greenish; long enough to create "s" shape with the 
end free and ruptured; or straight with posterior end in association with 
inner wall of integument at anterior-blind-end, joining muscle band ends; 
mouth and other buccal compartment not developed. 
•Gonad: not found with gonad basis. A single individual maintained distal 
parts of gonad tubules free in body cavity 

• Calcareous ring and buccal area intact. 
•Intestine: always found reaching inner side of posterior-blind-end. Most 
with empty intestines 
•Cloaca: membrane like structure found in 2 specimens; absent in others 
•Gonad: not found. 
1 specimen found with a complete anatomy, except gonad. 

•Calcareous ring: might be absent or presen~ tentacles may not be obvious. 
•Intestines: distal portion always reached mner integument surface; 
relatively long, might be in "s" shape. 
•Haemal network: always present 
•Gonad: only one female and one male gonad were found fully-grown 
(orange in female and creamy in male, but tubules relatively small in 
number and dimension). One specimen . found with complete anatomy, 
except gonad (integument at anterior end was pale and print of tube feet 
arrangement still remained). 
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III.3.3. Population density and size of individuals 

Pools at Nightcliff were comparatively shallow with mean depth at low tide of less than 

30 em. The substratwn was silty on the bottom, and provided nwnerous shelters due to 

the presence of dead corals and rocks. At low tide, the water temperature of pools at each 

site ranged from 30-36 oC in exposed area, and 28-34 OC in the shaded crevices. Such 

high water temperature was measured every month during the daytime low tide. Fewer 

individuals were found closer to the beach. This area was possibly too dry or exposed for 

excessively long periods for holothurian survival. 

During low tide on the rock platform at East Point, several pools had deeper 

(approximately 50-70 em) and clearer water with relatively coarser sand grains and less 

silt on the bottom than those of Nightcliff. The water temperature at the lowest low tide 

ranged from 30-38 °C. Preferred sites for holothurians were pools with gentle water flow 

through. At the lower area, east-ward of the rock platform, pools were infrequent and 

shallower (less than 30 em) than those at the rock platform. The water temperature 

varied between 30 and 36 o C. 

Density assessed from transects at Zl and Z2 (according to Fern, 1995 classification) of 

Nigbtcliff provided an estimation of 0.054 individual m-2. At East Point, random 

sampling over the lower area gave an estimation of 0.077 individual m-2, while on the 

rock platform, the mean density in the pools was estimated 0.290 individual m-2
. 

Measurement every 3 months showed that the mean weight of individuals at Nightcliff 

was significantly smaller than that at East Point (t-test, P<0.05) (Figure ill 4). Exceptions 

occurred between June at Nightcliff and May in East Point (P=O.l514) (Table ill 5). This 

coincided with high fission rate at East Point (Table ill 2). 
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At Nightcliff, the largest individuals were between 200-225 grams drained body weight 

and only rarely reaching 275 grams. More than 50% of coliected individuals were 

weighed 50-125 grams, and individuals less than 50 grams were more common than 

those at East Point. Size range at East Point was wider than that at Nightcliff, with 

maximum size of individuals more than 450 grams. Small, up to 50 grams individuals 

appeared in May 1999, which coincided with a period following intensive fission (Table 

ill 1). 

Mean individual size between most sampling occasions at Nightcliff showed significant 

difference (Table Ill 5). This may be a consequence of a relatively stable fission rate, 

mostly 6-8% during study period (Table ill 2). At East Point, no significantly difference 

appeared only between January and September 1999. This coincided with before and 

after intensive fission period (Table III 2). 

Small normal individuals, approximately 9-10 em long and 40-55 gram in fresh body 

weight were thought to be juveniles, were observed in low numbers outside the transects 

at Nightcliffin March 1999 (3 individuals) and June 1999 (1 individual). 

The average percentage of drained water weight was 39.45 % (± 13.93 SD; n=32), 

ranging from 8.59% to 67.66% of the fresh body weight. This variation tended to have a 

correlation with gonad development stage, in which more advanced gonads contained 

less water. Animals with post spawning and spent gonads were estimated to have mean 

drained water 48.43 % (± 6.28 SD; n= l3), while those with growing and fecund tubules 

held less water. However, the last stages of gonads showed more v~ed in terms of water 

holding capacity among individuals (27.69%±14.36 SD; n=9 and 38.68%±12.50 SD; 

n=IO) (Table ill 6). 
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Figure ill 4. Size distribution of individuals of H.leucospilota inhabiting Nightcliff and 
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Table Ill 5. Comparison in mean size of individuals at Nightcliff and East Point 

(* =significant~ ns: not significant) 

Nigbtdiff vs East Point in four sampling time 

Nightcliff East Point Nightcliff vs East Point 
Mean ± SO Mean± SO 

October 1998 (130.35±3950) September 1998 (236.36±98.41) • 
January 1999 (102.55±54.02) f ebruaryl999 ( 194.50±79.39) • 
May 1999 (134.21 ±54.37) June 1999 (151.76±74.53) ns 

September 1999 ( 125.60±61.51} November 1999 (188.43±78.54) • 

Amongst sampling time at East Point 

Sampling period I {l} {2} {3} {4} 
Mean ± SD 1 236.36±98.41 194.50±79.39 151.76±74.53 188.43±78.54 

I 

September 1998 • • * 
{1} 
Jamwy 1999 • • OS 

{2} 

May 1999 * • * 
{3} 

September 1999 * ns • 
{4} 

Amongst sampling time at NightdifT 

Sampling period I {I} {2} I {3} {4} 
Mean ± SO 130.35±39.50 102.55±54.02 . 134.21±54.37 125.60±61.51 

October 1998 • ns ns 
{1} 

February 1999 • • • 
{2} 

June 1999 ns • ns 
{3} 

November 1999 * OS 

{4} 
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Table III 6. Proportion of drained body weight and integument to totai (fresh) body 

weight of investigated Holothuria leucospilota_ 

Cond_ of weight (gram) of as a percentage(%) oftotal body weight 

gonads total body drained integument drained drained integument drained 
body water body water 

After 174.31 99.63 78.36 74.68 57.16 44.95 42 .84 
spawning 141.21 70.16 58.67 71.05 49.68 •41.55 50.32 

138.94 77.61 64.82 61.32 55.86 46.66 44.14 

168.36 86.35 74.06 82.02 51.29 43.99 48.7 1 

182.92 95.85 78.99 87.06 52.40 43.18 47.60 

13D5 74.29 5i.60 59.06 55.71 38.70 44.29 

134.34 70.99 45.96 63.35 52.85 34.21 47.15 

155.72 83.62 60.10 72.i0 53.70 38.59 46.30 

155.92 50.43 36.78 105.49 32.34 23.59 67.66 

102.61 52.46 40.35 50.15 51.13 39.32 48.87 

160.01 80.79 62.37 79.22 50.49 38.98 49.51 

i20.36 61.73 41.32 58.63 51.29 34.33 48.71 

274.36 155.07 89.29 119.29 56.52 32.54 43.48 

Mean 157.11 81.46 60.21 75.65 51.57 38.51 48.43 

St.d 41.67 26.59 16.65 19.55 6.28 6.22 6.28 

Growiog 209.87 121.62 63.25 88.24 57.95 30.14 42.05 
179.30 163.90 56.08 15.40 91.41 31.28 8.59 

197.10 162.30 61.36 34.80 82.34 31.13 17.66 

365.10 305.10 126.27 60.00 83.57 34.59 16.43 

432.40 312.94 213.90 119.46 72.37 49.47 27.63 

250.10 179.90 63.99 70.20 71.93 25.58 28.07 

227.88 190.64 72.89 37.25 83.66 31.99 16.34 

209.87 121.62 63.25 88.24 57.95 30.14 42.05 

246.98 122.44 71.73 124.54 49.57 29.04 50.43 

Mean %57.6% 186.12 88.08 10.90 12.31 32..60 2,,69 

St.d 84.79 73.94 51.65 37.87 14.36 6.77 14.36 

Fecund 189.50 105.30 46.94 84.20 55.5' 24.17 44.43 
246.98 122.44 71.30 124.54 49.57 28.87 50.43 

312.55 270.58 88.78 4 1.97 86.57 28.41 13.43 

242.60 157.10 76.94 85.50 64.76 31.71 35.24 

266.89 173.56 85.96 93.33 65.03 32.21 34.97 

343.85 187.48 121.35 156.37 54.52 35.29 45.48 

229.46 136.32 78.02 93.14 59.41 34.00 40.59 

390.60 164.44 90.08 226.16 42.10 23.06 57.90 

258.40 188.05 84.92 70.35 72.77 32.86 27.23 

226.49 149.67 81.30 76.82 66.08 35.90 33.92 

Mean 270.73 165.49 82..56 105.24 61.64 30.71 38.68 

St.d 6CI.78 4~64 18.46 S%.45 12-SO 4.33 12.50 

Tocal mam %2~.88 137.32 75.03 83.56 60.55 32.60 39.45 

Std 80.62 67.54 32.47 39.26 13.72 13.72 
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Ill.4 Discussion 

Populations of Holothuria leucospilota inhabiting Nightcliff and East Point reproduced 

asexually at low frequencies throughout the year. Maximum fission occurred from 

January to April in the population at East Point. This coincided with a period when daily 

bright sunshine was minimal and rainfall was maximal. 

In recently fissioned individuals, the frequency of posterior individuals (P and Pa) was 

always higher than that of anterior (A and Ap) individuals. This may suggest that they 

have higher survival rate than anterior ends. The empty intestines in individuals produced 

through recent fission illustrated that they stopped feeding before fission. This may be a 

mechanism to facilitate division of the intestines. 

ill. 4 .1 . Phenomena of fission and regenerating individuals 

Process of self-division and regenerating the lost parts of the body are very common in 

echinodenns (Emson & Wilkie, 1980). Because of these capabilities, the fission and 

regenerating individuals found on the reefs may have been actually the result of 

attempted predation. However, spontaneous fission by several captive individuals, and 

one individual in the process of fission on the reef provided convincing evidence of the 

occurrence of asexual reproduction by fission in H.leucospilota populating Nightcliff and 

East Point reef in Darwin Harbour. 

None of the recently fissioned H.leucospilota individuals in situ had an open-ended body. 

The action of twisting and constricting occurring prior to fission was suggested to 

promote tight closure of the fission area immediately after the body separated. 

Observations made one and three days after spontaneous fission of captive animals 
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revealed no open ends at either portion, and the internal organs remained inside the 

bodies. This mechanism appears common in fissiparous holothurians (Emson & Wilkie, 

1980). Examples are H.surinamensis, which requires 1-5 days to completely divide the 

body into anal and mouth end portions (Crozier, 1917). Whilst, captive S.chloronotus in 

an aquarium required a maximwn of 12 hours (Uthicke, 1997). In S.chloronotus, in 

which the integument is ready to disintegrate, the mechanism appears to be simpler. 

Through a single observation, Uthicke (2001) report that the integument became softer, 

changing to semifluid prior to fission. With forward movement of the anterior part, 

without twisting and streching, the body divided into two. This occurred within about 5 

minutes. Such capacity may vary among holothurian species, regardless of the influence 

of environment factors. 

On the reefs, regenerating individuals (Ap+Pa) were found more frequently than recently 

fissioned individuals (A+P). This may indicate that replacing the missing body part 

required longer time than the fission process. Apparently, regeneration started on internal 

organs not long after the external wound healed. When several A and P specimens were 

sectioned, most of muscle bands had regrown, joining the intestine on the healed wound 

of both anterior and posterior ends (See Table ill 3). 

Individuals showed no indication of feeding activities as the intestines were empty and 

the anus was absent. In Ap individuals of the same species inhabiting Reunion Island, the 

anus developed prior to the lengthening of intestines forming a "s" shape (Conand eta/., 

1997). This may take considerable time. Even though regenerating individuals seemed to 

cease feeding, water quality should be maintained prior to investigating the regeneration 

process of fission individuals. During the preliminary study, 14 fissioned individuals 

collected from the reef were reared. The body wet weight qecreased continuously and this 

also occurred in the next rearing. 

To provide an understanding of regenerating period, anal end and mouth end individuals 

of H.parvula have been reported to re-grow the lost parts, excluding the gonads, in 3 
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weeks (Kille, 1942). Or, it may take two months to totally regenerate and start feeding, 

with the anal portion regenerate faster than the mouth end (Emson & Mladenov, 1987). 

The fissiparous S.chloronotus and non-fissiparous T.ananas have been reported to require 

3 and 5-7 months, respectively, to totally regenerate after being induced to undergo 

binary fission (Reichenbach & Holloway, 1995). Unless regenerating capabilities were 

varied among species, habitat and other external factors may play an important role 

during regeneration. More data on regenerating time among populations of the same 

species were required in order to identify mechanisms involved. 

Higher mortality of A/Ap (mouth end individuals) may be a possible cause for that of 

more common P!Pa individuals (anal end individuals) on the reefs. This feature was 

similar to that reported in H.leucospilota at Reunion Island (Conand eta/., 1997), and 

other species including H. atra populating Nanwan, Taiwan (Chao et al. , 1993) and 

S.chloronotus at Trou d'Eau station, Reunion Island (Conand eta/., 1998). However, in 

H.parvula inhabiting Fort St. Catherine, Bermuda, both end individuals have been 

suggested to have similar survivorship (Emson & Mladenov, 1987). A possible reason for 

higher mortality in mouth end individuals was that H.leucospilota anchored the body 

with their posterior parts as has also been reported by Bonham & Held (1963), while the 

mouth end was free. This made the mouth end individuals more easily washed away and 

more susceptible to predators while the anal end individuals (P and Pa) hold on to the 

substratum. 

The empty intestines of fission individuals may illustrate a halt to feeding activities (See 

Table ill 3). This condition is also apparent in other populatic;ms of H.leucosp ilota 

(Conand et a/., 1997) and H.parvula (Emson & Mladenov, 1987). A possible 

consequence was the lost of body weight In the populations investigated, all categories 

of fission and regenerating individuals were in the same range of size (Figure ill 3), 

despite the fact that anterior end is only 1/3 of the posterior. It is obvious that the more 

advance the regenerating stage, the more weight that may have been lost This explained 
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why the mean weight of regenerating individuals (P/Pa) may not always exceed that of 

anterior end individuals (A). 

111.4.2. Fission frequency 

Populations of H.leucospilota at East Point and Nightcliff reproduced asexually 

throughout the year. During late wet season, this activity became more intensive at East 

Point In other fissiparous species, conspicuous seasonal patterns have been reported 

from Bermudan H.parvula population (in late summer) (Emson & Mladenov, 1987), 

H.atra, S.chloronotus and H.edulis on the Great Barrier Reef (in winter, with distinc 

peaks between May to July (Uthicke, 1997). 

Monthly sampling revealed the respective mean fission and regenerating rates were 1.3% 

and 5.8% at Nightcliff, while 0.9% and 4.4% at East Point, respectively. In comparison, a 

single sampling analysis on H.leucospilota inhabiting Trou d'eau site, Reunion Island was 

5.2% fission rate and 4.3% regenerating rate (Conand eta/., 1997). 

At Nightcliff, fission rate increased slightly in the first half of the year 1999 (8% ). At 

East Point, the most active fission occurred from January till April 1999 (10-28%), which 

coincided with the highest rainfall in late wet season, when most of the days were cloudy. 

In this period, the reef was flooded most of the days. 

As the populations studied here underwent fission throughout the year, triggers must have 

been present continuously. However, considering environmental conditions (Figure ill 2 

and Table ill 3) during and before the intensive fission period, there may be some 

influential factors that promoted the increase in fission rate. 

more frequently temperature change may intensify fission as a consequence of cloudy 

sky and high rainfall 
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lower or frequent changes in salinity due to fresh water adding as a consequence of 

heavy rain fall and fresh water run off, was more apparent to be the trigger 

direct solar radiation was not considered to intensify fission because of the absence of 

clear day during the whole wet season (mean bright period (hr) per day during wet 

season was below the monthly mean). 

turbidity as consequence of heavy rain fall , tidal gushing or water turbulence may 

strengthen the stimulation of fission 

more food available was not apparent to trigger fission as there was stop feeding 

behaviour before fission and during regeneration. Othewise, food had been 

accumulated before, as it may be crucial to store sufficient energy which would be 

spent during fission and regeneration. 

Evidence of high fission rates during lowest daytime spring tides has been reported in 

H.atra (Harriott, 1982~ Conand & De Ridder, 1990). Desiccation, direct solar radiation 

and high water temperature have been suggested in previous studies to stimulate fission. 

Tidal action may act on fission in unknown ways (Uthicke, 1997). It has been assumed 

that stimulation of fission was a product of an extreme environmental condition, 

increased solar radiation at low tide (Chao et al., 1993). However, such environmental 

factors are unlikely to be the triggers for the H.atra population inhabiting the subtidal 

zone (Conand, 1996) and H.edulis inhabitig 12-15m depth (Uthicke, 1997). In the case of 

the H.atra population, it is suggested that anthropogenic activities, such as eutrophication 

and reef disturbances, were able to stimulate fission through increased food availibiiity 

(Conand, 1996~ Uthicke eta/., 1998). 

Spontaneous fission of H.leucospilota also occurred in the laboratory where direct solar 

radiation, tidal and wave action were absent. In comparison, when three fissiparous 

species, 30 individuals of H.atra, 45 of S.chloronotus and 20 of H.edulis, were kept in 

1000 litre outdoor tank with natural flowing sea water, S.chloronotus and H.edulis 

underwent fission while H.atra did not (Uthicke, 1997). Unless unknown stimulating 

factors were present in the laboratory, it is more likely that the individuals have been 
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naturally stimulated before being transferred to the laboratory. In this case, the triggers 

required an "incubation time" before individuals act on the stimuli . This is a doubtful 

argument for H.atra, as this species did not undergo fission in the laboratory. 

