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SUMMARY

Members of the family Arcidae (phylum Mollusca, Class Bivalvia)
typically occur in habitats ranging from the intertidal zone on wave-
exposed sandy shores to the marginally subtidal areas of sheltered mudflats
bordering mangroves. They also occur at much higher tidal levels within
the mangrove system (e.g. tambaks) and even extend into deeper subtidal
areas. This study confirms that Anadara granosa possesses remarkable
behavioural and physiological adaptations to deal with short-term
fluctuations in environmental conditions.

Both A. granosa and A. antiquata are gonochoristic species.
Planktotrophic post-fertilisation development is associated with the

production of large numbers of small (45-65um) eggs during their
iteroparous life cycle. A few individuals were reported with both male and
female gametes present within the same individual follicles; these appear
to be sequential protandric hermaphrodites with only a single sex change
during their life history. However, A. antiquata grows to a larger size prior
to the onset of reproduction. 4. granosa exhibited major spawmngs durmg
July-September 1992 and June-August 1993 with other spawnings in
February and March 1992 and 1993.

Allometric growth in both 4. granosa and A. antiquata seems to be
associated with the development of a broad, light weight shell necessary
for life in relatively soft sediments. Two distinct ecomorphs of A. granosa,
one rounded and one elongated form, are described. Although the growth
bands within the shell of 4. antiquata are difficult to interpret, those in A.
granosa are clearly defined and have been shown to have a tidal
periodicity which reflects the predominantly diurnal component of the
mixed semidiurnal tidal regime. These growth bands exhibit a semilunar
pattern in which narrower growth increments are produced during or a few
days after spring tides whilst wider increments are produced during neap
tides. The width of the growth increments was also shown to vary
seasonally with groups of narrow increments deposited during February-
March and July-September when the clams were spawning, whilst the
widest increments were laid down during May-June. This pattern of
narrow and wide increments was used to estimate the age of individual
clams and the age composition of the population. Whereas the population
of A. granosa at Wedung consited of younger clams (1-4 years old) the
population at Tapak consisted mainly of older (6-12 years old) clams.
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CHAPTERI1

GENERAL INTRODUCTION

Marnne bivalve molluscs of the family Arcidae, subfamily Anadarinae,
mostly have solid shells and are generally trapezoidal in outline varying from
sub-ovate to quadrate. They may be characterised by being inequivalve.
However, this character is variable, appearing in juveniles only in some
species and being present or absent in adults of others (Oliver, 1992). The
shell is unequilateral in shape with the beaks (umbones) normally in the
anterior half of the shell. This group still retains some primitive characters
which are present in all species; these include the distinctive duplivincular
ligament which is shared only with the Glycymerididae, and a row of many
small alternating taxodont teeth and sockets in the hinge plate of each
valve, which increase in size toward the margins. The duplivincular ligament
takes the form of a series of lamellar bands stretched across the cardinal area
between the umbones which may be widely separated. Typically the
ligament is placed obliquely giving a chevroned appearance.

It was thought that, being amongst the least modified byssally attached
bivalves, ark shells had probably been compelled to retain the primitive
1Isomyarian condition (two adductor muscles of similar size) by virtue of their
exceedingly weak ligament (Thomas, 1976). Furthermore, unlike most

bivalves, the mantle isthmus of these arcids is divided into two during

ontogeny with the outer marginal folds of the left and right mantle lobes

running across the middle (Owen, 1959). The scars of the adductor muscles



are slightly subequal in size, the pallial line i1s entire and the inner margin
may be smooth or deeply crenulated (Tebble, 1966; Oliver 1992).

Some species of Anadarinae, particularly those epifaunal ones which
attach to rocks, have a byssal system. In exposed intertidal habitats some
species are almost mytiliform with a large, strong byssus such as Barbatia
barbata (L.) and these contrast with those from sheltered crevice sites where
the outline is rectangular and the byssus greatly reduced. Infaunal species
cither live freely unattached, e.g. Anadara granosa (L.) or posses a weak
byssus of narrow bands like those seen in Anadara antiquata (L.). As a group

they are poor burrowers, some living only partly buried.
The genus Anadara is geologically fairly recent, albeit not the youngest

when compared with many other genera within the family Arcidae which

have representative forms like Barbatia that originated in the Triassic period.

The earliest species of Anadara existed in the Tongrian Stage of the
Oligocene period, some 26 million years ago. This species was first
described as Arca sulcicosta (Nyst, 1836 cited in Lim 1968) but was
subsequently placed in the genus Anadara by Gray (1847 cited in Lim,
1968). Anadara began with a few Oligocene species, such as A. invidiosa
(Cassy), A. sulcicosta (Nyst), A. waylandi Cox, and A. daitokudoensis
(Makiyama): which were widely distributed in North America, Europe,
Africa and Japan respectively. Moreover, the number of species within the
genus Anadara increased during the Miocene and later geological periods
(Lim, 1968).