Furthennore, as fission still occurred 2 to 3 weeks after the individuals have been held 

captive in the laboratory without feeding, lack of nourishment may be possible as a 

fission stimulator. However, there was evidence of stop feeding before fission occurred, 

which has also been reponed by Co nand et a/. ( 1997). Besides, it is not likely in the case 

with H.atra living in eutrified area (Conand, 1996), where ample food was available for 

sediment feeders (Uthicke and Klumpp, 1997 cyt. Uthicke, 1997). 

In the present study, empty intestines and blind ended fractions of gonadal tubules in 

recently divided individuals may demonstrate that fission was not an instant process. 

Internal organs and metabolism seemed to be prepared for complete division. This may 

indicate that fission stimulating factors required a period of time for individuals to 

acclimatize anatomically and physiologically, before complete division occurred. This 

period of time may be essential for successful regeneration. The phenomenon of stop 

feeding observed in recently fissioned individuals requires funber investigation, as halt in 

feeding may occur without any correlation with fissiparity. This has been reported in 

subtropical species dendrochirote Cucumaria frondosa which showed seasonal fasting in 

the Bay of Fundy, Canada (Singh eta/., 1999). 

When two or more fissiparous species share a habitat, not all of them undergo fission. At 

Rongelap Atoll, fission is triggered in H.atra, but not in H.leucospilota (Bonham & Held, 

1963). At Heron Island, S.ch/oronorus undergoes fission, but not H.leucospilota 

(Franklin, 1980). In population of H.leucospilota, H.atra and S.chloronotus that share the 

same habitats, only H.leucospilota has been reported to undergo fission (Townsley & 

Townsley, 1973). This also seemed to be the case of captive species observed by Uthicke 

(1997) mentioned above, in which tidal and wave action may regulate fission of H.atra, 

in unknown ways. It may be concluded that each species varied in their triggering 
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requirements. In addition, basic factors such as genotype may vary among populations of 

fissiparous species. 

It would appear that fission triggers are complex phenomena and unrecorded factors may 

have been overlooked. Several factors may work together and play role in fission 

regulation. Prior to total division, triggers may work in preparing anatomical and 

physiological condition. Stop feeding and the presence of blind-ended gonadal tubule 

fractions (discussed below) were evidence of such requirement. Inducing fission by 

controlled experiments on H.leucospilora and other fisiparous species would be a fruitful 

area for further research. 

III.4.3. Fission area 

Multiple fission was not observed in the H.leucospilora populations studied, nor has it 

been reported from other fissiparous holothurian species. The exception is H.parvula, in 

which 6 out of 233 fission individuals were reported without both mouth end and anal 

portion (Emson & :Mladenov, 1987). More information is required to include discussion 

of multiple division in asexual reproduction, as it is very rare and only observed from a 

single group of individuals collected at the same time. 

The fission point in H.leucospilota investigated was 25.24% anteriorly of the total body 

weight, the mouth end portion was smaller than the anal end. In other population of the 

same species inhabiting Reunion Island, the fission point is located 19 % or 1/5 anteriorly 

of total body length (Conand et a/., 1997). As the parameters of measurement were 

different, similarity between these findings is that the anterior (mouth) end is smaller than 

posterior (anal) end. Fision of the population in Fanning Islands shows the same 

phenomenon (Townsley & Townsley, 1973). H.atra has also been reported to have larger 

anal ends (Chao et a/. , 1993; Conand., 1996), while in S.chloronotus, the mouth end is 
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slightly larger than the anal end individual (Conand et a/., 1998). ln H.parvu/a (Kille, 

1942; Emson & Mladenov, 1987) and H.surinamensis populations (Crozier, 1917), the 

area of constriction is in the middle of the body. As such, it appears that fission point of 

fissiparous holothurians was likely to be species specific. 

Recently fissioned individuals were observed carrying gonads in the present study. When 

a captive individual underwent fission, the gonad basis and proximal part of tubules (in 

fecund stage) remained in the anterior end (A), while the distal parts of the tubules 

remained free in body cavities of posterior end individuals. This finding is in contrast to 

that occurred in the same species at Reunion island (Conand eta/. , 1997), in which gonad 

basis remained with the posterior end individuals. There was no open-end of tubules at 

the breaking points. This allowed full-grown oocytes retaining within the tubules. It 

seemed that gonadal tubules had been divided in anticipation of fission. The presence of 

gonads was also observed when visiting East Point reef in March 2001 , in which three 

anterior end males were observed carrying relatively short (proximate parts) fecund 

tubules. 

ill.4.4. Population density and size of individuals 

It has long been debated whether or not asexual reproduction influences the population 

density and size of individuals in populations of fissiparous species. In order to 

understand factors influencing asexual reproduction and associated phenomena, several 

researchers including Chao et al. (1993), Conand (1996), Conand· eta/. (1997), Conand 

et a/. ( 1998) investigated the ecological parameters of fissiparous species with and 

without fission. 

The populations inhabiting Nightcliff reef and East Point reef comprised of relatively 

small individuals, mostly up to 225 and 350 grams in size class, with a density ranging 

from 0.054 to 0.29 individual m-2. A population of the same species inhabiting Heron 
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Island, in which fission was not observed, has been reported to have wet body weight 

between 10- 1200 grams, with a density of 0.031 - 0.245 individual m·2 (Franklin, 1980). 

Commonly, populations of fissiparous holothurian species undergoing fission have 

relatively small individuals and high population density (Conand et a/., 1998~ Uth.icke, 

2001 ). This phenomenon has been demontrated by H.atra populations inhabiting Nan wan 

and Walitung in Taiwan (Chao era/., 1993), and S.chloronorus populating Trou d'Eau 

and 'Etang Sale' station, Reunion Island (Conand el a/., 1998). 

High fission rates during January-April 1999 at East Point, demonstrating relatively 

intensive asexual reproduction, resulting in the appearance of smaller individuas (less 

than 50 grams) and a decrease in mean individual size from January (195.50± 79.39 SD) 

to May sampling (151.76 ± 74.53 SD). This condition confirmed to the conclusion that 

fission activities reduce individuai size (Uthicke, 2001 ). 

In September, mean size increased (188.43 ± 78.54 SD), and the fission rate decrease 

considerably. It seemed that the populations consisted of small size individuals that were 

the product of fission, as suggested by Uthicke ( 1997, 2001 ). Furthermore, when only 

relatively small individuals were present, the habitat may accommodate larger numbers, 

because carrying capacity of a habitat is generally dependent upon biomass rather than 

number of individuals. However, comparison of population density among a fissiparous 

species is not simple as many ecological and physical factors are thought to be 

responsible for determining population size. 

III.4.5. Role of fission in the population 

It was suggested that a high rate of fission, and a low recruitment of j uveniles produced 

through gamete fertilization, may indicate that fission is important in sustaining local 

populations. Fission may play a role in either maintaining (Emson & Mladenov, 1987~ 
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Conand eta!., 1998) or increasing population density (Chao et a/., 1993~ Chao et a!., 

1994). This seems to be the case in Nightcliffand East Point populations, where no small 

normal individuals less than 10 em long or weighing less than 10 grams fresh body 

weight were found. 

There is no report of a fissiparous species that does not develop gonads. On the other 

hand, it is a nature of all holothurian populations to sexually reproduce without the 

occurence of fission. This may indicate that fission is a secondary tactic, operating when 

sexual reproduction fails. 

Every population attempts to reach optimum density in its habitat (Uthicke, 1997). In 

fissiparous holothurians, both asexual and sexual reproduction may occur simultaneously 

in order to maintain their populations at optimum density. When sexual reproduction is 

incapable in attaining optimum population density then fission may be initiated to 

produce new individuals. In this instance, fission acts to compensate for unsuccessful 

recruitment by sexual reproduction, as suggested by Uthicke et a/. ( 1998, 1999, 2001 ). 

This hypothesis requires further investigation. 

However, if the dual role of fission in population maintenance is acceptable (as a 

replacement for and supplement to sexual reproduction), then it is unlikely that fission 

reduces sexual reproductive potential as suggested by Emson & Mladenov ( 1987), Chao 

eta/. (1994), Conand (1996). Sexual reproductive efficiency (including fecundity) may 

decrease synchronously with size reduction of individuals (as a product of fission). In 

addition, development of gonads in the population should not be a guarantee of 

successful recruitment, as failure may occur during fertilisation, embryonic and larval 

development, or juvenile settlement. When environmental factors provide more risks to 

sexual reproduction, fission may become more common in the population, as individuals 

produced by fission have already adapted to their parent's habitat (Emlet eta/., 1987). 
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Recent developments in genetic tests on holothurians to identify lineages (Uthicke el a/. , 

1998) may prove useful to detennine the significance of both sexual and asexual 

reproduction in maintaining the size of populations. Fission is possible to alter sex ratio 

of the populations (Uthicke, 2001). Sex ratio is possible to change if male and female 

possess different capability on undergoing fission. Population of East Point maintained 1 

to 1 sex ratio as would be demonstrated in the next chapter (Table IV 1 ). 
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Chapter IV. Ovary development of Holothuria leucospilota 

IV. I Introduction 

Descriptions of the holothurian reproductive system as primitive may be justified in terms 

of the lack of gonadal capsule and the simple structure of both the gonadal tubules and 

the gonoduct (Strathmann & Sato, 1969; Franklin, 1980; Smiley & Cloney, 1985). 

Despite such a simple structure of the organs, aspects of the reproductive mechanisms 

have been reported to vary. 

Generally, aspidochirotida holothurians possess either a female or male gonad (Hyman, 

1955; Smiley et al., 1988; Smiley, 1990). There are virtually no external characteristics 

that can be used to distinguish between the sexes, as most possess a relatively thick skin, 

lack genital papilla, and do not exhibit brooding behaviour thought to promote sexual 

dimorphism (Hyman, 1955; McEuen, 1987; Smiley, 1988a). There are only few reports 

of hermaphroditism in holothurians. Six species from the order Dendrochirotida and 

Aspidochirotida have been listed as hermaphroditic (Smiley et al. 1988), including 

Cucumaria laevigata (Dendrochirotida) and Mesothuria intestinalis (Aspidochirotida) 

(Hyman, 1955). 

Morphologically, the holothurian gonad is composed of several straight, slender, blind 

ending pipe-like organs. Tubules may branch dichotomously along the length (Hyman, 

1955). Saccules may develop at the tip of each tubule, such as in Stichopodidae: 

T.ananas and S.ch/oronotus (Conand, 1993), and Synalactid: Bathyplotes natans (Tyler et 

a/. , 1994). 
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The gonadal organ of hoiothurians thus far shows that it comprises singie or two tufts of 

tubules. Single tuft of gonadal tubules tends to be more common in order Holothuriidae 

(Aspidochirotidae ), including A.echinites (Conand, 1982), H.parvula and Holothuria 

coluber (Banluta-Batoy eta/., 1998), H.scabra (OngChe, 1985~ Tuwo, 1999~ Morgan, 

2000a) and H.forskali (Tuwo & Conand, 1992). From stichopodidae, there is 

S.califomicus (Smiley & Cioney, 1985; Smiley, 1988a). rpsilothuria ralismani (Tyler & 

Gage, 1983) is example of single-tuft-gonadal-tubule dendrochirotidae. Two tufts of 

gonadal tubules in either side of mesenteries are possesed by few species of 

stichopodidae: S. mollis (Sewell, 1992), S.chloronorus (Conand er a/., 1998), T.ananas 

(Conand, 1981), and dendrochirotidae T.briareus (Kille, 1939). 

Besides the number of gonadal organs, variation also occurs in tubule development of 

individual gonads. This may be either concurrent or subsequent. The concurrent 

development of gonadal tubules has been observed in H.atra, H. impatiens and H.edulis 

(Harriott, 1985), S.mollis (Sewell, 1992), H.leucospilota (OngChe, 1990), andA.echinites 

(Conand, 1982). In this type of development, the tubules within an individual grow 

simultaneously and become fecund at the same time. The entire tubular gonad releases 

oocytes in one spawning season. In a population where gonad development occurs 

simultaneously and spent tubules are absorbed after the reproductive season is over, 

gonads may disappear from the population during a certain period. Interestingly, 

absorption of spent tubules may not occur across a species. In New Zealand, S. mollis 

populating the east coast of the North Island, absorbs the gonadal basis and spent tubules 

after spawning, whereas a population in the South Island maintains their spent tubules 

(Sewell, 1992). 

Subsequent gonad development occurs in some holothurians, such as S.califomicus that 

carries 3 groups of tubules: primary tubules (which grow at the most anterior part of the 

gonad basis), fecund tubules (occupying the most posterior region of the gonad basis) and 

the secondary tubules which are in between (Smiley, 1988a). This also occurs in 

H.forskali (Tuwo & Conand, 1992), H.parvu/a, H.briareus (Kille, 1942), H.nobilis 
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(Conand., 1981 ), S.japonicus (Tanak~ 1958) and most species studied by Eckelbarger & 

Young (1992). It has also been observed in P.fabricii which possesses two groups of 

tubules (Hamel eta/., 1993). In this case, full-grown gametes are only released from a 

part of the gonad (fecund tubules) while the other parts grow. 

Variation may occur among populations of a species. Example is dendrochirot 

C.frondosa (Dendrochirotida) populating in the north east coast of America. This species 

has been reported to possess two groups of gonadal tubules in different stages of 

maturity, while the same species inhabiting eastern Canadian waters possesses only one 

group of gonadal tubules (Hamel & Mercier, 1996c ). Geographical and latitudinal 

difference is suggested being influential to such variation (Sewell, 1992~ Hamel & 

Mercier, 1996b ). 

Gonadal tubule lining consists of four distinctive structural tissues. The outermost is a 

peritoneal complex, consisting of squamous, cuboidal or columnar epithelial cells 

standing on a basal lamina. Nerve cells are located between the epithelial cells. Just 

beneath the outermost layer, smooth muscles run longitudinally andior radially. At the 

middle region of the tubule lining is a connective tissue compartment, in which blood 

lacunae are scattered. The innermost layer, bordering the tubule iumen, consists of 

epithelial and germ cells (Hyman, 1955; Atwood, 1973; Smiley & Cloney, 1985~ 

Eckelbarger & Young, 1992) 

Oocytes within a tubule develop from germ cells which emerge from the connective 

tissue of the gonadal basis and tubule lining. During gametogenesis, oocytes move into 

the tubule lumen (Smiley & Cloney, 1985; Smiley, 1988a). 

Holothurian oocytes are categorised as follicular eggs, in which follicle cells are involved 

in oocyte development. Follicle cells differentiate from the inner tubule lining epithelia, 

and encircle each oocyte creating a microenvironment. (Strathmann & Sato, 1969; 

Franklin, 1980; Smiley & Cloney, 1985). These cells are reported to produce a maturing 
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hormone (Strathmann & Sato, 1969). Fully grown oocytes of S.califomicus that are 

located in the lwnen have been freed from follicle cells (Strathmann & Sato, 1969~ 

Franklin, 1980~ Smiley & Cloney, 1985). 

Franklin ( 1980) classified H.leucospilota oocytes within gonadal tubuJes into four stages 

of development. Stage I includes oogonia and previtellogenic oocytes~ stage ll includes 

oocytes in which yolk had started to accumuJate, and this extend to stage ill ~ stage IV 

was when oocytes reach maturity, occupied the centre of the tubule lumen and were free 

from the surrounding follicle cells. However, the earliest observable female gametes 

vary. In B.natans, primary oocytes 5-10 ~m in diameter, are reported to be the smallest 

eggs detected (Tyler eta/., 1994), while in S.californicus oogonia are greater than 7 1-lm 

in diameter were found to be the smallest in early developing tubules (Smiley & Cloney, 

1985). 

The maximum dimension attained by oocytes varies among holothurian species. In fresh 

condition, maximum diameter of Cucumaria pseudocurata (Deichmann) oocyte, was 916 

to 1237 j..lm (McEuen, 1987), but only 150 ~m in Sjaponicus (Drosdov eta/., 1991). 

Nutrients consumed for gonad development are suggested to be distributed to either a 

large quantity of small eggs or smaller number of large eggs (Emlet ec a/., 1987). This is 

evident in the oocytes of H.atra and H.edulis, which are smaller in size but larger in 

number than those of H. impatiens (Harriott, 1985). This is worthy of note as the first two 

species are fissiparous whereas the third is a non-fissiparous species. Otherwise, the 

difference in egg size probably reflects differences between lecitrophic and planktophic 

development. Considerably, more work has to be done to resolve this question and this is 

beyond the scope of the present work. 

In light of the variations occurring amongst holothurian populations, it was of interest to 

investigate reproductive biology of an, as yet, unstudied holothurian population. This 

chapter discussed aspects of sexual reproductive strategies including synchrony in tubule 

development, evidence of annual reproductive cycle and resting period. Emphasis was 
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placed on ovaries due to the need for practical spawning experiments in which oocytes 

are larger and more easily observed than the sperm. 

IV .2 Materials and methods 

There has been no investigation of holothurian populations inhabiting Nightcliff and East 

Point, except for those .by Pope (1967) and Ferns (1995) who reported the existence of 

this macro fauna in the reef communities. Density of H.leucospilota in both sites was low 

and consisted of small individuals (previous chapter), which may contrast to the same 

species populating Reunion Island (Conand et a/., 1997), Heron Island (Franklin, 1980), 

Fanning Island (Townsley & Townsley, 1973), and Hong Kong waters (OngChe, 1990). 

A total of sixty four ovaries out of 170 individuals of H.leucospilota was collected from 

East Point reef. The collections were conducted on a monthly basis between August 1998 

and January 2000. Exception was in April 1999, when sampling was conducted twice 

(15th and 29th), because all of the gonads were in fecund stage of development in the first 

sampling. Inconsistency in sample size (5-18 individuals/month) was due to limited 

population size and conservation policies on the study sites. 