The recent genus which has five living subgenera a) Anadara s.s b)
Scapharca ¢) Cunearca d) Argina e) Senilia (Reinhart, 1935 in Yoloye,
1975; Lim, 1968) and contains about sixty species, is distributed as far



south as southern Australia and as far north as the islands of Japan and

the Mediterranean Sea. Anadarinids are typically found in estuarine and
brackish water environments and occur from the intertidal zone to subtidal
depths of 80-100 fathoms (Lim, 1968).
Members of the subfamily Anadarinae are frequently termed "cockles”
as morphologically they superficially resemble the European cockle
Cerastoderma edule which in fact belongs to the family Cardiidae. This
terminology, therefore, does not have any taxonomic significance. 4. granosa
1s sometimes called the mangrove cockle (Borrero, 1980) because of its
association with mangroves, or the blood/bloody cockle (Wong et al, 1985;
Davenport and Wong, 1986) because of the high levels of haemoglobin in
the blood. Anadarinids have also been called arc/ark-shells (Tebble, 1966) or
blood clams (Patel and Eapen, 1989a, b). Further in the text, these two later
terminologies will be applied for the two species studied, i.e. A. granosa and
A. antiquata. Unlike most other bivalve species, the genus Anadara is
specialised with the invariable occurrence of the red blood pigment
haemoglobin in all of its species, hence the common name blood clam
(Wong et al, 1985; Davenport and Wong, 1986; Patel and Eapen, 1989a, b).
So far the largest recorded ark shell is 4. grandis off the Colombian coast,
the largest specimen of which weighed more than 1 kg (Squires et al, 1975).
A. granosa 1s one of several species within the genus Anadara found in
Indonesian waters and indeed is the only one regularly collected as food

among people throughout the archipelago. This blood clam has an equivalve

subquadrate outline, the anterior margin of which is broadly rounded whilst

the posterior margin is slightly expanded. The umbones are located just in

front of the mid line. A. granosa has approximately 19 to 21 strong radial



rbs, these broadening over the posterior slope, each with a row of tubercles.
The perniostracum is dark reddish-brown and usually wom away at the
umbones, whilst the cardinal areas are black and the ligament bands
arranged obliquely to the hinge line. The inner margin of the shell 1s deeply
crenulated and interlocking whilst the inside of the shell is chalky white.

The other anadarinid species under investigation in this study 1s A. antiquata.
According to Lim (1968) and Oliver (1992), A. antiquata is the type species
for the genus Anadara and yet there are few published studies of this species.
It has a somewhat elongate subrectangular outer shape, longer than high, its
posterior margin longer and gently sloping. The ligament lacks all but the
outer chevron whilst the interior of the shell varies from chalky white to dark
green in colour. The sculpture consists of about 35 wide ribs in which the
interspaces are narrower than the ribs. Troughs in the weakly nodulose radial
ribs are hairy, particularly toward the ventral margin of the shell. The
periostracum which is persistent particularly at the margins, consists of fine
lamellae and fine erect bristles and is blackish-brown in colour. The umbones
which are in the anterior third of the hinge line are not elevated and are
rarely worn away due to their life habit of attaching to gravel or pieces of
dead coral just beneath the sediment surface. The cardinal area between the
umbones is black. The ventral margin of the shell is crenulated, slightly
interlocking at the posterior margin and bears no noticeable gape for the

Insertion of the flattened slim byssus stem. In juvenile specimens (15-20mm

length), the two valves are slightly unequal, the right one being somewhat
larger. However, with increasing size this difference becomes less evident.

As in other Anadarinae, the mantle lobes are free ventrally, the short 'siphons’



being formed by apposition of the inner fold of the mantle margin, wherein

whitish light-sensitive pigment spots occur (Lim, 1966).

Recorded data on mortality of 4. granosa in either natural or
artificially seeded beds have usually been attributed to such physical and
biological factors as: 1) sudden dramatic depressions of salinity due to
periods of prolonged heavy rainfall (Liong, 1979); 2) wave and wind action
(Narasimham, 1969; Nair, 1986), 3) shore elevation (Broom, 1983c), 4)
gastropod, starfish (Broom, 1983c) and crab predation (pers. obs.). None of

the published literature mentions mortality of 4. granosa due to parasitism or
bacteriological causes. Bardach et al (1972) stated that at least up to 1972 no
known cases of mass mortality caused by diseases or parasitism had been

reported and subsequently there have been no further references until this

present study.

Shell-crushing predation by decapod crustaceans has been shown to be
an 1mportant process in the evolution of mollusc shell and crab claw design
(Vermeij, 1977; Zipser & Vermeij, 1978). This coevolutionary relationship
has been shown to vary latitudinally with heavier predation pressure by crabs
in tropical latitudes (Vermeij, 1977), leading to heavier shells and shell
armour in gastropods (Bertness & Cunningham, 1981). Similarly, tropical
bivalves have more complete shell protection provided by tight valve closure
which is thought to reflect an equatorward increase in crushing predation
Intensity (Vermeij & Veil, 1978). Meanwhile tropical crabs have been
reported as being able to take larger prey than temperate crabs of comparable
size (Vermeij, 1976). The latter were found to be less specialized for

crushing hard-shelled prey (Zipser & Vermeij, 1978).



The cntical size of a prey species 1s determined both by its own
geometrical characteristics, e.g. shape and thicknes of shell, hardness and
structure of shell material; as well as by the behaviour and morphology of the
crabs. Both A. granosa and A. antiquata present an approximately globular-
outlined shell with interlocking valve margins. Although both blood clams
have relatively thicker shells compared to, for example mytilids, which have
often been used as the prey model in studying feeding behaviour of crabs
(Seed, 198.’2; 1990d,b; Lin, 1990, Seed, 1993) shell thickness may vary from
one subpopulation to another. Difference in shell thickness however, are
thought to be due to excessive salinity fluctuations (Broom, 1982a). In the

present study, no attempt was made to study the behaviour of both species

when exposed to crab predation.

Many species of Anadara are gathered for human consumption (Oliver,
1989). On the Pacific coast of Colombia, 4. tuberculosa (Sowerby), A.
similis (C.B. Adams), A. multicostata (Sowerby) and A. (Grandiarca)
grandis (Broderip & Sowerby) are all harvested on a subsistence basis
(Squires et al, 1975) as is A. cornea (L.) in West Africa (Okera, 1976) and A.
antiquata in Central Java, Indonesia. Yet in the Philippines, A. antiquata
forms quite an important fishery item in many shoreline towns where this 1s
the only edible bivalve mollusc commercially harvested from wild
populations (Toral-Barza and Gomez, 1985). Species harvested on an
Intensive commercial basis include 4. granosa in Indonesia, Malaysia and
Thailand, 4. subcrenata (Lischke) in Japan and A. broughtoni (Schrenck) in
South Korea. There is some culture of A. granosa in Malaysia and Thailand

(Broom, 1982c; Ng, 1984).



In Malaysia, the early development of blood clam (4. granosa) culture
has been reported to have begun in 1948 (Pathansali and Soong, 1958). At
the present time in Malaysia, the Fisheries Department monitors the growth
of spat in their natural beds. When the spatfall is within a size range of 4-
10mm the Department authorises the collection of blood clams larger than
the minimum legal size of 6.4 mm (Akta Perikanan Malaysia, 1963). The
fishermen collect the spat manually at low tide, when the water is about 60
cm deep. The season for collection may continue for several weeks after
settlement has been detected and the collected spat are sold both locally and
to cultunists in Thailand. Usually the culture beds are located both outside
and in the mouths of large rivers. The latter beds carry with them the risk of
sudden large-scale mortality during prolonged periods of heavy rain (Liong,
1979). The culture grounds are not normally prepared in any special way.

The spats are sown at densities up to 2,000 m-2, but are then thinned down as
they grow. The larger specimens are removed and resown at densities of 200
- 300 m-2, Growth is monitored and after 6 - 9 months harvesting begins. The
minimum legal size for sale in Malaysia is 31.8 mm. The whole bed is

usually fished out 12-15 months after seeding.

‘Tookwinas (1985) reported that culture of A. granosa in Thailand first
took place about 75 years year ago, in Petchaburi Province. Natural spats
were collected and reseeded in bamboo-fenced areas covering 8-16km2. The
culture period was one to two years. Culture continued in this fashion until
1972, when it was brought to a halt by severe pollution in the inner of Gulf of
Thailand. In 1973 however, culturists from Satun Province began importing
Spat from Malaysia to restart the culture operations. Since then harvesting of

the blood clams takes place about 18 months after seeding. This is later than



in Malaysia, but is due to the fact that marketable size in Thailand occurs at a

length of about 40mm compared to the smaller size of 31.8mm 1n Malaysia.

In Taiwan A. granosa 1s a highly priced species because of its scarcity
and its red meat. Even though they can be found on mud flats inside estuarine
or intertidally, their production is insufficient to meet the local demand
(Chen, 1984). Thus every year great quantities of blood clams are imported
from Korea for temporary stocking to get a good price. The culture practice
involves growing the spat in nursery ponds of 30-50cm water depth fertilised
with chicken droppings. The water of the ponds should be kept clear or light
brown in colour, and the salinity within the range of 20-30%o. The clams are
harvested manually using an iron rake. The total annual production for A.
granosa in Taiwan has dramatically decreased. In 1970 it was 145 metric
tons but this had fallen down to less than 3 metric tons in 1982 (Chen, 1984).
Overfishing of adult blood clams, short supply of spat and industrial pollution

were amongst the reasons responsible for this decline.