In consideration of small individual size in the population, only those individuals 

weighed ~ 200 grams in fresh body weight were collected. This size was determined after 

a preliminary study revealed that individuals weighing at least 200 grams in fresh 

condition carried gonads. H.leucospilota in Hong Kong waters was mature at 93.8 -177.5 

gram wet body weight (OngChe, 1990). 

Gonads were removed from the body cavity after creating a small incision on the antero

dorsal integument of each individual. Using small forceps, the gonad basis where tubules 
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originated, was carefully removed. As holothurians have a great potential for 

regeneration (Hyman, 1955), part of the gonad sample was collected on the reef and the 

dissected bodies returned to the habitat Chao et al. ( 1994 ), utilized this method and 

reported that the scar on the dorsal part of H.atra caused by incision disappeared within 6 

months. Approximately 8 and 11 months after the first sampling, I observed 2 

individuals with a scar at the point of incision. These animals were likely to be 

individuals that had recovered from previous gonad collections. 

A total of twenty five individuals were weighed in drained condition. A small incision 

was made on the dorsal side of the body to collect the gonad. Before the gonad was 

removed, the total drained body and separated gonad were weighed to the nearest 0.001 

grams. In addition, records were made of other morphological features observed on 

gonads including consistency, coloration and approximate range in size of the tubules. 

The use of a dissecting microscope or low magnification of a compound microscope 

assisted in recording varied density and size of granules ( oocytes) inside the tubules. 

Histological examination aided in sex identification of gonadal tubules that was 

morphologically indistinctive. For this reason, a part of each gonad collected was fixed in 

10% buffered formaldehyde for a maximum of 8 weeks. After subsequent dehydration in 

gradually increasing concentrations of ethanol and clearance in histoclear, gonads were 

embedded in paraffin for 5-6 f.1ID. sectioning. To make the sections clearly visible under a 

light microscope, haematox:ylin and eosin staining procedures were applied and adopted 

from (Disbray & Rack, 1977). Significant deviation from 1: 1 sex ratio was calculated by 

applying a Chi Square test to the total sample collected during the period of study. 

Measurement of oocyte dimension was conducted on fresh materials mainly from 

developing and fecund ovarian tubules, and from histological slides. An occular 

micrometer was set up on a compound microscope to measure diameter of oocytes. On 

histological slides, only oocytes cut through the nucleus were measured twice 
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perpendicularly. A camera Iucida was set up in a compound microscope in order to 

provide drawings of ovarian histology in each stage of development. 

Collected ovanes were used to determine gonad development, based on both 

morphological and histological characteristics. Environmental conditions as described in 

Chapter ill (Table III 4, Figure III 3) were used to identify external factors which may 

provide clues to spawning stimulation. 

IV. 3 Results 

A total of 170 individuals of Hleucospilota was sectioned to collect the gonads. This 

sample consisted of 59 males, 64 females and 4 7 individuals that possessed unidentified 

gonads or had no visible gonads. Chi Square test indicated no deviation from 1: 1 sex ratio 

(Table IV 1). Difference in color and consistency of large gonadal tubules made 

distinguishing between sexes possible (Figure IV 1 ). 

IV. 3 .1. Structure of ovarian tubules 

H.leucospilota, was dieucious and sexes could only be distinguished by investigating 

excised gonadal tubules. Anatomically, the gonad of Hleucospilota was easily 

recognised as a tuft of tubules hanging in the anterior part of the body cavity (Figure IV 

IA). It contained either male or female tubules that protruded from a gonadal basis · 

attached to the fore gut. Under a dissecting microscope, numerous rod spicules were 

observed over the tubule surface,. similar to the appearence the gonadal tubule lining of 

T.ananas, S.chloronotus and S. variegatus (Conand, 1993). 
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The gonad basis could be more readily located by following the gonoduct, which was 

located along the side of the anterior part of the intestines, and ending at the gonopore 

(which was not easily distinguished morphologically) at approximately 2-3 em from the 

oral end. When a male spawned at the laboratory in the second week of February 2000, 

the gonopore was observed at approximately 2 em behind the mouth, on the dorsal part of 

the body. 

Gonad basis was thin and whitish in appearance and most commonly saddle shape as that 

in S.californicus (Cameron & Fankboner, 1986~ Smiley, 1988a). In fecund ovaries, this 

structure was stretched out due to heavy and large tubules suspended on the gonad basis. 

Tubules were arranged in two rows on the basis. Each tubule was a straight pipe-like 

organ without any saccule structure. Tubules bifurcated several times but rarely more 

than 4 times. The dimension, colour and number of tubules were correlated with the 

developmental stage. Male tubules were always white or creamy white in colour, while 

female tubules were more transparent and granulous inside and became reddish orange in 

fecund ovaries. 

The smallest ovaries found were in the early developmental stage, consisted of 7 · 

transparent tubules, less than 8 mm long, 0. 01 gram weight. Whereas the largest ovary 

was in fecund stage, consisted of more than 14 large orange tubules (81.92 grams) 

protruding immediately from the basis. Advanced gonads were heavier as a consequence 

of an increase in gamete number and volume (Table IV 2). Tubules at the anterior part of 

the basis were frequently shorter, but width, coloration and internal appearance were as 

others. Since the number of tubules increased during development,. the volume of gonads 

was consequently greater in more advanced ovaries. 

Each gonad collected (male and female) tended to have tubules in a similar status, 

indicating synchrony in development (Figure IV 2). Exceptions were observed in one 

female and one male collected in August 1999. Gonads of these two individuals 

possessed two different stages of tubule development, fecund and post spawning. 
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Histological investigation revealed that the tubule lining was composed of an outermost 

layer, a muscle stratum, a connective tissue compartment and an iMermost layer (Figure 

IV 3A and G). The outer layer consisted of a single layer of squamous peritoneal cells. 

Just beneath this layer was a relatively thin muscle stratum, in which the fibres were more 

likely to be cut diagonally in a transversely sectioned tubule. Fibres were often observed 

perpendicular to the tubule surface. 

The coMective tissue portion was thiMer in larger, more advanced tubules. Wandering 

cells or coelomocytes were frequently observed among fibres and cells of connective 

tissie (fibroblast) (Figure IV 3G). 

The lumen of tubules was lined with two types of cells (Figure IV 3A). The epithelial 

cells were smaller(< 8 J..LID) with an ovoid or spherical nucleus (1-2 J..Lm in diameter) 

where chromatin clustered Larger cells were spherical, up to 10 - 12 Jll11, possessed a 

larger, clearer and spherical germinal vesicle (nucleus), 5-6 J..Lm in diameter. 

Characteristics of these cells were similar to the description of germinal cells by Hyman 

(1955). They were commonly aggregated, especially in the early development stage of 

ovaries. Lumen of gonadal tubules was occupied by larger oocytes encircled by a jelly 

layer and follicle cells. More detailed observations would be presented ultra structurally 

in the next chapter. 
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Table IV l . Numbers of individuals collected from East Point reef 

and estimation of sex ratio. 

CoiL date total male female unidentified 

1998 August 12 0 0 12 

September 11 5 3 3 

October 9 2 4 3 

November 14 5 9 0 

December 7 4 3 0 

1999 January 8 4 4 0 

February 9 5 4 0 

March 10 6 4 0 

April 11 3 6 8 

May 13 5 4 4 

June 18 4 6 8 

July 8 0 0 8 

August 13 5 8 0 

September 5 3 

October 

November 

December 7 4 3 0 

2000 January 9 6 3 0 

Total 170 59 64 47 

(xvalue observed (0.203) < xvalue expected (3.841) (df= 1 ~ p = 0.05)) 
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Figure IV 2. Fractions of ovarian tubules of Holothuria leucospilota viewed Wlder a 

dissecting microscope, showing early stage (formaldehyde fixed) (A), 

growing stage (fresh) (Band C), fecund (fresh) (D), after spawning 

(formaldehyde foced) (E and F). 

Male tubules appear as G - I, representing growing, fecund and after 

spawning. J represents unidentified tubules 

Scale bars: 1 rrun 
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Figure IV 3. Cross sections of Holothuria ieucospilota ovarian tubules, showing early 

stage of development (A), growing (B), fecund (C and D), post spawning 

(E). F shows fully grown oocytes excised from a fecund tubule. G is a 

fraction of tubule lining, showing fibroblast (fr) and coelomocytes (c). 

1: outer most layer (epithelial tissue)~ 2: muscle; 3: connective tissue; 4: 

innermost layer; f: follicl e cell; h: haemal sinus; j : jelly layer; L: tubule 

lumen~ n: nucleus; o: oocyte; p: protuberance; tl: tubule lining. Arrows show 

broken gerrninaJ vesicles. 
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Table IV. 2. Size of ovarian tubules and oocytes in different stage of development 

I Ovarian stage of Ovarian tubules Oocyte 
j development length 1 diameter diameter 

Early developing > 70cm < 0.9mm 5-60 ~m 

Growing 22-25 em < 2.5 mm, may 5- llO~m 

reach 4 mm 

Fecund 20-30 em, may 4-5 mm 120- 140 ~m 

reach 40-4 5 em 
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IV.3.2. Classification of oocytes 

Histological slides revealed that the genninal vesicle, the nucleus of an oocyte, was 

always intact and remained so in fully grown oocytes within fecund tubules. Oocytes 

with broken genninal vesicles (GVB) and/or polar bodies were never observed in 

histological studies of fecund tubules. A jelly layer surroW1ded all oocytes, except those 

that were small and associated with the tubule lining. This layer appeared to isolate the 

oocyte and tended to be thicker in larger oocytes, reaching 20 Jlm in fresh condition. 

Oocytes located in the lumen of ovarian tubules were always surrounded by follicle cells 

that remained until the oocytes reached their maximum size. When a late growing or 

fecund tubule was ruptured, full-grown oocytes readily spilled out but remained clustered 

due to the presence of follicle cells. Individually separated oocytes commonly shed the 

follicle shield and protuberance but maintained the jelly layer. The shield accumulated at 

the distal end of the protuberance prior to being completely removed from the oocyte. 

Striated structures radiated from the oocyte membrane through the jelly layer. 

Three categories of oocytes within gonadal tubules were identified histologically (Figure 

IV 3 and IV 4): 

• previtellogenic oocytes: small oocytes, commonly 10-30 Jlffi. Larger oocytes, up 

to 50 Jlffi, were foW1d occasionally. Oocytes in this stage were always in 

association with tubule lining, embedded or attached. In haematoxylin-eosin 

staining, the cytoplasm was smooth with heavily haematoxylin stained. The 

nucleus was relatively large, 6-12 J..llll in diameter, and centrally positioned 

Jelly layer was absent. The follicle shield was occasionally present in oocytes 

with the apical side free to the lumen. 
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• vitellogenic oocytes: small to larger oocyte, the diameter varied from 40-50 to 

90-100 J..lm, occupying cortex to the centre of tubule lumen. Nucleus was larger 

in greater size of oocytes, ranging from 10 to 50 J..lm. Both follicle cells and 

jelly layer were always present. Oocyte stained pink in haematoxylin and 

eosin. The cytoplasm appeared granulous, and more obvious in larger oocytes. 

• post-vitellogenic oocytes: fully grown oocytes which had reached maximum 

size, 90-110 J..lm, with a peripheral nucleus, generally 45-52.5 J..lm in diameter, 

and a nucleolus of 5-7.5 J..lm in a peripheral position. The je1ly layer was up to 

8- l 0 J..lm thick. These oocytes may be polygonal or spherical at maximum 

tubule density. Pink granules filled the cytoplasm in haematoxylin-eosin 

staining. 

Fully grown oocytes, which spilled out from ruptured fecund tubules, were 140-150 J..l1Il 

in diameter in fresh condition, with a 60-65 J..lm nucleus and an approximately 15 J..lm 

nucleolus. Each oocyte was encircied by a 17.5-20 J..lffi thick of jelly layer. When oocytes 

from the same gonad were measured from histology slides, the largest diameter was only 

90-110 J..lffi, with nucleus 45-52.5 J..lffi and nucleolus 5-5.7 J..lm. Reduction in oocyte 

diameter was estimated to be 26.7- 35.0 %. 
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Figure IV 4. A drawing illustrating oocyte migration during development (no scale). 

f: follicle cell; j : jelly layer; n: nucleus; nc: nucleolus; o ooplasm; 

p: protuberance; tl: tubule lining 
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p 

A Previtellogenic oocyte (arrow) 
embedded in an ovarian tubule lining 

B Previtellogenic oocyte is liberating 
from the tubule lining. Follicle cells 
start encircling the apical side of the 
oocyte facing the lumen 

C Vitellogenic oocyte at the periphery of 
the tubule lumen. Jelly layer starts to 
develop 

D Vitellogenic oocyte moves further from 
the tubule lining, jelly layer grows 
thicker 

E Fullgrown oocyte ·tocated in the middle 
of tubule lumen, with granulous 
ooplasm and a thick jelly layer 
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IV.3.3. Development of ovarian tubules 

Morphological studies of the gonad indicated that tubules develop simultaneously in an 

ovary and synchronously among individuals in the population (Figure IV 1, 5). Gonads 

collected at the same time were more likely to share morphological and histological 

features in both females and males (Table IV 2). All tubules within each individual ovary 

were always at the same stage of maturity. There were four distinct categories of ovaries: 

early developmental stage, growing, fecund, and post-spawning (Figure IV 2 and IV 3). 

This indicated that a seasonal pattern of reproduction was present in the population. 

As gonad development was a continuous process, it was not unusual to find gonads 

between defined stages. My choice in terminology was deliberate in order to avoid using 

functional terms to describe structural stages. The use of the term 'mature tubules' was 

avoided to prevent confusion, as fecund gonads may not contain mature oocytes, as 

reported by several researchers including Maruyama (1980) and Holland (1981). 

I used after or post-spawning stage to indicate after spawning activity, a stage in which 

gonads were gradually absorbed and disappeared. The use of resting stage referred to the 

absence of gonad in an individual, even though Co nand ( 1981) utilised this term to 

described tubules after spawning in three congeneric species: T.ananas, Holothuria 

{Microthele) fuscogilva and H.nobi/is. 

I found it impractical to determine stages of tubule development based on dimensions, 

because there was a wide range of size among tubules from the same gonad, as well as 

among tubules from the same stage gonads of different individuals. As such, length of 

tubules presented here should be considered as an estimation. In addition, the sample size· 

was inconsistent during monthly collecting due to a consideration of restricted population 

size and the reserve status of the study sites. 
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1. Ovary in early stage of development 

Ovaries classified in the early stage of development had tubules ranging from 0.5 

(Figure IV lA) to 70 mm long, which were narrow and transparent (Figure IV 2A, 

5A). Frequently, bifurcation began on a very short tubule in which each tip was 

somewhat enlarged, suggestive of actively growing tubules. Sex of the individuals 

could not be easily determined at this stage without using histology. This stage of 

tubule development was found in I out of 4 in October, all 9 in Novemberl998, 

all 8 individuals collected in August 1999 and 2 out of 3 female individuals 

collected in September 1999 (Table IV 2). 

Female tubules appeared granular under a dissecting microscope. Diameter of the 

granules (oocytes) varied amongst gonads. Tubules less than 0.6 mrn in diameter 

were common in very low density and contained small oocytes up to 60 J..Lm in 

diameter in fresh condition. Wider tubules were denser and comprised varied 

sized oocytes, ranging up to 100 J..LID. 

Histological sections revealed ovaries containing only previtellogenic cells (up to 

45-50 J.UU) that were in association with the inner tubule wall (Figure IV 2A), and 

ovaries containin~ both pre- and vitellogenic oocytes (Figure IV 2B). 

Previtellogenic oocytes were dominant, indicating intensive proliferation. Both 

types had relatively thick tubule lining that frequently contained blood lacunae. 

(Franklin, 1980) categorised these ovaries as Phase I and II. 

2. Growing stage of tubules 

During gametogenesis, oocytes within tubules increased in number and volume, 

which consequently increased tubule size. Growing gonadal tubules were finn in 

appearance (Figure IV 2C, 5B) and very common in December 1998, January 

1999, and December 1999 collections (Table IV 2). 
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A small cut at the antero-dorsal region of the holothurian body would push the 

tubules out, which did not occur in early development tubules. A more advanced 

ovary would more readily spill the tubules out of the body when incised 

However, these tubules easily broke down or ruptured making it difficult to 

measure the total length. 

Morphologically, female gonadal tubules were transparent and contained a high 

density of different size granules (Figure IV 2C, 5B). Several ovaries had a pale 

orange coloration which became obvious in more advanced tubules. This stage 

was similar to Phase ill proposed by Franklin (1980). Tubule length varied within 

and between ovaries at this stage. Most ovaries possessed 22-25 em long tubules, 

sometimes with 1-3 short tubules, less than 5 em long. Occasionally ovaries 

possessed 40 em long tubules. Diameter of the tubules was commonly up to 2.5 

m.m even though some tubules reached 4 mm in diameter. 