In Ketapang, West Java, Indonesia, similar methods to those used in
Thailand have been applied since the 1950's, but only when there 1s heavy
spatfall. The culture grounds are established openly in bays, not in sheltered
arcas where three rivers discharge into it. The practice is essentially an
extensive culture method involving collection of spat followed by reseeding
the culture ground covering an area of 10-20km?2 (Ismail, 1971). Sowing

density was not reported quantitatively, but has been described as 'very

crowded'. Since 1967, the last good season for A. granosa in Ketapang was in

1970. Spat usually appear in May-June within a size range of 2-5 mm. The
culture period however, was only 6-7 months until December-January when

rough waves during the monsoon periods tended to ruin the bamboo-fenced

8



culture ground. This is presumably because the beds were laid unprotected in
an open bay. After this short culture period, the blood clam when harvested

were on average only 18.3 mm in size (20-25 mm size range; Ismail, 1971).

Artificial induction of spawning and the subsequent rearing of spat has

only been achieved with any degree of success for A. broughtoni, A.
subcrenata and A. granosa (Broom, 1985). The latter species based on a
single study by Wong et al (1985). The scientific basis of artificial culture of
a temperate species A. broughtoni is summarised in Broom (1985) from
scattered information provided by Kanno and Kikuchi (1962), Kanno (1963‘),
Yoo (1969) and Kim and Koo (1973). Basically, the authors demonstrated
that repeated thermal stimulation (Kanno and Kikuchi, 1962, Kanno, 1963)
could trigger spawning. Kim and Koo (1973) induced spawning of ripe
specimens of A. broughtoni by raising the water temperature from 18°C to 28
°C every two hours. Similarly Yoo (1969), kept individuals at a controlled
temperature of 18-20°C then subjected them to an induction temperature of

25-29°C.

In all studies, the spawners were collected from natural populations
during the breeding season. Following fertilisation, the D-shaped larval stage
was apparently attained after 20-24 hours at a water temperature of 20-25°C.
Subsequent growth to settlement however, depends on water temperature and
on the quality as well as quantity of food provided. Kanno (1963): provided a
diet of Monas sp. at 1,200-5,400 cells.ml-1 at a temperature of 23.8-27°C and
found that larvae of A. broughtoni grew from 90um in length to settlement
size, 235um long, in one month. Kim and Koo (1973) fed D-shaped larvae on
Chaetoceros calcitrans, Monochrysis lutheri, Monas sp. and Skeletonema

costatum. They varnied the feeding such that more food was provided as the
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costatum. They varied the feeding such that more food was provided as the
larvaec grew. The feeding rates were 7,000 cells.larva-l.day~l for the D-
shaped veliger, 12,000 for the umbo stage and 23,000 thereafter. Growth

however, appears to have been slightly less than that reported by Kanno
(1963), a length of 225um only being achieved after 40 days.

Attachment of post larvae is reported as having taken place at sizes

between 180 and 270um. Yoo (1969) maintained larvae at 20.4 + 1.7°C and
found the best growth was obtained by modifying the quantity of food
according to the species of alga and the volume of the tank rather than the
number of larvae. Thus, for Monachrysis lutheri and Cyclatella nana the
concentrations in the tank should be 104-106 cells.ml-l. For Chaetoceros
calcitrans it should be 20x103-150x103 cells.ml*l. The author also
recommended that the cells should be cleaned (presumably by washing with
sterile water) after spinning down in a centrifuge prior to inoculation. In this
latter experiment larvae began to settle at a length of 260-290um, 30 days

following fertilisation.

Mortality during the larval rearing period is considerable. Kim and Koo
(1973) maintained that only 5% of the larvae survived over the 40 days
during the period of the experiment. Somewhat better results were obtained
by Kanno (1963) who found that in two groups of A. broughtoni larvae, 33%
and 10% survived to attachment, and further went on to record the rate of
growth following attachment when the spat were maintained in laboratory

tanks. These data suggested that attached spat grew from 0.28 mm to 8.21
mm 1n one year.
Ting et al (1972) achieved some success in inducing spawning of A.

subcrenata using such treatments as: 1) thermal shock, 2) immersion of
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female spawners in a sperm-sea water suspension, and 3) immersion 1in dilute

ammonium hydroxide. To induce spawning by thermal shock, spawners

which had been maintained at 27°C were transferred to water at 20°C (time
not specified) then back to 27°C. Thereafter the water temperature was raised
to 30°C. Using this treatment a response in which 50-60% of blood clams
spawned was obtained. When immersed in sperm-sea water suspension, a
62% response was achieved. Responses of 20-64% were acquired by
immersion in a weak solution (0.001-0.005N) of ammonium hydroxide 1n sea
water. Responses of 46% in female and 76% in male spawners occurred

when the body cavity was injected directly using a 0.0IN solution of

ammonium hydroxide.

Wong etal (1985) have reported some success in artificially

inducing spawning in A. granosa. They induced spawning by alternate
immersion of spawners in seawater at 16-18°C and 30-32°C. Spawning took
place after the second exposure to the higher temperature with the release of
mature eggs and sperm. Cell division started 10-15 min after fertilisation and
active trochopore larvae appeared after approximately 4 hours. The D-shaped
larval stage was attained in about 22 hours. When the larvae were maintained
at a temperature of 26-30°C and fed on a diet of Isochrysis sp., they reached
the umbo stage after 13 days and settled after 21-22 days. Shell length at
settlement ranged from 230-250um and the larvae metamorphosed into the
adult form 28-30 days following fertilisation. Following settlement, spat were
fed on a culture of mixed brown algae and attained shell lengths of 2.5 mm

after 28-30 days.

To some extent, problems of pollution are peripheral to the main focus

of this study which is the reproduction and growth of A. granosa and A.
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antiquata. However, the potential hazard to both natural populations and
mariculture activities may be affected by local water quality and the extent of

contamination by anthropogenic material is clearly important in this regard.

Pesticides and other synthetic chemicals can, even in low concentrations,

drastically affect the physiology of fish and shellfish, with which the species

may have had no previous evolutionary experience. Pollutants pose a threat

for at least two reasons: they may have a directly toxic effect on the organism
itself, and they may by virtue of contamination of the organism, render 1t

unsafe for human consumption.

Information relating to the direct toxic effects of either organochlorine

pesticides or heavy metals or hydrocarbons on any of the life stages of A.

granosa is limited, and so far, none are available for A. antiquata. Several
studies on the average values of a range of heavy metals, e.g . Cd, Cu, Hg, Pb
and Zn in the soft tissues of marketplace samples of A. granosa harvested n
Malaysia and Thailand, show that none of the levels found were particularly
high (Phillips & Muttarasin, 1985), with the exception that Huschenbeth and
Harms (1975) detected slightly elevated concentrations of Cu (5.6 ng.g-1).
The range for several heavy metals were Cd 0.28-1.91pg. g-1 Cu: 0.51-1.63
ug.g-1, Hg: 0.01-0.02 p.g.g"l, Pb: 0.13-0.46 pg.g'l and Zn from 6.2-19.9 p
g.g-1 (Phillips and Muttarasin, 1985). Indeed, these authors concluded that
none of the samples analysed contained levels of trace elements which would
Indicate the existence of potential public health problems. Since the results
are based on single samples, more information about intersample and
interlocation variability is required before definite conclusions can be drawn.
Although the results give no cause for concern that anadarinids may show a

particular tendency to accumulate trace metals, this should not be an excuse
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for complacency, because another study on A. granosa in Semarang waters
Indonesia (Anwar et al, 1990b) reported that both soft tissue and the shell of
the blood clams did indeed accumulate trace metals at high levels. The
average values of Cd, Cu, Cr, Hg, Pb and Zn were comparable to those

studies camed out in Thailand, Malaysia, Korea, Japan, Hong Kong,
Australia, Mexico and India (Phillips & Muttarasin, 1985). Moreover, Anwar

et al (1990b) recorded that the concentration factors for A. granosa ranged

from 403-1413 for Cd, Cu: 18-108, Cr:11-31, Hg : 8-31, Pb: 19-108 and for
Zn it is 15-66 times and that these figures appeared to be site-specific. The

concentration factors calculate the magnification of those metals concentrated
1n the tissues compared to that dissolved in the water.

Information on organochlorine residues in A. granosa is limited to two
studies. In one single sample of A. granosa from the Phuket area of Thailand
Huschenbeth and Harms (1975 cited 1n Broom, 1985) detected the presence
of dieldrine, DDT derivatives, lindane and PCBs (polychlorinated biphenyl
compounds) at concentrations as high as 9ug ke-1, 35ug.ke-1, 4pgkg-1 and
31pg kg1 wet tissue weight respectively. Jothy et al (1983) found an average
of 3 pgke-l, 35.5ug kel and 33.3 pgkg-1 wet tissue weight of dieldrine
DDT derivatives, and PCBs from six samples of 4. granosa from Penang and
Perak in Malaysia. Although the levels for PCBs were similar in samples
from these two areas, the level of DDT derivatives are 3 times higher in
blood clams in Thailand.

Marine organisms in general, and lamellibranchs in particular, are
known to accumulate many polyaromatic hydrocarbons (PAHs) that are
present in ambient waters, even at levels of parts per billion (Neff, 1979).

The toxic effects of these PAHs in seawater increase with molecular size of
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the compound-attributed to diaromatics characterised by naphthalene and
alkyl naphthalene (Anderson et al, 1974; Abel, 1976; Neff et al, 1976;
Stainken, 1978). The physiological and biochemical basis of naphthalene
(Nap) intoxication in A. granosa from Bombay waters was carried out under
laboratory and environmental conditions (Patel et al, 1985; Eapen and Patel,
1989; Patel and Eapen, 1989a, b). The results showed that behaviourally,
clams exposed to high levels of Nap (10-15ug/ml, for 96 h) exhibited
characteristic movements of the shell valves and foot; the shell valves opened
widely within a few hours and the muscular foot was stretched vertically
upwards with copious secretion of mucus. Clams did not exhibit any
evidence of burrowing behaviour and on transfer to a stressor-free medium,
they became intoxicated and narcotised.