Histological observations allowed examination of vitellogenic oocyte size (Figure 

IV 3C). Oocytes varied widely in size which may be due to their very fast growth 

as described by Oshima ( 1925). Inward folding of tubule lining (not only the 

connective tissue and inner layer) occurred mainly during developing stage, which 

enabled an expansion of the tubules when intensive production of small oocytes 

occurred 

Size of the oocytes was greater in the lumen than in the periphery of growing 

tubules. Full-grown oocytes were present mainly in the middle area of tubule 

lumen (Figure IV 2D). This illustrated oocyte movement away from the tubule 

lining during development. In the late stage of this phase, full-grown oocytes 

dominated the tubule lumen, which may have been in preparation for oocyte 

release in a spawning event, as described in Psolus fabricii (Hamel et al., 1993) 
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3. Fecund tubules 

Morphologically, the most remarkable features of fecund ovaries were their large 

tubules, with or without constrictions, and the bright orange coloration (Figure IV 

lC, 2D). Tubules, approximately 4-5 mm in diameter, were firm and took up 

most of the space within the body cavity. Length of tubules was mostly 20-30 em, 

with a possible maximum length of 40-45 em. Short tubules, approximately 5 em 

or less, were occasionaJly observed in the same stage among long tubules of an 

ovary. Constrictions along the tubules seemed to be in areas where oocytes were 

slower to attain maximum size. Granules within the tubule lumen were nearly 

homogenous in size, full-grown and measured 140-150 f..llll in fresh condition, 

each was encircled and isolated by thick jelly layer (Figure IV 3D, 4). Small 

oocytes were occasionally found just beneath the tubule lining. Ovaries in this 

stage of development were mostly found within the samples collected in January, 

February, March and 1 of 14 individuals in mid April 1999, and in January 2000 

(Table N 2). 

Histological preparations of ovaries in fecund condition revealed that 90 - II 0 

J..LID (diameter) oocytes were dominant (Figure N 3C, D). The thickness of the 

jelly coat was approximately 10 J..Lm. Protuberance, oocyte processes reaching the 

follicle cell shield, were observed in both histological slides and oocytes excised 

from a fecund tubule (Figure IV 3C, F and 4). Oocytes within tubules frequently 

spilled out during histological processing, leaving less density in comparison to 

the fresh condition. 

Full-grown oocytes within fecund tubules had an intact germinal vesicle (nucleus) 

that was located centrally. The cytoplasm absorbed eosin more readily and was 

granular in appearance. Small oocytes were observed in limited numbers and 

were located just beneath the tubules lining. However, it was not clear whether 

these oocytes were recently produced or retarded oocytes. Folding of tubule 

lining was not observed. 
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4. Ovary in post-spawning condition 

Ovaries after spawning were found at the end of April (12 of 14 individuals), May 

(6 out of 8) and June 1999 (2 out of 6) (Table IV 2). Ovaries in this stage were 

conspicuous by their brown coloration, loose and shrinking appearance. After 

oocyte release, fecund tubules changed colour from bright orange to brownish 

orange to dark brown. This process may have occurred simultaneously with the 

deterioration of the tubules. Characteristics that were present in fecund stage 

gradually disappeared as the animal entered post spawning stage (Figure IV 3F, 

J). 

Post-spawning ovaries may be differed into after-spawning (just after oocyte 

release), and spent stages (absorption). When characteristics of the fecund stage 

were still morphologically detectable among tubules, ovaries were classified into 

after-spawning stage. When sex of the tubules could not be morphoiogically 

identified (but could be histologically), then gonads were categorized as in the 

spent stage, which lasted until the gonad completely disappeared. This 

classification was necessary when gonads took some time to disappear after 

spa wrung. 

Oocyte density of post spawning tubules decreased drastically, only several large 

(full-grown) oocytes remained within each tubule (Figure IV 2E, F and 3E). Small 

cells less than 8 J..U11 in diameter, with dark blue spherical components (nucleus), 

were abundant in the lumen. These cells, identified as phagocytes, were more 

numerous in the spent stage of tubules. It was assumed that their function was to 

break down unreleased gametes as identified by Hyman (1955) and Smiley 

(1988a). Frequently, phagocytes were observed within the oocyte cytoplasm. 

Atretic oocytes appeared with a disrupted membrane, a disintegrating nucleus and 

aggregations of large granules in their cytoplasm. 
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Post spawning tubules had a thick but disintegrating tubule wall. This was 

possibly due to the condensing process as tubules decreased in volume. As a 

result, tubules lost their rigidity and collapsed This stage was similar to Phase IV 

classified by Franklin (1980). 

Tweleve sectioned individuals were observed without gonadal tubules in August 1998. 

This was also observed among individuals collected in September and October 1998. In 

1999, individuals without gonads were detected in May, June and July (Table IV 2). 

This observation indicated the occurrence of a resting stage in the sexual reproductive 

cycle, which coincided with the end of dry season and the begining of wet season, when 

mean daily bright sunshine decreased and precipitation steeply increased (See Table ill 

3 in Chapter ill). 

Spawning was estimated to occur between two periods of samplings conducted in April 

1999. On 15th, collected gonads were in fecund stage of development, and on 29th all 

the gonads were in after spawning condition. This spawning time occurred in a period 

between new moon and full moon, when the reef was flooded most of the days (Figure 

rv 6). This period coincided with environmental conditions when the number of 

monthly clear days was about to increase and the precipitation dropped from the 

maximum value to 0.00 mm (Table ill 3). 
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Figure IV 5. A diagram of ovarian tubule development of Holothuria leucospilota. It 

shows morphological (above the line) and histological characteristics 

(drawn using camera Iucida) of each stage of tubule development (under 

the line). 

A to D: early stage, growing, fecund and after spawning tubules. 

g: granules of oocytes; gb: gonadal base; gd: gonadal duct: gt: gonadal 

tubules; 1: tubule lumen; o: previtellogenic oocytes; od: degenerated 

oocytes; ov: vitellogenic oocytes; op: postvitellogenic or fully grown 

oocytes; tl : tubule lining. 

Scale bars in A, B, C, and D: 20,40,50,50 )lm respectively. 
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Tab It> IV 3: Condition of collected gonads of H./eucwpilota inhabit ing East Point reef during ~nonitoring 
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Figure IV 6. Duration of reef exposure at 2 m water depth (hr/day) at Darwin Harbour 

Data provided by Bureau of Meteorology Darwin, NT. 

0 and e represent full moon and new moon. Striped rectangle shows predicted spawning period. 
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IV.4 Discussion 

H.leucospilota ovanan tubules grew simultaneously within each individual. This 

indicated that gametogenesis occurred concurrently throughout the ovary. Total 

spawning, in which each oocyte had an equal opportunity of being released in a spawning 

event, can therfore be expected. There appeared to be a seasonal reproductive cycle as 

ovaries of the individuals exhibited synchronous development. This was further 

exemplified by the occurrance of resting stage during which gonads disappeared from the 

individuals of the population. Spawning occurred in relatively short period at the end of 

wet seaso~ which coincided with cloudy days and short periods of exposure. 

IV.4.1 . Characteristics of ovarian tubules 

In the population of H.leucospilota investigated, male and female tubules were never 

detected together in a gonad, nor were oocytes and spenn present in the same tubule. 

Dioecism without morphological dimorphism has also been reported from H.leucospilota 

inhabiting southern Vietnam (Nguyen & Britayev, 1992), Hong Kong (OngChe, 1990), 

Reunion Island (Conand eta/. , 1997) and Heron Island (Franklin, 1980), and infact for 

the most aspidochirotide holothurian (Smiley eta/., 1988). 

Individuals in the H.leucospilota population at East Point possessed a single tuft of gonad 

tubules, similar to that reported from the same species inhabiting subtropical Heron reef 

(Franklin, 1980) and Hong Kong water (OngChe, 1990), and also in tropical southern 

Taiwan (Chao eta/., 1995). Geographic position and latitudinal differences may not be 

influence the nwnber of gonads in an individual of H.leucospilota, which has been 

suggested to effect C.frondosa, between the populations inhabiting north east American 

coast and eastern Canada (Hamel & Mercier, 1996c). 
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In the population of East Point, tubules of each gonad developed simultaneously and 

became fecund at the same period. This phenomenon also occurred in the same species at 

Heron Island (Franklin, 1980) and Hong Kong waters (OngChe, 1990). Concurrent 

development of gonadal tubules may result from simultaneous growth of oocytes inside 

the tubules which promoted synchronized release. In contrast, H.edulis from deep lagoon 

at Heron Island showed non seasonal spawning pattern (Harriott, 1985), and deepwater 

species Y.talismani carried different stages of gonadal tubule development throughout the 

year (Tyler & Gage, 1983 ). 

The ovarian development of H.leucospilora did not seem to follow the recruitment model 

of Smiley (Sewell et al, 1997). Instead of having three groups of tubules that develop 

subsequently, H.leucospilota only hold one group of tubules whick develop concurrantly. 

The model also shows that each group of tubules requires more than one year to reach 

fecundity, while H.leucospilota needed one year or less. 

At the beginning of this study, 8 individuals weighing 90-100 grams in wet condition 

were sectioned to ensure if gonads were present. All of them carried gonads at different 

stages depending on the month in which they were collected. In comparison with other 

populations previously reported, minimum size of individuals with marure gonads was 

not far different. It was 104 grams in drained body weight at Heron Reef (Franklin, 

1980}, while in Hong Kong populations, maruration started in individuals weighing 

between 93.8 grams and 177.5 grams in drained body weight (OngChe, 1990). It is 

important to note that the size of individuals at maturity was relatively small. 

In the H.leucospilota investigated, narrow and short tubules (in early developmental 

stage) contained only small (previtellogenic) oocytes, while larger and longer tubules 

carried larger oocytes. In addition, the gonad disappeared following the process of 

absorption of un-spawned oocytes. This demonstrated that tubules grew synchronously 

with the oocytes. It has been suggested that enlargement of tubules was caused by an 

increase in oocytes size as well as their proliferation, while increases in length of tubules 
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was correlated with multiplication of gametogenic cells on the tubules lining (Franklin, 

1980). 

Full-grown oocytes with dispersed nucleo-membrane were never observed within the 

tubules, as reported in H.leucospilota and S. chloronotus at Heron Island (Franklin, 1980). 

Follicle cells remained encircling fully grown oocytes in the lumen. A similar condition 

has been reported in P.fabricii (Hamel et al. , 1993), and S.japonicus (Drosdov et al., 

1991), but not in S. californicus (Smiley & Cloney, 1985) and H.leucospilota inhabiting 

Heron Island (Franklin, 1980). Detailed description of oocytes will be presented in the 

next chapter. 

Even though statistical analyses were not conducted due to the restricted sample size, a 

tendency of size increase toward gonad growth was obvious. In H.leucospilota inhabiting 

Heron Island, a fecund gonad was 120 times heavier than the same gonad in the early 

developmental stage (Franklin, 1980). In Aslia lefevrei (Costelloe, 1988) and S.japonicus 

(Tanaka, 1958), gonad index (GI) of fecund gonads increased 3 and 50 times, 

respectively. T.briareus has been reported to increase the tubule number and weight as 

individuals grow in size (Kille, 1939). 

Post spawning tubules in the population of H.leucospilota in this study were identified by 

an obvious decrease in tubule size and change in colour. Similar changes in appearance 

occurred in H.leucospilota populating Heron Island (Franklin, 1980). However, in 

S.chloronotus, also found in Heron Island (Franklin, 1980), contained all stages of gonad 

development, including post spawning, which could be distinguished one another by size 

only, nor comour. 

The anterior part of gonad of H.leucospilota inhabiting Heron Island contained larger 

sized oocytes (Franklin, 1980}. However, as the tubules in a gonad attained fecundity at 

the same time, providing all oocytes with the same opportunity of being discharged in 

one spawning session, this difference in oocyte size may have occurred only during the 
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growing stage. In terms of oocyte condition, there were similar stages of development 

within and between tubules in a gonad. The exception occurred in post spawning 

conditions, in which several tubules in a gonad still maintained fecund characteristics, 

while others had collapsed and changed in colour. Changes in morphology may take less 

then a month after spawning, as will be discussed later. 

Fully grown oocytes were easily liberated during histological processing. Frequently, 

oocytes within fecund tubules were not as dense as expected and considerable numbers of 

oocytes were washed out during processing. Measuring oocytes diameter from 

histological slides may have been biased because oocytes shrank during fixation and 

dehydration. An accurate measurement may be made using fresh oocytes released from 

the tubule lining. The disadvantages of this approach were that the measurements had to 

be conducted in a relatively short period of time and small oocytes may have less 

opportunity to be measured as they remained attached to the inner tubule lining and were 

difficult to liberate. Also, small tubules were difficult to tear open when fresh. 

IV.4.2. Evidence of gonad absorption 

Tubules of H.leucospilota were completely absorbed after spawning. This was identified 

by a drastic size reduction of post spawning gonads of males and females, and also the 

presence of individuals without visible gonads. This indicated that new tubules developed 

in every reproductive cycle. In 1999, absorption of individual gonads may have taken less 

than a month, as individuals without visible gonad began to appear in May, while after 

spawning gonads were found in late April (See Table ill 1 ). 

H.leucospilota in sub-tropical Heron Island (Franklin, 1980) and Hong Kong waters 

(OngChe, 1990), and other holothurian species, including S.japonicus found at Natsumi 

Bay (Choe, 1963), and H.edulis from Heron Island (Harriott, 1985) have been reported to 
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completely absorb their post spawning gonads. Species that retained their post spawned 

gonads are S.chloronotus from Heron Island (Franklin, 1980) and P.fabricii from Atlantic 

water (Hamel et a/., 1993 ). Therefore, gonads were present throughout the year in these 

populations. This was also apparent in A.echimtes (Conand, 1982), Tananas, 

Hfoscogilva and H.nobilis (Conand, 1981 ), as those species have been reported to 

possess resting stage tubules. 

The resting period occurred when gonads disappeared from individuals in a population 

and ended when gonads started to develop. In this work, individuals without visible 

gonads were recorded in August, September and October in 1998. While in 1999, gonads 

started to disappear three months earlier (May-July), which coincided with long sunny 

days with daily bright sunshine above the mean value for the year (See Table ill 3). In 

Hong Kong waters, gonads disappeared from the populations of the same species in April 

of the first year, but gonads were present throughout the year in the second year of 

investigation (OngChe, 1990). This inter-year variation may also occur in terms of 

spawning season, as would be discussed in the following section. 

The evidence of gonad disapearrence from the individuals of H.leucospilota made this 

species exclusive to the Smiley's recruitment model (Sewell et a/. , 1997). Rather than 

being present throughout the year, ovarian tubules were absorbed after spawning, and 

developed in the following reproductive cycle. 

IV.4.3 . Spawning and synchronisation of gonad development in the 

population 

Sexual reproduction of H.leucospilota population from East Point fringing reef did not 

characterize tropical invertebrate population as it exhibited a seasonal pattern. The pattern 

contrasted to other tropical holothurian species such as H.scabra (OngChe, 1985 ~ Tuwo, 

86 



Ovary development ..... . 

1999), H.atra (Pearse, 1968), subtropical species H.edu/is (Harriott, 1985), deep water 

spesies B.natans (Tyler et al., 1994), in which mature gonad can be found throughout the 

year. In investigated H.leucospilota, gross monthly gonad collection demonstrated 

concurrent gonad development (see Figure IV 6), displaying a seasonal pattern. 

Fecund gonads were recorded between January to mid April 1999 and in January 2000 

(the last sampling period). At the end of April to June, the sample contained individuals 

without visible gonads or in the after spawn stage. This period coincided with south-east 

monsoon, the end of wet season. Spawning occurred after or during a period of high 

rainfall and below mean number of bright sunny days. The reef was exposed during low 

tides for a shorter time than other period of the season. Following the lunar cycle, 

spawning took place between new and full moons. With reference to these conditons, 

H.leucospilota spawned during periods of low salinity (due to the rain), darkness (lunar 

cycle) and maximum periods of exposure at day-time low tides. 

The long period of time during which the reef was flooded increased the changes of 

oocytes to meet sperms. In addition, warmer water (due to longer periods of exposure and 

the change of season to the north west monsoon with its clear days) following the period 

of breeding, facilitated larva development. Chao et al. ( 1995) and Smiley et a/. ( 1988) 

added that warmer water temerature stimulate spawning. In northern hemisphere, 

populations of H.pulla and H.coluber in the Philippines breed in a restricted period 

(Banluta-Batoy et a/., 1998}, during which water temperature started to increase and food 

became abundant for larvae consumption as the phytoplankton blooms. 

In Heron Island, H.leucospilota had a well-defined spawning season, extending from 

November to March (Franklin, 1980). This period was much longer than the maximum of 

two weeks spawning period in the population studied. In the north hemisphere, gonads of 

H.leucospilota at subtropical Hong Kong (OngChe, 1990) did not develop 

synchronously. Gonad index analysis had been applied to estimate the spawning season, 

which occurred from August to September. This was also the case in a population from 
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southern Vietnam, which exhibited biannual cycles. Summer spawning (June-August) 

was not as intensive and synchronised as the spring spawning (February-March) (Nguyen 

& Britayev, 1992). In tropical southern Taiwan, individuals of the populations of 

H.leucospilota breed every summer (Chao eta/., 1995). 

Continuous breeding occurs more frequently among deepwater and tropical species 

where temperature does not significantly fluctuate (Tyler et al., 1994). Deep-water 

species Y.talismani showed no seasonal reproductive pattern (Tyler & Gage, 1983). On 

the other hand, H.coluber and H.pulla from Pamilacan Island, the Philippines, are 

examples of tropical species that breed seasonally. Gonads develop simultaneously in 

each population and the individuals spawn in a restricted period in December and 

October (Ban1uta-Batoy eta!., 1998). 

Reproductive period of most dendrochirote and aspidochirote species coincides with 

warm seasons, and tends to occur longer in tropical species (Tanaka, 1958~ Franklin, 

1980~ Conand, 1 98 1 ~ OngChe, 1985~ Smiley, 1988a~ OngChe, 1990; Sewell, 1992~ 

Tuwo & Conand, 1992~ Conand, 1993 ~ Chao et al., 1995; Hamel & Mercier, 1995; 

Hamel & Mercier, 1996c). However, stimulation of spawning is a complex process, 

which involves more than one environmental factor (Hyman, 1955; Costelloe, 1988~ 

Conand, 1993~ Hamel & Mercier, 1995). 