Their studies further showed that bioaccumulation of Nap increased

over the first 9 hours and then gradually decreased. Tissue distribution of

Nap after 9 hours exposure at 10ug Nap.ml-l showed the highest
bloaccumulation in the gills, followed by the digestive gland, adductor
muscles and mantle folds including the foot and blood corpuscles. The
equilibrium between internal tissue compartments and the external ambient
level was established within a fairly short period of 2 to 3 hours. Conversely,

on transfer to Nap-free medium, clams depurated a major portion (>60%) of

the total body burden within the first 3 hours, irrespective of earlier exposure.

However, induction of anaerobiosis and disruption of osmotic balance on

€xposure to Nap, together with aernal exposure at low water periods and
salinity changes, acted synergistically and proved detrimental (Patel and
Eapen, 19892, b).
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The mechanism of transfer of PAHs from water to organism, like that of
trace metals and radionuclides, is controlled and facilitated by an intrinsic
liquid/water partition coefficient through biological membranes (Simkiss et
al, 1982). The food and feeding habit of anadarinids is likely to increase the
potential risk. In the natural environment, a great deal of particulate matter
enters the mantle cavity of anadarinids, and since some trace metals associate
preferentially with particulate material by surface adsorption (Phillips, 1980),
anadarinids are especially vulnerable to such pollutants.

Reports in the literature of the likely sources of nutrition of both A.
granosa and A. antiquata are still almost non-existent. So far, it is generally
accepted that bivalves other than septibranchs are specialised herbivores
whose guts rarely contain faunistic material (Owen, 1966). However, Broom
(1982b) found that benthic diatoms and foraminiferans examined in water
collected from the benthic layer, are invariably found in the gut of A.
granosa. A dense population of A. granosa, a facultative surface deposit
feeder, may significantly reduce the amount of chlorophyll in the benthic
boundary layer, compared with the quantity of chlorophyll in the benthic
layer of the adjacent mudflats where no such population is present.
Moreover, the only information for A. antiquata is that from Kasigwa and
~ Mahika (1991) working along the Dar es Salaam coast of Tanzama. Their
results indicate a wide phytophagous mode of feeding. Apparently the clams
ingest 27 genera, with well over 30 species, of phytoplankton on just one
beach alone. Members of classes Bacillariophyceae, Chlorophyceae,
Pyrophyceae and Prasinophyceae were very prevalent in the diet.

In general, bivalve molluscs are not particularly well adapted to filtering

water with high concentrations of suspended solids. Consequently, unless
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they are specifically adapted for deposit feeding (e.g. tellinids, nuculanids)
they tend to be excluded from soft mud substrata where there may be
substantial resuspension of particulates (Rhoads and Young, 1970). Members
of the Anadarinae lack well-developed siphons. Openings of the inhalant and
exhalant streams, formed from folds in the posterior mantle edge, lie flush

with the posterior margin of the shell and do not extend beyond it. As a

result, most species do not burrow into the mud to any depth.

Many of the anadarinids, however, appear to have become adapted to
exploit the niche of filter feeder. They can cope with high concentrations of
suspended solids as recorded by Broom (1982b) for A. granosa and Lim
(1966) for three other species of Anadara. Lim (1966) compared the ciliary
currents in A. antiquata, A. anomala and A. cuneata which live in
environments where they experience markedly different concentrations of
suspended solids. A. antiquata inhabits rocky areas, A. anomala occurs in
sandy substrates, whilst 4. cuneata establishes deep burrows in relatively
firm mud. Lim (1966) found that the labial palps of A. antiquata have 40
transverse folds, those of A. anomala 43, those of A. cuneata 150. The order
of complexity of their labial palps was A. antiguata<d. anomala<A.
granosa<A. cuneata, suggesting that this was probably due to differences 1n
the environment occupied by these four species with 4. cuneata having to
deal with the heaviest load of suspended material. Furthermore, it was also
- noted that in both A. cuneata and A. granosa there is a strong ciliary current

carrying particles collected from the outer surface of the labial palps onto the
inner surface of the distal portion of the palps. This was not present in either

A. anomala and A. antiquata
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Yoloye (1975), working on A. senilis reported ciliary currents similar to
those found by Lim (1966). Strong ciliary currents on the visceral mass, foot,
and mantle, removed silt and sand from the mantle cavity and prevented
clogging of the gills. It was also noted that 4. senilis possesses particularly
well-developed labial palps of considerable length (4mm) and that these play
a major role in sorting large quantities of particulates.

Several contributions concerning various aspects of the biology,
ecophysiology, biochemical properties, culture, as well as fisheries aspects
of A. granosa and A. antiquata have been published elsewhere (Pathansali
and Soong, 1958; Pathansali, 1963, 1964; Broom, 1980, 1981, 1982a.b,c,

1983b, c, 1985; Boonruang & Janekarn, 1983; Davenport & Wong, 1986;
Nair, 1986; Ng, 1986; Kayombo & Mainoya, 1987; Richardson, 1987; Patel
& Eapen, 1989a,b; Kasigwa & Mahika, 1991). However, almost none of
these studies relate to the populations in Indonesia waters, except for those by
Ismail (1971), Sudradjat (1978) for A. granosa and Kastoro (1978) for A.
antiquata respectively.

Considering that both of these species, but in particular 4. granosa, are
important economically as food and as potential biomonitors of coastal
water quality (Patel et al, 1985; Phillips & Muttarasin, 1985; Anwar et
al, 1990; Eapen & Patel 1989), as well as being ecologically dominant
members of many shallow water communities (Broom, 1983c), there is
clearly a need to study the ecological aspects of these species in Indonesian
waters. This study concentrates principally on the growth and reproductive
cycles of A. granosa which live mainly in muddy substrata and A. antiquata

which occurs predominantly in sandy sediments.
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The first chapter deals with general introduction of the anadarinids, in
particular A. granosa and A. antiquata. Chapter two describes site and
environmental characteristics of the three study sites, sampling technique
used during field work, population density, pattern of dispersion and
associated macrofauna in the blood clam beds. One species studied, A.
granosa is known to partially burrow in marginally subtidal to subtidal areas
in muddy substrata seaward of mangrove stands, whilst the other, A.
antiquata, is a poor burrower recorded in the intertidal sandy areas of coral
reef-associated habitats. Chapter three details the reproduction of the blood
clams A. granosa and A. antiquata through qualitative changes in histological
preparations of the reproductive tissues, quantitative measurement of sex
ratio, density and size of the oocytes, assessment of changes in the dry tissue
weight as well as condition index of these two blood clams, and briefly
describes pea crab parasitism on 4. antiquata;, besides providing evidence of
sequential protandric hermaphroditism. Chapter four is concerned with
allometric and absolute growth, the latter assessed from changes in monthly
population structure, and microgrowth patterns in particular of A. granosa.

Each aspect of the subject matter of this study is introduced and
discussed separately in the individual chapters and, a general discussion at
the end attempts to synthesise the information gained on the reproduction and
growth of these congeneric species, comparing and contrasting such patterns

In relation to the range of habitat studied.
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CHAPTER II

STUDY SITES AND ENVIRONMENTAL
CHARACTERISTICS

2.1. Introduction

Both A. granosa and A. antiquata appear to occupy areas with an
estuarine influence, but their preference of sediment grain size and position
in the shore are different. In general, the population attributes of shallow
water molluscan species can be related to many environmental factors,
including food supply, salinity, temperature, oxygen availability, water
movement and turbidity, substratum composition and physical stability of the
bottom, and concentration of chemical pollutants (Kinhe, 1970; Sindermann,
1979).

Estuaries are usually considered as difficult environments where
physical conditions fluctuate widely and are not rigidly predictable. The
temperature regimes within estuaries are often more variable than adjacent
waters due to their shallow nature which exposes the water to both heating
and cooling, and also due to the varied input of water at different

temperatures (McLusky, 1989). Besides the more saturated fresh water that
flows into estuaries, additional oxygen will be supplied through the water

surface and by plant photosynthesis - the turbidity of estuarine waters may
limit phytoplankton production by restricting light penetration. However, the
organisms living within estuaries, especially within the bottom deposits,

rapidly consume oxygen and thus many sediments may become anoxic,
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except for the very thin layer on the surface (Boaden & Seed, 1985). Where
excessive organic enrichment occurs, the multiplicity of microorganisms so

produced may also consume all the oxygen within the water body (Meadows
& Campbell, 1987).

In most estuaries there is a close relationship between salinity and
substratum type with reduced salinity associated with finer sediments. This
phenomenon occurs because clay particles (0.12-1.95um) tend to adhere to
each other. As 'salt flocculation' occurs particles will tend to fall faster, and
even a few parts per thousand of salt is sufficient to make suspended particles
cohesive (McLusky, 1989). This flocculation, which is a reversible
phenomenon, begins at about 4% salinity, is increased by high temperatures
and also by carbohydrates in solution, and decreased by the presence of

proteins (Meadows & Campbell, 1987).
Salinity determines the distance that a species is capable of penetrating

Into an estuary, but the full potential of any species which enters the estuary
can only express itself when suitable sediments are present. For example,

high turbidity which is associated with physically unstable fine grained

-sediments, is detrimental to suspension feeders as it enhances the real

problems of gill clogging and sediment removal, those taxa are therefore
excluded from such habitats (Rhoads and Young, 1970; Morton, 1983a). The

change from an aerated surface sediment layer to deeper anoxic layers takes
place closer to the surface in fine-grained muds than in coarse-grained sands.