Spawning in Aslia lefevrei is stimulated by high temperature and light intensity, and in 

H.scabra by changing salinity (OngChe, 1985; Krishnaswamy and Krishnan, 1967). 

While in H.pulla and H.coluber, temperature, monsoon, lunar. cycle and chemicals 

produced by males and females are suggested to be important factors for spawning 

(Banluta-Batoy eta/., 1998). An application of natural phenomenon is the use of thermal 

shock in inducing spawning of commercial species H.scabra (James et a!. , 1994; 

Battaglene, 1999a~ Battaglene, 1999b~ James, 1999~ Morgan, 2000b~ Pitt, 2001). 
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Variation in inter-year spawning period is likely to occur in the population investigated. 

This may be caused by variation in environmental conditions (Morgan, 2000a). In 

January 2000, fecund tubules had already appeared and spawning was predicted to occur 

earlier or in the same period as 1999, but still in the wet season. Changes in 

environmental factors (Table Ill 3), were suggested to be responsible for inter-year 

variation in certain ways. 

A two-year investigation of H.leucospilora at Heron reef reported that spawning occurred 

from November until March, or earlier in December to January (Franklin, 1980). In the 

same species in Hong Kong waters, the gonad index value dropped sharply once in the 

first year, illustrating an annual spawning season during 3-4 month in summer, and 

another drop occurred during winter in the second year, suggesting semi annual spawning 

seasons (OngChe, 1990). Observations conducted in mid March 2001 at East Point reef, 

there were three anterior end males (A individuals) holding fecund testicular tubules. 

This indicated the ocurrance of maximum sexual reproductive activity, and spawning was 

estimated to occur within a short time. 

The reproductive cycle started in August 1999, coincides with the start of wet season 

when most of the day was claudy. In 1998, this occurred two months latter, starting in 

October during high precipitation. The actual factors influenced the inter-year variation 

still need to be observed. 

IV .4 .4. Characteristics of fully grown oocytes 

Fully grown postvitellogenic oocytes occupied the entire lumen of fecund tubules. The 

maximum diameter reached 110 J..1l11 in histological slides. Nucleus, 45-52.5 J..Lm in 

diameter, was always intact with a single nucleolus, 5-7.5 J..LID in diameter in a marginal 

position. Each oocyte was surrounded by a 8-10 J.liil thick jelly layer, and encircled by 
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follicle cells. In fresh condition, oocytes reached 140 J..U1l in diameter with a 60-65 !J.m 

nucleus. The je1ly layer was up to 20 !J.m thick. Released oocytes of the same species 

from southern Vietnam waters was observed 144 !J.m in diameter (Nguyen & Britayev, 

I 992), and ready to be induced to maturity after they reach minimum of 130 !J.m m 

diameter (Maruyama, 1980). 

Maturation of oocytes involves germinal vesicle breakdown and polar bodies emission. 

This condition facilitates fertilisation. Generally, germinal vesicles migrate to the area of 

animal pole prior to break down (Maruyama, 1980; Holland, 1981). In this study, mature 

oocytes were not present in fecund tubules. Germinal vesicles (nucleus) were always 

intact in both oocytes within and released from tom fresh fecund tubules, indicating that 

the oocyte had not passed through meiosis I. Consequently, the fully grown oocytes in 

fecund tubules of H.leucosilota were postvitellogenic oocyte stage in meiotic prophase. 

Ovulation liberates and prepares oocytes for discharge from an ovary. Ovulation may be 

defined as "the severance of intimate cellular connections between an oocyte and its 

surrounding ovarian somatic cells" (Smiley & Cloney, 1985). Observations made in this 

study showed that full-grown oocytes within fecund tubules still retained the follicle 

shield, as tiny follicle cells were still visible encircling each oocyte. The presence of the 

protuberance forming a bridge between an oocyte and its surrounding follicle shield, 

indicated that ovulation had not occurred. This condition was similar to that reported in 

S.japonicus, even spawned oocytes were in immature condition. Ovulation and 

disappearance of germinal vesicles occurred after the oocytes have been released 

(Drosdov et al., 1991). This contrasts to reports from H.leucospilota at Heron Island 

(Franklin, 1980) and S.califomicus (Smiley & Cloney, 1985) in which oocytes in the 

1wnen were already liberated from the follicle epithelial cells. This report is similar a.S 

Comanthus japonica (Crinoidea) (Holland & Dan, 1975) in which oocytes in the ovarian 

lumen had already been ovulated and passed through meiosis I, and the process of 

ovulation occurred simultaneously with maturation of oocytes within the ovary. 
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Ovulation in holothurian species may or may not be stimulated by seawater. 

S.californtcus oocytes undergo ovulation spontaneously after a fecund tubule makes 

contact with seawater (Smiley & Cloney, 1985), while in H.leucospilota oocytes, this 

rarely occurs (Maruyama, 1980~ Franklin 1980). 

When I excised fecund tubules to expose fully grown oocytes, seawater did not induce 

ovulation. Fresh oocytes that spilled out from a ruptured fecund tubule, stayed in clusters, 

and follicle cells were present. When the medium (seawater) containing oocytes was 

gently stirred or shaken, follicle shields in most oocytes tore and aggregated at the 

proximal end of protuberance prior. to being completely discharged. This process set 

oocytes free from one another, promoting ovulation. The jelly layer with striated 

structures remained on the outside of the membrane. However, only a small portion of 

oocytes (less than 0.001%) underwent germinal vesicle break down (GVB). 

As fully grown oocytes in the population studied still retained intact germinal vesicles, 

the oviduct possibly played a role in GVB, unless the break down occurred just prior to 

departure from the tubule and was missed by the sampling timing. Spawned eggs in 

H.leucospilota (Maruyama, 1980) and S.tremulus (Holland, 1981) are reported to be 

primary oocytes in a state between the disintegration of the germinal vesicle and the 

emergence of the first polar body. This may illustrate that the oviduct is essensial for the 

maturation proccess, as was suggested to occur in H.leucospilota from Heron Island reef 

(Franklin, 1980). 

Spawning experiments are necessary to determine whether or not passing through the 

oviduct was essential for the fully grown oocytes to become fertilisable. Such 

experiments require work on seasonal spawners with high synchronisation such as that 

demonstrated by the population of H.leucospilota investigated 

Even though stages of ovarian tubule development and sexual reproductive cycle of 

H.leucospilota investigated were identified histologically, the slides provided an 
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unsatisfactory description of oocyte developmental stages. Greater magnification was 

required to observe micro-anatomical changes within the oocytes. Growing tubules may 

provide a better chance to understand oocyte changes as they contained oocytes in varied 

diameters (Figure IV 2 and 3). in order to understand the ultrastructural alteration during 

the growth of oocyte within ovarian tubules, ultra sections were prepared for transmission 

electron microscopy and results of this are presented in the following chapter. 
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Chapter V. Ultrastructures of ovarian tubules and oocyte 

of Holothuria leucospilota 

V .1. Introduction 

Research on the holothurian reproductive biology intensified during the 1980s with 

increased focus on oocyte ultrastructure. This research area benefits experiments where 

criteria of mature gametes are required, such as in induced spawning. Such research is 

also advantageous as it allows comparative studies, determining whether species and 

habitat variations influence fine structure of gonad and gametes, which then may lead to a 

clearer understanding of how the animals evolve. 

Basically, ovarian tubule lining of holothurians consists of four tissues: peritoneal layer, 

muscle, connective tissue and parietal layer (Franklin, 1980~ Smiley & Cloney, 1985~ 

Kessel, 1987~ Eckelbarger & Young, 1992; Tyler et al., 1994 ). These layers were also 

observed in the investigated H.leucospilota, and appeared common to many holothurian 

species. However, inter-species variation may occur at the fine structural level 

(Eckelbarger & Young, 1992). 

Cilia and microvilli emerging from peritoneal cells are common among bolothurians 

(Franklin, 1980~ Smiley, 1988a; Tyler et al., 1994; Eckelbarger & Young, 1997), while 

cytoplasmic processes in peritoneal cells are only reported from some deepsea 

aspidochirote species such as Bnatans (Tyler et al., 1994), Hansenothuria benti and 

Apodid Leptosynapta clarki. Another aspidochirot from deepsea water Holothuria 

occidentalis (Eckelbarger & Young, 1992), does not possess this structure, nor do most 

shallow water species including S.califomicus (Smiley, 1988a), S.chloronotus and 

H.Jeucospilota (Franklin, 1980). 
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In terms of ultrastructure, oocytes within ovaries are commonly categorized based upon 

vitellogenesis, which refers to yolk synthesis (Ohshima, 1925~ Franklin, 1980~ Smiley & 

Cloney, 1985). During development from pre- to postvitellogesis, oocytes alter in size 

and fine strucrure. In deep water dend.rochirote Y.talismani (Tyler & Gage, 1983) and 

aspidochirote B. natans (Tyler et a/., 1994 ), oocytes enter vitellogenesis when they reach 

a diameter of approximately 70 J..lm, while in shallower water dend.rochirote species 

P.fabricii (Hamel eta/. , 1993), aspidochirote H.leucospilota and S.chloronotus (Franklin, 

1980). vitellogenesis begins in oocytes with a diameter of 300 J..lm, 30 J.liD and 27 J..lD1, 

respectively. This size variation may relate to the maximum diameter reached by oocytes 

of these species. Y. talismani oocytes reach a maximum diameter of 350 J.l.ID, P .fabricii 

reach 1100-1300 J..lm, and H. leucospilota attains a size of 100 J..lm. 

Occurrence of particular organelles denotes changes in oocyte structure. Nuage is a 

distinctive organelle in previtellogenic oocytes whereas yolk is characteristic of 

vitellogenic and postvitellogenic oocytes. In postvitellogenic oocytes, cortical granules 

appear in the periphery of oocytes (Ohshima, 1925; Franklin, 1980~ Smiley & Cloney, 

1985; Kessel, 1987~ Smiley, 1988; .Eckelbarger & Young, 1992; Tyler eta!., 1994). 

As has been discussed in the previous chapter, follicle cells separated adjacent oocytes. 

These cells may have derived from the inner epithelium and are usually ciliated as in 

S. ca/ifomicus (Smiley, 1988a), B.natans (Tyler et a/., 1994) and the 10 species 

investigated by Eckelbarger & Young ( 1991). The connection between oocytes and 

follicle cells is maintained through a protuberance (Maruyama, 1980; Smiley, 1988a; 

Smiley, 1990). 

Variation among species may also occur in terms of general shape of follicle cells, and 

whether follicle cells follow oocytes as they migrate to the tubule lumen. In deepsea 

aspidochirote species B.natans (Tyler et a/. , 1994), H.benti and H.occidentalis 

(Eckelbarger & Young, 1997), follicle cells encircling vitellogenic oocytes possess 

podocytes, which has not observed in other species observed by Eckelbarger & Young 
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( 1997), nor in S.californicus (Smiley, l988a), H.leucospilota or S.chloronotus (Franklin, 

1980). In S.californicus, the follicle cells begin to encircle oocytes when they are 

approximately 40 J..lm in diameter and remain until the oocytes move to the tubule lumen 

(Smiley, 1988; Smiley & Cloney, 1985). In H.leucospilora populating Heron Island 

(Franklin, 1980), follicle cells have been reported to differentiate early, occupying the 

space among oogonia embedded into the connective tissue of the tubule lining. Follicle 

cells remained at the tubule lining when the oocytes move to the tubule lumen. However, 

follicle cells are reported to remain encircling the oocytes until spawning in another 

population of H.leucospilota (Maruyama, 1980), S.japonicus (Drosdov eta/., 1991) and 

P fabricii (Hamel et al., 1993). 

It appears that holothurian species share similar characteristics in terms of the basic 

structure of tubule lining and oocyte development. Ultrastructural comparisons among 

holothurian species have however only been conducted in few studies, and factors 

regulating variation reported have not been determined. To the best of my knowledge, 

intra-species variation has not been determined as there has not been repeated 

investigation of the same species inhabiting different geographical habitats and water 

depth. 

Ultrastructural studies on gonads and oocytes of H.leucospilota are rare, but Franklin 

(1980) investigated oocyte development in H.leucospilota from subtropical waters. 

However, Maruyama (1980) used isolated fullgrown oocytes of H.leucospiiora collected 

from offshore, close to the Seto Marine Biological Laboratory of Kyoto University, to 

observe induced maturation. This situation revealed the necessity for a fine structural 

study of gonadal tubules and oocytes of H.leucospilota from tropical waters. 

This chapter investigates the detailed characteristics of ovanes and oocytes of 

H.leucospilota collected from tropical water of East Point, Darwin, NT. Each tissue 

component of ovarian tubules reported in the previous chapter will be investigated 

ultrastructurally, to determine whether this population shows variation to that reported 
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from other species in other localities. Observations on developmental stages of oocytes 

within ovarian tubules were also conducted to determine changes in the organelle during 

development. It also compared the development of oocytes of H./eucospi/ota with that of 

other species. 

V.2. Materials and methods 

Fractions of ovarian tubules collected from the same specimens used in histology (see 

Chapter IV) were prepared for transmission (TEM) and scarming electron microscopy 

(SEM). Fresh fractions of approximately 5 mm long tubules were fixed in 3% 

glutaraldehyde (in filtered sea water) for 1 hour at room temperature. Fixed samples were 

then rinsed 3 times with filtered seawater to remove the remaining fixative, and stored in 

filtered seawater at 4-6 oc until the next processing. These samples were then post-fixed 

in 1% osmium tetroxide (Os04 in filtered sea water) at room temperature for an hour, 

prior to dehydration. After being rinsed with tap water 3 times, samples were dehydrated 

for TEM and SEM preparation as follows. 

For TEM observations, samples were dehydrated using a Reichert Lynx tissue processor, 

in series of ethanol, followed by acetone and aceton-resin mixture. After dehydration, 

samples were embedded in Spurr's Resin and cured at 60 °C for 72 hours. Ultra thin 

sections were cut in a LKB Bromma, Nova ultra microtome and stained in uranyl acetate 

and lead citrates for 20-30 minutes. Thin sections were viewed under the Joel JEM 1200 

EX transmission electron microscope. 

For SEM observations, samples were dehydrated in an ethanol senes. Dehydrated 

samples were then mounted on aluminium stubbs and were cut open under a microscope 

in order to view the oocytes inside. Samples were splutter coated with gold in a SPI 
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Module Sputter Coater set at 90 seconds. Samples were viewed under the Joel JSM T330 

scanning electron microscope. 

V. 3. Results 

Four types of tissues comprised the ovarian tubule lining of H.leucospi/ota inhabiting 

East Point, Darwin, NT: 1) The outermost tissue consisted of a layer of ciliated peritoneal 

cells; 2) Muscle was composed of myoepithelial cells, mostly in pairs. 3) Connective 

tissue contained fibers in an irregular arrangement. 4) Innermost layer bordering the 

tubule lumen, consisted of smooth surface parietal epithelial cells. This layer was 

frequently interrupted by primary previtellogenic oocytes. 

Primary previtellogenic oocytes were distinguished by the presence of nuage. Clusters of 

mitochondria were observed prior to yoik production. When yolk was common in 

vitellogenic oocytes, nuage was invisible and mitochondria were no longer in groups. 

Abundant microvilli appeared on the surface of vitellogenic oocytes but were less 

common on postvitellogenic oocytes when maximum growth had been attained. 

V.3.1. Structure of ovarian tubules 

Ultrastructurally, each tissue compnsmg the lining of ovarian tubules showed the 

following characteristics: 

The outermost stratum 

Outermost cells faced the body cavity and were identified as peritoneal or 

perivisceral epithelial cells (Figure V IC). Ovarian nerve cells (Figure V ID), 
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which were conspicuous by their neurai processes, either iocated between or 

beneath the epithelial cells at irregular intervals. 

Peritoneal epithelium consisted of simple squamous or cuboidal cells with a 

relatively large nucleus, as in the intertidal species Holothuria grisea (Eckelbarger 

& Young, 1997). They were never columnar as those in H.leucospilota (Franklin, 

1980) or in the other 10 species from different part of American waters 

(Eckelbarger & Young, 1992). Thickness of the cells, measured through the 

nucleus, was between 2.1-2.3 J.l.m, with a nucleus between 1.8-2.0 J.l.m. The nucleus 

was rarely uniform in shape and frequently flattened or followed the contour of the 

cell. Condensed chromatin as in Franklin (1980), was located along the inner side 

of the nuclear envelope, and occasionally coalesced as clumps in the central part of 

the nucleus. Nucleoli, as appear sometimes in other H.leucospilota populations 

(Franklin, 1980), were never observed. Golgi complex and rough endoplasmic 

reticulum were occasionally observed within the cytoplasm of the peritoneal cells. 

Mitochondria were commonly ovoid and scattered. Vacuoles were present, and 

electron dense bodies known as electron dense inclusions (Tyler et al., 1994), were 

conspicuous among other organelles. In late growing tubules, these types of 

inclusions became more frequent. 

A cilium was observed in each peritoneal cell (Figure V lA, B, C). The presence of 

microvilli on the apical surface of the cell produced a rough outline. Nine to 12 

microvilli were frequently observed encircling the cilium. In addition, peritoneal 

cells possessed a cytoplasmic projection running inward, passing between adjacent 

myoepithelia of the muscle layer, providing the cells with a mushroom-like 

appearance. Basal lamina (membrane basalis), located beneath the peritoneal cells, 

was not always obvious as it was composed of an irregular structure of fine 

(reticular) fibers of intercellular substance (Figure V lC, D). 
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The muscle structure (Figure VIC, D) was composed ofmyoepithelium, as that in 

Eckelbarger & Young (1992) and Tyler et a/. (1994). The myoepithelial cells 

tended to be columnar in shape, mostly in pairs overlapping one another. These 

cells were located immediately beneath the peritoneai layer between the 

cytoplasmic projection, or in contact with the basal lamina Commonly, fibers 

within the myoepithelial cells were oriented in different directions, perpendicular to 

the tubule surface (radius of the tubules) or parallel to the long axis of tubules. 

Even though myoepithelia were observed in pairs, two muscle layers as reported in 

the same species inhabiting Heron Island (Franklin, 1980) was not observed. 

Instead~ the myoepithelia formed one discontinued line. Gaps filled by an 

intercellular fibrous substance. 

Ovoid cells with a smooth outline which were thought to be coelomocytes, were 

frequently overlying the outermost iayer. These cells possessed relatively large 

nucleus and a number of spherical electron dense bodies. Occasionally, vacuoles 

were common and cilia arose from the cells. These cells were relatively large in 

comparison with peritoneal cells, approximately 4 J..Lm in width and llJ..Lm in length 

(Figure V 1 D). 

Connective tissue 

The connective tissue compartment became thinner as the tubule grew during the 

process of gonad development. Connective tissue with variably orientated fibers 

was situated beneath the muscle stratum (Figure V 2A) .. Blood lacunae were 

observed as empty spaces without an obvious lining. Coelomocytes were frequently 

observed among fibers. Some of them contained. abundant vesicles or small 

vacuoles, and electron dense granules similar to those found in coelomocytes of the 

outer tubule lining. In post spawning tubules, the small coelomocytes observed in 

the lumen were thought to be phagocytes (Figure V 12). 
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Innermost layer 

Squamous epithelial cells that bordered the tubule lumen (Figure V 28) were not 

arranged in a layer, as smali oocytes requently clustering. Occasionally, 3-4 

spindle-like cells were observed overlapped each other and were connected by a 

desmosome. These cells were smooth, and had a large spheroid nucleus. Condensed 

chromatin was clumped in the nucleoplasm just within the nuclear envelope. 

Nucleoli were never observed. Mitochondria were occasionally found clustering in 

small groups. Rough endoplasmic reticulum was frequently observed as small 

fractions. Cilia were never found associated with the innermost cells of the tubule 

lining, similar to that in Franklin ( 1980) and Smiley ( l988a). 
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Figure V 1. Ovarian tubule lining showing peritoneal and myoepithelial cells 

Viewed under SEM, the outer surface (A) shows a collar-like structure 

created by microvilli encircling a ciiium (arrow). Ultra-section of cilium (c) 

surrounded by microvilli (B). C is a section through root of cilium (thick 

hollow arrow) in a peritoneai cell (P) with cytoplasm processes (arrow), a 

large nucleus (n) and lysosom-like body (1). D is a section through a nerve 

cell (N-), with underiying myoepithelia (m). Interceliuiar substance (is) filling 

gaps between paired myoepithelia. Coelomocyte (em) attached to the 

outermost layer of ovarian tubules 

Scale bars A-D: 600, 330, 575 nm and 2.2 J.!m. 
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Ultrastructure ... .. . 

Figure V 2. Ovarian tubule lining showing connective tissue and parietal cell. 

Structure of connective tissue with fibres running in different directions (A) 

with coelomocyte ( ~) among the fibres. Section through parietal or inner 

epithelium (B) showing nucleus (n), mitochondria (m), endoplasmic 

reticulum ( er) and desmosome (d). 

Scale bars A and B: 550 and 700 run. 
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A 

Figure V 3: Diagram of tissues comprising ovarian tubule lining (no scale). The 

outermost layer (A) consists of ciliated peritoneal cells (P) with cytoplasmic 

processes (cp), interspersed nerve cell (N) interupting and underlying 

myoephitelial cells (m). Connective tissue compartment (B) filled with 

fibres, and the innermost layer (C) consists of parietal epithelia (I). 

bl: blood lacunae~ c: cilium; me: microvillie; n:.nucleus. 
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V.3.2. Structure of oocytes and follicle cells 

Vitellogenesis (or yolk synthesis) was used as a parameter to categorize oocytes within 

ovarian tubules, as adopted in most previous reports including Smiley & Cloney (1985), 

Eckelbarger & Young (1992) and Tyler eta!. (1994). Previtellogenic, vitellogenic and 

postvitellogenic referred respectively to stages of oocytes prior to yolk formation, during 

yolk synthesis and when the synthesis ceased. Histological investigation (see Chapter IV) 

revealed that oocytes moved from the tubule lining to the tubule lumen during 

development. Zonation within a tubule was apparent with previtellogenic oocytes 

observed mostly in association with tubule lining, and vitellogenic as well as 

postvitellogenic oocytes were located in the tubule lumen. Nuclei remained intact in all 

stages of oocyte development, while organelles and oocyte membrane altered. Non

ciliated follicle cells encircled vitellogenic oocytes and remained until the oocytes 

reached maximum growth. 

V.3.2.1. Oocytes 

Previtellogenic oocytes (Figure V 4, 7B) were 7 to 20 J.lm in diameter and commonly 

observed within ovarian tubules during early development (see Chapter IV). These 

oocytes were isolated from the surrounding connective tissue by oolemma or basal 

lamina consisting of dense fine fibers of connective tissue encircling each oocyte. In 

oocytes attaching tubule lining, the oolemma was only observed in the area affixed to the 

tubule lining. The large nucleus (I 0-11 J..llll) contained chromatin distributed throughout 

the nucleoplasm. There was a single spherical nucleolus, approximately 2.5- 3.0 J.lm in 

diameter, situated on the periphery or in association with the inner nucleo-membrane. 

Multinucleoli as reported in T.briareous (Ohshima, 1925) were not observed. Nuage 

granules were obvious in the cytoplasm, however neither yolk bodies nor vacuoles were 
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present. Oocytes containing groups of mitochondria were frequentiy observed. The 

oocyte surface was smooth and Jacked microvilli . jelly layer was absent. Follicle cells 

were only present at the apical part of oocytes facing the lumen. 

When oocytes reached 20-30 f.J.m, follicle cells encircled oocytes prior to their liberation 

from the tubule lining and yolk synthesis (Figure V 68). Space gradually developed 

between the oocyte membrane, followed by microvilli developing on the oocyte surface. 

Overlapping structures were occasionally observed between follicle cells. 

ViteJJogenic oocytes growing in tubules and postvitellogenic oocytes which dominated 

fecund tubules (see Chapter IV), were distinguished by the striking appearance of the 

yolk granules and the absence of nuage (Figure V 6, 7, 8, 1 0). The diameter of 

vitellogenic oocytes varied greatly, from 90 f.J.m to 100 J.UI1 in full grown-postvitellogenic 

oocytes. The oocyte membrane developed microvilli. A jelly layer and follicle cells 

enclosed each oocyte. In the late vitellogenic to postvitellogenic oocytes, another type of 

granules, cortical granules, were observed mainly in the periphery region of the 

cytoplasm (Figure V 9 and 11 ). 

A bridging structure between oocyte and follicle cells, the protuberance, protruded from 

the oocyte and passed through the jelly layer. Protuberance contained abundant free 

ribosomes and rnicrotubules. Other cellular organelles were limited (Figure IV 9B). 

In order to reconstruct the development of oocytes within the ovarian tubules, ultra 

structural characteristics of oocytes were identified. Particular ·organelles within the 

cytoplasm appeared sequentially. 

Nucleus 

Nucleus or genninal vesicle (Figure V 5 A) of small previtellogenic oocytes was 

commonly 10-11 J.UT1 in diameter, and reached 48-50 J..lill in postvitellogenic 

oocytes. Germinal vesicle break down (GVB) was never observed at any stage of 
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oocyte development. Chromatin was dispersed throughout the nucleopiasm. A 

spherical, dense granulous nucleolus, approximately 2.5 -3 J..lm in diameter and 

reaching 7-8 J..lm in fullgrown oocytes, was present peripherally, and adhered to the 

nucleolemma. 

Nuage 

Nuage (Figure V 4-7) was a distinctive organelle in previtellogenic oocytes. Two 

types of nuage, similar to those in Eupenctacta quinqusemita (Eckelbarger & 

Young, 1992), could be observed. Nuage 1 was conspicuous as it was non

membrane bound with a fine granular outline, approximately 250 to 450 run in 

diameter that was larger than mitochondria. It was electron dense, mostly spherical. 

Nuage was relatively abundant, and persisted until yolk bodies were produced 

during vitellogenesis. Nuage 2 contained loose electron dense fine grainules, had an 

irregular outline, was more noticeable when mitochondria multiplied and gathered 

in groups within previtellogenic oocytes (Figure V 5 B). It became invisible when 

mitochondria were distributed throughout the cytoplasm and yolk bodies were 

produced. 

Annulate lamellae 

Annulate lamellae (Figure V 5A, 8A) were present as a lamellar structure in 

previtellogenic and early vitellogenic oocytes. It appeared as multi-layered rings or 

layers distributed throughout the ooplasm. Thickness of each layer was less than 

0.01 nm. Occasionally, the lamellar ring surrounded the nucleus. 

Mitochondria 

Mitochondria (Figure V 5B, 6, 7, 8), approximately 250-375 nm in diameter were 

scattered and fewer in small previtellogenic oocytes (probably oogonia). These 

organelles were generally ovoid in shape. Frequently, mitochondria contained 

electron dense inclusions. 
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Mitochondria multiplied intensively (Figure V5 and 7B) as the previtellogenic 

oocytes moved prior to liberation from the tubule lining. This was demonstrated by 

the presence of several distinctive constricted mitochondria in groups throughout 

the cytoplasm during a period when other organelles were scarce. There was no 

indication of either ring formation by mitochondria and nuage type 2 at the center 

as reported in S.californicus (Smiley, 1988a), or the formation of alternate layers of 

mitochondria and endoplasmic reticulum as reported in T.briareus (Kessel, 1966). 

When yolk appeared, clusters of mitochondria broke up and solitary mitochondria 

were distributed evenly in the ooplasm (Figure V 6). 

Endoplasmic reticulum and free ribosomes 

Endoplasmic reticulum (Figure V 5, 6, 7) was more frequently observed in short 

segments, and rarely found in more than 3 layers. The outline was rough, indicating 

the presence of ribosomes (Figure 5A and 6B). This organelle also frequently 

appeared as small vesicles in short rows distributed throughout cytoplasm, mainly 

in vitellogenic oocytes. Free ribosomes and microtubules were abundant in the 

cytoplasm and in the area of the protuberance where other organelles were scarce 

(Figure V 10). 

Golgi complex 

The Golgi apparatus (Figure V 7) was observed as a lamellar structure with a 

maximum lamellar length between 1000 andllOO run. It was always found with 

small vesicles or cisternae on the maturing side. Some vesicles contained electron 

dense materials. It appeared that a greater nwnber of vacuoles were present in an 

oocyte when more Golgi complex were observed. Golgi apparatus were less 

common in previtellogenic oocytes and became easier to find prior to the 

appearance of yolk granules. 
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Yolk bodies 

Yolk (Figure V 6, 7, 8, 9) was mostly spherical or ovoid in shape and appeared as 

a medium granular electron dense organelle of variable size. Larger granules 

commonly had a diameter of 1600 to 2000 nm. Yolk bodies were rarely observed 

within oocytes associated with the tubule lining. 

Vacuoles 

Vacuoles (Figure V 6, 11) appeared in late previtellogenic oocytes. In vitellogenic 

and postvitellogenic oocytes, this type of organelle varied in size and was scattered 

all over the cytoplasm, appearing as an empty rounded space surrounded by a thin 

membrane. Small vacuoles appeared to originate from Golgi apparatus as they 

appeared at the mature face of this organelle. This was observed in small oocytes 

that moved from the tubule lining. As oocytes enlarged, vacuoles increased in 

number and size. Large vacuoles may have been the result of coalescence of small 

vacuoles as two or more vacuoles were often observed undergoing fusion (Figure V 

lOA, B). Some vacuoles were observed in exocytosis in vitellogenic oocytes. 

Cortical granules 

Cortical granules (Figure V 9, 11) appeared as electron dense bodies at the 

periphery of full grown oocytes. Granules varied in shape and size, with maximum 

diameter reaching 0.9 J..Lm. 

Microvilli 

Microvilli (Figure V 8, 9, II) were absent in previtellogenic oocytes but were very 

common in vitellogenic oocytes. These structures seemed to develop after or 

following the appearance of the space between oocyte membrane and follicle 

shield. Microvilli grew longer, branched and became complex in larger 

( vitellogenic) oocytes, but became shorter and fewer in full grown oocytes. 
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Jelly layer 

Jelly layer (Figure V 8-1 l) was an amorphous structure that occupied the space 

between oocyte membrane and follicle shield. It appeared in oocytes liberated from 

the tubule lining and became thicker, reaching I 0 J.Lm in full-grown postvitellogenic 

oocytes. Vacuole transfer from the cytoplasm (exocytosis) was frequently observed, 

which may have indicated jelly layer accumulation. 

V.3.2.2. Follicle cells 

As oocytes moved to the lumen, follicle cells began to encircle them (Figure V 6, 8, 

1 OC). It appeared as if the innermost cells of tubule lining were being pushed away from 

the tubule lining as the nearby oocyte bulged into the lumen. These cells followed oocyte 

migrating to the ovarian lumen, and remained encircling full-grown postvitellogenic 

oocytes. As oocytes increased in size, follicle cells stretched and became flatter. This 

contrasted with the observation of Franklin (1980) and Smiley (1988a) in which follicle 

cells remained in the tubule lining when the oocytes move to the lumen. 

Nuclei in follicle cells were relatively large but compressed. Chromatin condensed along 

the inner side of the nucleo-membrane. Nucleoli similar to that observed in another 

population of H.leucospilota (Franklin, 1980) were never observed. Smooth endoplasmic 

reticulum and mitochondria were occasionally observed in the cytoplasm. Lysosomes, as 

in E.quinquesemita (Eckelbarger & Young, 1992), were frequ~ntly observed in the 

studied populations. There was no evidence of either cillia on or pynocytoses by follicle 

cells as has been reported for H.leucospilota inhabiting He~on Island (Franklin, 1980). 
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Figure V 4. Previtellogenic oocytes 

A portion of oogonium embedded in the connective tissue of tubule lining 

with a large nuleus (A) and a section through the nucleolus (B). 

a: annulate lamella; bl: basal lamina; ct: connective tissue; er: endoplasmic 

reticulum; m: mitochondria; N: nucleus; nc: nucleolus; nm: double lining 

nucleo-membrane; 1: nuage 1. 

Scale bars A and B: 1. 4 and 1 JliiL 
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Figure V 5. (Above) Previtellogenic oocytes prior to yolk formation showing basal 

lamina (bl ), clusters of mitochondria ( ~ ), nuage 1 ( 1) and nuage 2 (2 ), 

fraction of endoplasmic reticulum ( er). 

Scale bar 750 run. 

Figure V 6. (Below) Early viteltogenic oocyte showing large nucleus (N), yolk granule 

(y), mitochondria in smali group(~), fraction of endoplaspic reticulum (er), 

nuage (1 , 2). Follicle cell (f) with large nucleus begining to encircle oocyte. 

Scale bar 1 J..lffi. 
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Figure V 7. Goigi complex (G) in primary vitellogenic oocytes (A), which shows lamella 

(lg) and vesicles (vg) (B). Suggested yolk initiation (yi) appears close to 

Golgi complex. 

Arrow points to mitochondrion division; er: fraction of endoplasmic 

reticulum; m: mitochondria; v: vacuole; y: yolk granule. 

Scale bars A and B: 500 and 250 run. 
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Figure V 8. Vitellogenic primary oocyte with jelly layer (jl) and encircling follicle cells 

(f). 

a: annulate lamellae; m: mitochondria; mv: microvilli; n: nuage 1; y: yolk 

granule. 

Scale bars A and B: 1 J.1IIl 
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Figure V 9. (Above) A portion of late vitellogenic oocyte showing complex microvillie 

(mv). Dense granules of cortical granule( c) and microtubules (arrow) occupy 

the periphery of ooplasm. 

Scale bar 1 Jli11 

Figure V 10. (Below) Protuberance bridging oocyte and follicle cells, are dominated by 

ribosomes (appear as minute dense granules). 

f: follilce cells; jl: jelly layer; arrows: microtubules 

Scale bar 240 nm 
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Figure V 11. Post vitellogenic primary oocyte (A and B) shows rare microvillie (---+) 

on the outer surface of oocytes. C: shows the overlapping connection 

between follicle cells(~) 

c: corticle granule~ g: Golgy complex; jl: jelly layer~ m: mitochondria; y: 

yolk granule; v: vacuole; f: follicle cell 

Scale bars A, B and C: 1 ~; 200 run and 400 run 
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Figure V 12. Disintegrated oocyte (do) and phagocyte (p) with a large nucleus (n) 

Scale bar: 1 Jlm 
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Figure V 13. Diagram of oocyte development within an ovarian tubule. 

A-C: previtellogenic oocyte; D-E: vitellogenic oocyte; F: fully grown post 

vitellogenic. Row below is the detail of above row (no scale) 

a: annulate lamella; b: oolemma; c: cortical granule; f: follicle cell; g: Golgi 

complex; jl: jelly layer; m: mitochondria; mv: microvilli; n: nucleus; 

nc: nucleoulus; nu: nuage; tb: ovarian tubule lining; y: yolk 
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V. 4. Discussion 

In terms of ultrastructure, ovarian tubules and oocytes of H.leucospilota population 

studied displayed similarities to and differences from previous but limited reports of the 

same and other species. Collar like microvilli surrounding the cilia in the outermost 

peritoneal cells were common to most holothurian species. However, cytoplasmic 

processes in outermost peritoneal cells of ovarian tubules have only been reported in 

deepwater species. 

Multiplication of mitochondria in early stage and alteration of microvilli during oocyte 

development appearred to be common in holothurians. Non-ciliated follicle cells and 

their presence around fullgrown postvitellogenic oocytes in the tubule lumen differed 

from those reported in the same species inhabiting Heron Island reef, but were similar to 

those of other holothurian species. 