This change serves to limit the macrofauna in estuarine sediments to species

which can form burrows or have other mechanisms to obtain their oxygen

from the overlying water.
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Belonging to the clam group in the fisheries statistics (FAO, 1991),
arkshells are among the most widely distributed and utilised marine shellfish
and their culture is second in antiquity only to that of oysters among aquatic
invertebrates (Bardach et al, 1972). Clam culture however, has never become
as widespread or highly developed as for instance oysters or penaeid shrimp.
This perhaps because clams are so abundant and easy to harvest in nature.

As a group, Anadara spp contribute a substantial amount to commercial
landings relative to other marine molluscs. In Indonesia, commercial catch on
Anadara spp which mainly consists of A. granosa, is second to that of
penaeid prawn, whereas common squid and jellyfishes were third and fourth
in importance. The nominal catches for A. granosa in Indonesian waters were
Increased from 30.289mt (metric tons) in 1986 to 35.150mt in 1991. Whilst

in the worldwide, squid, cuttlefish and octopuses were the highest marine

shellfish group landed (2560x103mt), the second was clams, cockles and
arkshells (1540x103mt), followed by mussels (1332x103mt) and oysters
(1007x103mt; FAO, 1991).

The populations of A. granosa in Malaysia which have been cultured
practically since 1948 and have been described by a number of authors are
well summarised in Broom (1985). Furthermore, Malaysia applied a strict
government regulation upon the legal marketable size of A. granosa as well
as the minimum size of spat collected for cultivation. This species which has
not been cultured extensively in Indonesia and yet the landings were
comparable to those from Malaysian waters (see FAO, 1991), has received a
little attention in regard of its basic ecology. The previous studies of Anadara
in Indonesia have been concerned more with their fisheries status (Ismail,

1971; Kastoro, 1978; Sudradjat, 1978).
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This chapter briefly describes the sampling techniques used during field
work, the population density and pattern of dispersion of the study
populations, notes pea crab infestation in A. antiquata and the associated
macrofauna within the Anadara community at the three study sites. Since the
distribution of sediments and salinity within estuaries, along with the
distribution of oxygen, temperature and phytoplankton availability are all
interdependent, this chapter also attempts to interpret the interrelationships
between these environmental variables and how these affect the populations
of both the species studied.

All the field work and some of the laboratory analyses of this study
were conducted in Indonesia. The climate of Central Java is equatorial with
small daily and seasonal temperature variations. The average daily air
temperature during the study period was about 32°C with a seasonal range of
4°C and a mean daily range of 3°C (Balai Pengawasan Tanaman Pertanian,
1993). Tides in the study areas are mixed semidiurnal but prevailing diurnal
pattern with spring tidesoccurring twice a month. The locations studied, 1.e.
Wedung, Tapak and Bandengan, are shown in Figure 1 with details of each
site in Figures 2, 3, 4 and Plates 1,2.3.

Whilst Wedung supports one of the biggest commercial fisheries for
Anadara granosa in Central Java, the natural population of 4. granosa in
Tapak is relatively undisturbed and commercially unexploited. At
Bandengan, local people harvest A. antiquata on a subsistence basis. For A.
granosa, each site was purposely selected in order that comparisons of the
environmental parameters studied could be made between disturbed

(Wedung) and relatively undisturbed (Tapak) populations. The third site at

Bandengan was chosen to allow a comparative study of the allometric
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Figure 1: A. Map of Indonesia and B. Map of Central Java
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relationships and reproductive cyclicity within this congener. These three

sites are relatively close to, and accessible, from Semarang (07°0S; 110°4'E)

where the base laboratory was located.

2.1.1. Brief descriptions of study sites

2.1.1.1. Wedung

The town of Wedung is located about 50 km north-east of Semarang (06°
45'S; 110°35'E), and a journey of at least 1.5 hours down the river Wulan at
high water in a motorised shallow-draft wooden boat 6 m long was needed to
reach the sampling site (Fig. 2, Plates 1A and C). The area is a semi-sheltered
water body within a large bay, with several large rivers (Tuntang, Wulan and
Serang) and many other smaller ones (Plate 1B) opening into the bay thus
resulting in considerable local deposits of mud and high turbidity. The site 1s
protected by a mud flat which formed in 1947 and has been widening ever
since. The bottom sediment is composed of fine mud and compared with
Tapak is relatively free from the small turret gastropod Cerithidea cingulata.
The area is surrounded by a dense mangrove swamp forest consisting mainly
of Avicennia marina and Rhizophora apiculata.

At Wedung, local fishermen have divided the collecting area for A.
granosa into two. The low intertidal and marginally subtidal areas are fished
manually, whilst the area nearer to the open sea requires the use of fishing
gear attached to a motorboat (Plate 1C). Collection of blood clams during
the period of this study mainly occurred from June to January but ceased in
July 1992 when the fishermen left to fish in another nearby area, Kendal.

Peak of clam collection took place during August-November. In September
1992 most of the fishermen again returned to Kendal to fish for Scapharca
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