V. 4 .1. Ovarian tubule lining 

The four types of tissues comprising the ovarian tubule lining of H.leucospilota shared 

characteristics with another shallow water Aspidochirota holothurians, species of 

Stichopodidae, including S.californicus (Smiley & Cloney, 1985) and S.ch/oronotus 

(Franklin, 1980), deepwater species Synallactid B.natans (Tyler eta/., 1994) and the 10 

species from American waters (Eckelbarger & Young, 1992). Nerve cells underlying 

peritoneal cells observed in this study, were also found in most holothuri;m tubuk: linings 

and have been suggested to be a characteristic of the outermost layer of bolothurian 

gonadal tubules (Smiley & Cloney, 1985; Eckelbarger & Young, 1997). 
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Collar-like microvilli surrounding the cilia of the peritoneal cells observed in this study 

seemed to be common in other holothurians, as this feature has also been reported from 

H.leucospilota populating Heron Island (Franklin, 1980), S.calijornicus (Smiley & 

Cloney, 1985), and I 0 species from four major holothurian orders collected from shallow 

and deepwaters in the northern hemisphere (Eckelbarger & Young, 1992). However, 

variation occurred in deepwater Aspidochirote) B.natans, which lacks of this structure 

(Tyler eta/., 1994), while in Apodidae L.clarki (Atwood, 1973), cilia are scarce and no 

microvillie arise from the peritoneal cells. 

As there was no indication of migration of peritoneal cells, the presence of cilia on outer 

surface of gonadal tubules may function in moving fluid over the surface, rather than 

locomotion or food gathering as in Protozoa as reported by Alberts eta/. ( 1989). Besides 

microvilli and cilia, a H.leucospilota population at Heron Island (Franklin, 1980) has 

been reported to possess pseudopodia, which, together with the other structures, are 

suggested to facilitate intensive material transfer from the body cavity to the gonad 

during gametogenesis. However, pseudopodia were not observed in this work, or in other 

holothurian species. 

In the outennost tubule lining, cytoplasmic processes projected inward from the 

peritoneal cells of H.leucospilota, similar to podocytes in the bathyal aspidochirotida 

Hansenothuria benti (Eckelbarger & Young, 1992), B.natans (Tyler et al., 1994) and 

intertidal apodid testis of L.clarki (Atwood, 1973). However, podocytes were not 

reported in either H.leucospilota populating Heron Island (Franklin, 1980), or in 

S.califomicus (Smiley & Cloney, 1985). 

In the population of H.leucospilota studied, the presence of electron dense bodies within 

the peritoneal cells appeared to be similar to those reported in Apod.idae L.clarki 

(Atwood, 1973), Dendrochirote Cucumaria lubrica, C.miniata, Psolus chitonoides 

(E~~~~ /g. Young, 1992) and Aspidochirote B.natans (Tyler et al., 1994) and 

S.califomi,qus (Smiley, 1988b; Smiley & Cloney, 1985). In the latter species, these 
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granules have been suggested to facilitate nutrient intake from the coelomic fluids. 

Material transfer during gonad development has been investigated histochemically in 

H.scabra. It revealed the occurrence of protein and lipid relocation from the intestine to 

the gonad (Krishnan, 1968). However, this type of material transport has not been 

demonstrated at the cellular level. Determining which cells were involved and how the 

process proceeds, may be an area for future investigation. 

Muscular cells or tissues were required to facilitate evacuation of gametes from the 

gonads. The muscular component of the tubule lining of H.leucospilota observed in this 

study was more apparent to consist of myoepithelia rather than muscle cells, which was 

similar to that reported in S.californicus (Smiley & Cloney, 1985). Contraction of radial 

fibers narrowed the tubule lumen, while contraction of fibers running parallel to the 

tubule long axis resulted in shortening of the tubules. This kind of fiber arrangement may 

produce the necessary movement during spawning. Peristaltic movement in higher 

animals is resulted from the work of three layers of muscle cell, in which the fibers run in 

circular, longitudinal and circular, as exemplified by the alimentary ducts of most 

invertebrates (Bloom & Fawcet, 1975). 

Variation in gonadal musculature may occur amongst holothurian species. Two layers of 

muscle with three different orientations have been reported in L.clarki (Atwood, 1973). A 

single layer of muscle in a circular arrangement has been observed in B.natans (Tyler et 

al., 1994) and S.califomicus. This is suggested to produce peristaltic movement and 

circulation of gonadal haemal fluid, even though in the last species, such movement was 

possibly the result of neurotransmission of the gonadal neuron (Smiley and Cloney, 

1985). H.leucospilota in Heron Island reef has been reported to possess two layers with 

the fibers running in two orientations (Franklin, 1980). 

Non-ciliated innermost parietal cells of H.leucospilota in this study were similar to testes 

of L.clarki (Atwood, 1973). However, those of H.leucospilota at Heron Island reef 

(Franklin, 1980), B.natans (Tyler et al. , 1994) and 10 other species (Eckelbarger & 
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Young, 1992) have been reported to be ciliated. In S.caiifornicus, cilia were surrounded 

by microvilli (Smiley and Cloney, 1985). 

Variations observed in H.leucospilota investigated may be concluded that this population 

exhibited differences and similarities with other populations in the same species or other 

species living in different depth or locations. However, it did not provide sufficient 

evidence to determine whether geographical differences, water depth, or adaptations to 

particular niche, may promote such deviations. 

V.4.2. Oocyte development 

As H.leucospilota inhabiting East Point exhibited synchronous gonad development 

amongst the individuals (Chapter IV), previtelllogenic oocytes were commonly observed 

among individuals collected in October-November 1999. These oocytes grew into 

vitellogenic oocytes from December to January and reached maximum growth of 

postvitellogenic oocytes in two to three months prior to their release in late April 1999. 

Development of holothurian oocytes appears to be a continuous process. Stages described 

here may be subjective, and transition phases have greater chance of being found among 

samples collected. Development of oocytes within ovarian tubules of H.leucospilota 

(Figure V 12) shared characteristics with that of other species, including P.fabricii 

(Hamel et al., 1993), S.califomicus (Smiley, 1988), and another 10 species investigated 

previously (Eckelbarger & Young, 1992). 

Even though size was influenced by fixation and dehydration, the oocyte size of 

H.leucospilota increased continuously during the development within ovarian tubules 

until the maximum size had been attained in January to April. All oocytes in ovaries were 

in the stage of primary oocytes in meiotic prophase, which underwent previtellogenesis, 
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vitellogenesis and postvitellogenesis. This explained why the nucleus (or germinal 

vesicle) was always observed intact. The largest oocytes within ovarian tubules were not 

necessarily mature, because maturity was reached only when the germinal vesicle breaks 

down, which occurred after the oocyte reached the postvitellogenesis stage ( Drosdov et 

a/., 1991 ~ Smiley and Cloney, 1985~ Holland, 1981 ~ Holland & Dan, 1975~ Franklin, 

1980~ Maruyama 1980). The researchers agree that spawned oocytes are immature 

fullgrown eggs, in the developmental stage between the break down of the germinal 

vesicle and protrusion of the first polar body. Therefore, oocytes within tubules were 

primary oocytes in meiotic prophase. Despite the fact that meiosis has not been 

completed, oocytes in this stage were capable of being fertilized. Most vertebrate 

oocytes, in comparison, arrested in diplotene stage of second meiotic metaphase, until the 

fertilization occurs (Cooper, 1997). 

Oogonia were the smallest female germ cells observed in this study. These cells were 

associated with the tubules lining. There was no indication of mitotic division in any 

oogonia observed, although several cells were observed in small groups. However, the 

presence of nuage was a convenient characteristic for distinguishing these cells from 

somatic cells. Even though the origin and function of nuage remains in debate (Kessel, 

1968~ Tyler et al. , 1994~ Franklin, 1980), its presence amongst common cell organelles is 

characteristics of young oocytes of several species, not only in invertebrate but also in 

vertebrates (Smiley, 1988). 

In small ovarian tubules (primary tubules) of S.ca/ifom icus, oogonia have been reported 

to be the earliest observed germ cells (Smiley, 1988). In addition to the presence of 

nuage, mitotic division was evident. In B.natans, the smallest germ cells observed were 

assumed to be primary oocytes. These cells were characterized by groups of 

mitochondria and nuage (Tyler et a/. 1994 ). A ring formation of mitochondria with nuage 

type 2 at the centre, as found in S.ca/ifomicus (Smiley, 1988a), and the formation of 

alternate layers of mitochondria and endoplasmic reticula, as reported in T.briareus 

(Kessel, 1966), were not observed in this study, or in other population of H./eucospilota 
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from Heron Island (Franklin, 1980). In the current study, when yolk formation 

commenced, mitochondria were distributed throughout the ooplasm, suggesting 

allocation of energy. 

Smiley ( 1988) stated that previtellogenesis involved all changes occurring after mitotic 

division of oogonia until the beginning of vitellogenesis. Clustering of mitochondria, 

which was thought to be typical feature in echinoderm oocytes (Smiley, 1990), indicated 

intensive proliferation of these organelles and the production of large amounts of energy. 

Multiplication of mitochondria therefore, may be used to indicate the oogonia begining to 

develop into primary oocytes, supporting the suggestion that energy accumulation is the 

first step taken by an oocyte prior to grow and develope (Anderson, 1974 ). 

Annulate lamellae have been reported to originate in the nuclear membrane, and are 

present not only in gametes but also in somatic cells and even plant cells (Kessel, 1987). 

The function of annulate lamellae is unknown. The current work was not able to suggest 

a function, even though this organelle was observed in early and vitellogenic primary 

oocytes, but not in fullgrown oocytes when the density of oocytes was high. In deep-sea 

holothurians species, annulate lamellae are present in all stages of oocyte development 

(Tyler et al., 1994). 

Ultrastructural observation revealed that yolk was the first material accumulated after the 

increase in the number of mitochondria. Y ol.k containing lipid-like granules or lipid 

droplets was observed in deep holothurian species (Tyler eta/., 1994) and H.leucospilota 

of Heron Island (Franklin, 1980; Eckelbarger & Young, 1992) were not present in the 

current study, even though Os04 fixation had been applied. Cristalloid structures as in 

S.califomicus (Smiley & Cloney, 1985), were similarly not observed 

Small electron dense granules, coated with a single membrane similar to that of yolk 

bodies, were sometimes observed close to the Golgi complex. The presence of these 

vesicles may indicate that Golgi produced at least part of the yolk bodies within the 
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cytoplasm of H.leucospi/ota investigated. Two or three granules were repeatedly 

observed in fusion in this species, which also occurred in H.leucospilota of Heron Island 

(Franklin, 1980). In J:briareus (Kessel , 1966) and B.natans (Tyler et a/., 1994), yolk 

granules have been suggested to develop from the small saccules of Golgi complex. 

Vacuoles were observed coexisting with yolk granules and part of the vacuoles was 

apparently produced by Golgi and involved in exocytosis. It has been suggested that the 

vacuoles contained secretory materials which may be important in accumulation of jelly 

materials. This has also been reported in T.briareus (Dendrochirote: Cucumariidae) 

(Kessel, 1966), S.califomicus (Smiley, 1988) and B.natans (Aspidochirote) (Tyler eta/. , 

1994) and it was concluded that the jelly layer was produced by the oocytes. In contrast, 

Franklin ( 1980) suggested that follicle cells were responsible for jelly layer accumulation 

through pinocytosis. However, the jelly layer may be produced both externally by follicle 

cells and internally by the oocytes (Ncf>rrevang, 1968 cit. Franklin, 1980; Eckelbarger et 

al., 1997; Smiley and Cloney 1955; Smiley eta/. , 1988; Beijnink et al., 1984). In order to 

resolve this, further work involving biochemical-ultrastructural studies needs to be 

carried out. 

Microvilli were absent in previtellogenic oocytes where the synthesis rates (yolk and jelly 

layer accumulation) were relatively low, and then appeared and gradually became 

complex structures when vitellogenesis commenced. From this, it may be assumed that 

intensive exocytosis was connected to the change in oocyte outline during development. 

During vitellogenesis, the oocytes enlarged, and the membrane became involved in 

intensive material transfer through exocytosis, including jelly accumulation outside the 

oocyte membrane. Such exocytosis may play a part role in oocyte enlargement, as the 

vacuole membrane persisted and was added to the oocyte surface, providing an irregular 

oocyte outline. After the oocyte size and jelly layer reached maximum size thickness, 

synthesis within the cytoplasm and material transfer including exocytosis slowed or 

ceased. Simultaneously microvilli became simple and shorter. In addition, stretching 

during volume increase promoted a smoother oocyte surface. Nonetheless, it is also 
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possible that microvilli developed to anticipate oocyte enlargement, without any 

correlation with the rate of material transfer. 

Late vitellogenic oocytes of B.natans (Tayler et a/., 1994) have also been reported to 

possess more microvilli . In S.ca/ifornicus, microvilli became more complex, creating 

microplicae structures (Smiley and Cloney 1985, Smiley 1990), which may be the same 

structure as the complex microvilli observed in late vitellogenic oocytes of the 

H.leucospilota investigated in this study. Franklin (1980) suggested that shorter 

microvilli in late vitellogenic oocytes indicate their significance in metabolic activity and 

supply of material. 

Follicle cells replaced the oolemma in preventing oocytes mixing with external materials 

as stated in Smiley ( 1990). Replacement commenced when oocytes begin to bulge and 

then liberate themselves from the tubule lining. Follicle cells appeared to originate from 

the inner tubule lining. Even though follicle cells of H.leucospilota inhabiting Heron 

Island (Franklin, 1980), S. californicus (Smiley, 1988) and a deepsea B.natans (Tyler et 

a/. 1994) have been reported to have the same origin, these cells were ciliated. Variation 

between two population of H.leucospilota, in terms of ciliated follicle cells, may 

represent an intra-specific variation, which may result from differences in latitudes, or 

adaptation to particular habitat/niche as is the case with fissiparity. Further investigations 

of the same species from different populations are required before a conclusion can be 

drawn. 

Similarity occurred in follicle cells surrounding large vitellogenic oocytes amongst 

deepsea Aspidochirote species B.natans (Tyler et a/., 1992), Hansenothuria benti and 

Holothuria occidentalis (Eckelbarger & Young, 1992). These cells exhibited podocytes 

standing on a basal lamina. The same structure has yet to be reported from shallow water 

species. Water depth may have an influence on such structural adaptations. 
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Follicle cells started covering oocytes immediately after the oocytes detached from the 

tubule lining. and were maintained in fullgrown oocytes. As such, they may function as a 

barrier, protecting oocytes from the surrounding mediwn. In additio~ the presence of 

follicle cells allowed oocytes to remain in clusters when fresh fecund tubules were 

dissected (See Chapter IV). This may have facilitated by the fact that follicle cells were 

located between adjacent oocytes (See Figure V 10 B). Continuance follicle cells 

surrounding fullgrown oocytes was also reported in P.fabricii (Hamel et al., 1993) and 

Cucumaria elongata (Chia & Buchanan, 1969). However, those in S.californicus (Smiley 

and Cloney, 1985) and H.leucospilota from Heron Island (Franklin, 1980) were reported 

to remain in the tubule lining when oocytes migrated to the lwnen. 

In addition to creating a physiological microenvironment, follicle cells have been thought 

to secrete a jelly layer substance and provide nutrition to the oocytes (Franklin, 1980 ~ 

Smiley & Cloney, 1985~ Hirai et a/., 1971), and produce a maturing hormone 

(Strathmann & Sato, 1969). Evidence of pinocytosis has been reported in H.leucospilota 

from Heron Island (Franklin, 1980), but it was not observed in the population 

investigated in this study. 

When Strathmann and Sato (1969) induced oocytes of S.californicus with radial nerve 

extract of starfish, it was revealed that follicle cells produced a maturity inducing 

substance, which functioned to induce germinal vesicle break down. In another 

experiment, Maruyama ( 1980) succeeded in stimulating the dissolution of the germinal 

vesicle in fullgrown oocytes of H.leucospilota with dithyotreitol (DTT). As the 

maturation process was not included in this study of ultrastructl,lre, it is possible that 

position of follicle cells surrounding developing and fullgrown oocytes allows such 

functions to occur. 

The protuberance connecting oocytes to the follicle shield of the H.leucospilota 

investigated was similar to the micropyle (Ohshima, 1925) or fibrous cytoplasmic 

processes (Maruyama, 1980). This may be the only physical bridge maintaining contact 
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between both types of cells. Microvilli were never observed reaching the follicle shield. 

This was also the case in S.calijornicus (Smiley & Cloney, 1985 ~ Smiley, 1988a) and 

other population of H.leucospilota at Heron Island (Franklin, 1980). 

The protuberance may function: i) as an attachment point for the oocytes to the follicle 

layer~ ii) as a point to which germinal vesicles migrate, and iii) as the area of animal pole 

at which the polar bodies protrude (Maruyama, 1980~ Smiley, 1988, 1990). In 

H.leucospilota inhabiting Heron Island reef (Franklin, 1980), this structure has been 

suggested to be the point at which young oocytes attached to the tubule lining, and it did 

not have a physical correlation with follicle shield because the follicle cells remained in 

the tubule lining when the oocytes migrated to the lumen. However, in this current study, 

the accumulation of follicle cells at the proximal end of the protuberance may provide 

evidence for the linkage between follicle shield and the oocyte, and indicate that the 

follicle cells were connected to each other. This supports the first fimction of 

protuberance. Furthermore, protuberances were not located on the same side of nucleus, 

and did not seem to support the second fimction. This structure may disappear after the 

follicle shield was liberated. As only a small number of oocytes with GVB were observed 

(Chapter IV), there was insufficient information to clarify this issue. Research on oocyte 

maturation process is required to provide such evidence. 

Ovulation, defined as a liberation of oocyte from the somatic cells including follicle cells 

encircling oocytes (Smiley and Cloney, 1985), did not occur within the ovarian tubules of 

the population studied As the nucleus remained intact in fullgrown oocytes, this 

condition illustrated that oocyte maturation did not occur within the ovarian tubules of 

investigated H.leucospilota. This supports the suggestion made by Franklin (1980) that 

oviduct was an important tunnel for maturation. However, it is possible that ovulation 

and GVB occurred just prior to spawning (which only occurred during restricted period) 

and was missed in the sampling events. Unfortunately, several spawning experiments 

conducted during this study were not successful. Another species that exhibits the same 

condition as the population studied is P fabricii (Hamel et a/., 1993). While another 
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population of H.leucospilota (Franklin, 1980) showed slightly different mechanisms. 

Even though maturation was not reported to occur within the tubules in this population, 

and sea water did not induce germinal vesicle break down either, ovulation occurred 

within the tubules as follicle cells remained in the tubule lining when the oocyte migrate 

to the lumen. 
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Chapter VI. General Discussion 

Populations at East Point and Nightcliff fringing reef showed both sexual and asexual 

reproductive activity. Small individuals resulting from fission were observed throughout 

the year and gonads of individuals in the population developed in synchrony. An increase 

in fission rate (F% and R%) occurred in the East Point population during a period of high 

precipitation. This coincided with sexual maturation that ended with spawning during a 

restricted period at the end of wet season. 

In holothurians, asexual reproduction by fission is rare. Only 1 0 species have been 

reported to reproduce asexually by fission. However, fissiparity may not appear in 

populations of fissiparous holothur:ian species in certain habitats. Holothuria leucospilota 

exhibits this phenomenon. Monthly sampling revealed that the populations at East Point 

and Nightcliff reproduced asexually over the year. To the best of my knowledge, 

fissiparity in species of H.leucospilota has only been reported previously from a single 

sampling of populations inhabiting Fanning Island (Townsley & Townsley, 1973) and La 

Reunion Island, Indian Ocean (Conand et al., 1997). This is also the case in other 

fissiparous species. In Taiwan waters, the H.atra population reproduced asexually in 

Wanlitung but merely reproduced sexually in the population ofNanwan, which is only 20 

km away from Wanlitung (Chao et al., 1993). 

Asexual reproduction by fission in the Nightcliff population showed less fluctuation in 

fission frequency (F% and R%) than that at East Point, where more intensive fi ssion 

occurred during the end of wet season. At Nightcliff, several small individuals, 

considered to be juvenile, were detected on the reef, but not at East Point. This was of 

interest, as it may illustrate that limited, or no sexual recruitment occurred in the 

population of East Point where frequency of fission (F% and R%) was higher than that at 
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Nightcliff. Comparing these two populations, it appeared that when sexual recruits were 

low, asexual reproductive activities increased. 

As fission was more common at the East Point population, it would be expected that this 

population would have smaller individuals and a higher population density than that at 

Nightcliff, because fission reduces individual size and increases the number of 

individuals. However, the observations conducted during the study revealed the opposite 

situation: mean individual size at East Point was higher than that at Nightcliff. A possible 

explanation was that locally specific environmental factors such as food availability 

influenced individual growth at the site habitat. Such influential factor was not limiting in 

the East Point population, while it may have restricted growth at Nightcliff. As a 

consequence, the East Point population showed higher mean individual size and greater 

maximum size (potentially 450-600 grams), than Nightcliff population. If this hypothesis 

is acceptable, then mortality may occur either after spawning or during the early life 

stages. 

Recently Uthicke (200la) proposed a model on fissiparity of holothurians, based on 

phenomena exhibited by S.chloronotus and H.atra at the GBR. In particular ways, habitat 

supports either large or small size individuals. When a habitat was more suitable for large 

individuals, then proportion of energy consumed would be higher for growth than fission. 

At this stage, food may prevent individuals from undergoing fission. On the other hand, 

when the habitat suits small individuals, then more energy may be allocated for fission. In 

H.leucospilota investigated in this study, East Point population showed higher density, 

larger individuals and more intensive fission than Nightcliff population. Carrying 

capacity of the study sites may be different for the holothurians, and it needs to be better 

understood for future studies. 

Population densities may be influenced more by the carrying capacity of the local habitat 

than by specific and biological similarities of populations, as the environmental factors 

may vary greatly amongst habitats. Density of H.leucospilota populating East Point and 
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Nightcliff was relatively low: 0.29 (at rock platform) and 0. 77 individuals m-2 (at lower 

site), and 0.054 individuals m-2 respectively, compared to that at Reunion Island (0.5-1.2 

individuals m-2
) (Conand et al., 1997). Variation in density among populations 

undergoing fission in different habitats also occurred among S.chloronotus. At Trou d'eau 

station, Reunion Island, Indian Ocean, the density was 3.15 individuals m-2 (Conand et 

at. , 1998), while at New Caledonia it was only 0.5 individuals m-2 (Uthicke, 2001a) and 

0.02-1.2 individuals m-2 at Heron reef, GBR (Franklin, 1980~ Uthicke, 1997). 

Timing of asexual reproductive activity seemed to be influenced more by local 

environmental conditions than species specific attributes, as is the case with timing of 

spawning season (Morgan, 2000). As the previous reports on fissiparity in H.leucospilota 

were based on a single sampling collection, information on variation in timing of fission 

was not available. However, comparison with fissiparity in H.atra and S.chloronotus is 

possible. In populations of H.atra from north hemisphere, fission occurred throughout the 

year and peaked in coincidence with highest water temperature (August) at Wanlitung, 

Taiwan (Chao et al. , 1994). At the back reef of tropical water Reunion Island, fission of 

the same species increase during warm season (Conand, 1996). However, in south 

hemisphere there was a seasonal pattern with fission intensifying in winter at four reef of 

the Great Barrier Reef, (Uthicke, 1997). Asexual reproduction in S. chloronotus in the 

same area of GBR, is more common in winter (Uthicke, 1997), or during the cool season 

at tropical Reunion Island, Indian Ocean (Conand et al., 1998). It seems that habitat and 

other environmental factors, rather than endogenous species specific factors, regulate the 

asexual reproductive season. 

Environmental factors that may stimulate fission have not been determined so far. 

Nwnerous factors including salinity, water temperature, eutrophication, anthropogenic 

activities, tidal waves, exposure duration and food availability have been proposed to 

stimulate fission (Emson & Wilkie, 1980~ Harriott, 1982 ~ Emson & Mladenov, 1987~ 

Chao et al. , 1993; Chao et at., 1994~ Chao et al., 1995~ Uthicke, 1997; Conand et al., 
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1998; Jaquemet eta!., 1999). As concluded by Uthicke (1997), it is possible that more 

than one factor may be responsible for initiating fission. 

In the current study, fission at East Point intensfied (January to April) when rainfall 

peaked, a majority of the days were overcast and mean bright days (hr/day) were 

minimal. Alteration in salinity and water temperature, particularly a decrease, may be 

influential in initiating fission. During this period, the reef was flooded, maximum 

duration of reef exposure was less than 4 hrs/day, therefore, direct solar radiation seemed 

to be less of an influence. Food availability in the habitat may also take a role in 

regulating fission as has been suggested to occur in S.chloronotus inhabiting nearshore of 

Reunion Island and GBR (Conand, 1996; Uthicke, 1997; Uthicke, 200 la). A further 

study of food availability in the local habitat and metabolic requirements of 

H.leucospilota would be a fruitful extension to the current study. 

Several reports indicated that factors triggering fission tended to be species specific. At 

Rongelap Atoll, Marshall Is, H.atra was observed undergoing fission but not 

H.leucospilota (Bonham & Held, 1963). At Heron fringing reef, S.chloronotus underwent 

fission but not H.leucospilota (Franklin, 1980) and at Fanning Island fission was 

observed in H.leucospilota, but not in S.chloronotus (Townsley & Townsley, 1973). 

Captive individuals of three different fissiparous species collected from populations 

undergoing fission illustrated this phenomenon. Unidentified factors in the laboratory 

triggered fission in S.chloronotus and H.edulis in the same season as in the field, but not 

in H.atra (Uthicke, 1997). 

Fission did not appear as an instant process in which the body divided. Internal organs 

were prepared and other physical changes occurred prior to total body division. Empty 

intestines observed in fissioned individuals were evidence of fasting during a short period 

before intestinal separation for anterior and posterior end individuals. This may be to 

facilitate easier division without spoiling or spilling of any intestinal contents into the 

body cavity, and further processes (absorption) toward remaining intestines. After 

132 



General Discussion 

division, the blind end gonadal tubule fractions may be absorbed (rather than regrown or 

expelled to the water column), as the individuals showed a potential, or capacity, for 

gonad resorption when post spawning tubules disappeared. 

Asexual reproduction possibly reduced sexual reproductive capacity of the populations of 

H.atra, as maximum gonad index in the population was low (Conand, 1996). In this 

current study, when fission-produced individuals became more common in the 

population, the mean individual size decreased (see Chapter ill). As a consequence, mean 

volume of gonads in the population would also be reduced as pointed out by Franklin 

( 1980), as larger individuals possed larger gonads. Furthermore, fission appeared to 

prevent spawning as several anterior end individuals carried fecund gonads. Hence, 

fission may reduce sexual recruitment, rather than gonad development. Even though large 

number of small individuals may be effective for fertilization, it did not seem to be 

occurred in the populastion studies because density were relatively low, which was 

strongly possible to be regulated by the habitat capacity. 

Fission in individuals possessing gonads has been reported in several fissiparous species 

including S.chloronotus from GBR and Reunion Island (Uthicke, 1997; Conand et al., 

1998), H.atra (Chao et al., 1994; Uthicke, 1997) and H.parvula (Emson & Mladenov, 

1987). Synchrony in sexual and asexual reproduction, as observed in the population of 

H.leucospilota studied, occurred in H.atra and H.parvula, while S.chloronotus 

reproduced asexually following the spawning period. 

In individuals of H.leucospilota studied, the gonad basis and proximal part of tubules 

remained in the anterior end individuals. Twisting occurred at the point behind the 

position of gonad basis. In the same species at La Reunion Island, Indian Ocean (Conand 

et al., 1997), gonads remained with the posterior end individuals. However, in the 

populations studied and also that from Fanning Island (Townsley & Townsley, 1973), 

anterior end individuals were always smaller than posterior end individuals. 
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Point of fission appeared to be species-specific. Anterior end individuals of H.atra have 

been reported to be slightly smaller than posterior end individuals, as the body twisted at 

a point 45% anteriorly (Chao et a/., 1993; Conand, 1996). In H.parvula (Kille, 1942; 

Emson & Mladenov, 1987) and H.surinamensis populations (Crozier, 1917), the area of 

constriction was in the middle of the body, while in S.chloronotus, the mouth end was 

slightly larger than the anal end individual (Conand et a/. , 1998; Uthicke, 2001). 

Recalling the interesting work of Reichenbach & Holloway, (1995) and combining it 

with the phenomenon of the natural point of fission in several species mentioned above, 

induction of fission in non-fissiparous species may be another option for holothurian 

propagation. 

Maturation of gonads in the H.leucospilota population at East Point took place during a 

period of intensive asexual reproduction. Gametogenesis was estimated to take less than a 

year (6-7 months). At the beginning of wet season (October-November or earlier), most 

ovarian tubules in the population were in the early stages of development, and contained 

previtellogenic oocytes. During the following two months, these ovarian tubules grew 

and carried vitellogenic oocytes. Starting in January and ending in early April with high 

mean daily precipitation and low mean day light, the oocytes as well as the ovarian 

tubules attained maximum size. Fullgrown oocytes were discharged into the water 

colwnn. This occurred sometimes over a period of approximately 2 weeks in April, 

between the new and full moon of lunar cycle. This event coincided with a period in 

which the reef was flooded most of the days. 

The timing of spawning appeared strategic for sexual reproductive success in the 

population investigated. The short period (sometimes during 2 weeks time) and well

synchronised nature of gametes release provided more chance for contact between male 

and female gametes. This strategy may compensate for the low density of the population. 

However,. juveniles were infrequently found on the reef during 18 months of monitoring. 

Unsuccessful sexual recruitment in the population may be a consequence of insufficient 

numbers of breeders in the areas, or due to food limitations, settlement space, or 
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predation during development (Roberts, 1969~ Costelloe, 1988~ Chia, 1974 ~ Connoly & 

Roughgarden, 1999~ Francour, 1999). Otherwise, larval recruitment settled in other areas. 

Gonad index analysis was not used in determining the sexual reproductive cycle of 

H.leucospilota in this study, as examination of the morphology and ultrastructure of the 

gonadal tubules provided adequate information. Ovary development in H.leucospilota 

studied was unlikely to follow the recruitment model proposed by Sewell et a/. ( 1997). 

Gonads of individuals in the population developed in synchrony. Tubules in each gonad 

grew and developed simultaneously. Fully grown oocytes were evacuated from the entire 

gonadal tubules in one spawning season. Absorption of post spawning tubules facilitated 

easier identification of the termination of each sexual reproductive cycle. This was 

evident by disappearance of gonads from the population in July/August to September. 

Absorption of post spawning gonads until their disappearance from the individuals of the 

population occurred over a period of 5-6 months during the dry season. As a result, it was 

estimated that gametogenesis in H. leucospilota required 6 to 7 months. The same species 

at subtropical Heron Reef, comprised large non-fission individuals, spawned annually 

during summer (November to March or December to January). Absorption of post 

spawning tubules occurred over a very short time as oocytes started proliferating in 

March-May (Franklin, 1980). In subtropical northern-hemisphere, sexual reproduction of 

H.leucospilota inhabiting Hong Kong waters was un-synchronised, with main spawning 

occurred in summer, August - September and extended to March, and the resting period 

occurred in March-April (OngChe, 1990). It was not known whether merely geographic 

difference or the presence of fission was more influential in this variation. Interestingly, 

P fabricii from eastern Canada, possessed all stages of tubule development throughout 

the year, post spawning tubules were regrown and gametes were estimated to reach 

maturity in 15-18 months (Hamel et a/, 1993 ). 

Even though gonads in individuals of H.leucospilota were well developed and had 

reached fecundity, sexual recruitment was not guaranteed. Consequently, asexual 
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reproduction by fission was suggested to be essential in maintaining the populations. As a 

result, the average size of individuals in the populations was small, characteristic of 

populations undergoing fission. 

Is there any genetic variation amongst fissiparous holothurian populations of the same 

species, so fission only occurs in certain habitats ?. What specific conditions for fission 

expression required from the environment ? When such environment factors change, 

would status of sexual and asexual reproduction on population maintenance alters ? . 

These questions may direct future works in order to understand reproductive strategies in 

fissiparous holothurians. 
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REF: F99/0129 

MrP Pwwati 
Faculty of Science 
NTU 
Casuarina 0909 

Dear Mr Pwwati 

Subject: Section 17 permit 

Please find attached your Section 17 pennit with conditions. 

Fisheries Division 
GPO Box 990 

Darwin NT 0801 
AUSTRALIA 

The permit is valid between the dates of 1st Julyl999 and 30th June 2000. 

Prior to proceeding on any fish collection trip submit the notice to Director of Fisheries and 
OIC, Police Marine Fisheries Enforcement Unit. 

Please note item (viii). If you are collecting within a calendar month please submit the 
monthly return. 

If you have any queries on any matters relating to the permit, please contact licensing staff on 
8999 2370. 

Yours sincerely 

Steve Wilmore 
Senior Licensing Officer 

HEAD OFFICE 
Benimah Farm 
Mak.agon Roao Bemmatl 
Pho~ 08 8999 2144 
Fax 08 8999 2065 

DARWIN AQUACULTURE 
CENTRE 
Chan~! Island 
p~ 08 8924 4259 
Fax oe 8924 42n 

DEPARTMENT OF'~ PRIMARY INDUSTRY 
AND FISHERI~ES 

·~ W' 



Northern Territory of Australia 

FISHERIES ACT 

Special Permit No 1999-2000/S 17/1387 

PURSUANT to section 17 of the Fisheries Act 1995: 

Pradina Purwati 

an employee of the Northern Territory University, is hereby pennitted to collect sea cucumber, 
Holothuria spp, from the waters of the Northern Territory, subject to the following conditions: 

i) Fishing operations carried out under this permit shall be only for the purposes of 
official research and studies being conducted as part of the permit holders employment 
with the Northern Territory University; 

ii) The permit holder is entitled to collect aquatic life by hand; 
iii) If, while collecting under this permit, fish or aquatic life are taken and returned to the 

water with as little injury as possible to the fish or aquatic life, then the fish or aquatic 
life shall be deemed not to have been taken; 

iv) This permit is not to be used whilst amateur fishing; 

v) Fish or aquatic life may not be taken for personal conswnption or sold; 

vi) The permit holder shall at all times be in the vicinity of, and maintain direct physical 
control of fishing operations under this permit. The permit holder is entitled to accept 
assistance in carrying out activities under this permit from persons under their direct 
control; 

vii) On cessation of the pennit, the permit holder will supply to the Director of Fisheries a 
written record detailing fishing activities carried out under the permit; 

viii) A daily logbook shall be kept detailing activities relating to any fishing activity under a 
permit. The daily logbook sheets shall be submitted to the Fisheries Division within 
28 days of the following month; 

ix) The permit holder, or any other person receiving aquatic life or fish materials under 
this permit waives any claim to ownership of intellectual property that may arise from 
a study of genetic materials or information inherent in the aquatic life or fish materials. 

This permit is valid from 1 July 1999 until 30 June 2000 but may be revoked or varied at any time 
by the Director . . 

~ -. ---
Direct t of Fisheries or Delegate 
1 July 1999 
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