
ABSTRACT
Mass transportation of live marine molluscs
are considered a necessity for marine mol-
lusc hatcheries because, in general, natural
beds and culture areas are often located in
remote places far away from hatcheries.
Suitable methods of transportation of live
broodstock to the hatcheries or hatchery-
produced seeds to culture sites must be ap-
plied to obtain high survival rates. Trans-
portation experiments were performed with
the giant clamTlidacna squamoso and the
abalone Haliotis asinina. Trials were done
both in experimental and real situations in
the field. Suitability of the methods is ex-
amined via the survival rates achieved. Ad-
ditional information on other species of ma-
rine molluscs is also included.

INTRODUCTION
Prachuap Khiri Khan Coastal Aquaculture
Development Center belongs to the Thai
Government, Department of Fisheries. It is
Iocated close to Prachuap Khiri Khan Bay
in the GuIf of Thailand. The major activity
is research on breeding and culture of ma-
rine molluscs. Seed produced from the hatch-
ery are shipped to remote areas. However,
high mortality during the transportation is
a serious problem. Mortality is also high
during transportation of broodstock from
natural sites.

Although we have gained some experience
over the years, there is alack of compara-
tive experiments that allow us to determine
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the safest way to transport marine molluscs
for long distances over land. We have not
been able to trace any literature on the sub-
ject. Hence we decided to study survival fol-
Iowing transportation of the giant clam
(Tfidacna squamosa) and donkeys'ear aba-
Ione (Haliotis asinina) in detail. We produce
about 100,000juvenile giant clam per year
in order to restock areas, which have been
overfished by local frshermen (Nugranad ef
al. L977; Poomtonget al.1977). Giant clams
with shell lengths between 4 and 8 cm are
considered a convenient size for ocean-nurs-
eries. About 30,000 abalone seed (1 cm
length) are also distributed each month to
develop farming techniques in other places.

We have also moved broodstock of other
marine molluscs to the hatcheryin 500-1000
litre containers. Transportation require-
ments depend on the species involved. Some
can tolerate exposure to the air for a long
time, but others could not. Transportation
techniques for each of these marine molluscs
are reviewed.

MATERIALS AND METHODS

Giant clam
Survival of juvenile giant clam (4.1-8.5 cm
shell length) was tested for t2 and 24 hrs.

First trial. - Juvenile clams were wrapped
with moistened cotton towels. Clam were
dislodged from the substratum by a sharp
knife and put into a Styrofoam box (40 x 55
x 25.5 cm). Wrapped clams were placed in
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parallel. Larger clams were placed on the
bottom and smaller clams above. Ice-bags
were placed at two corners of the box to re-
duce temperature to 24 "C. The lid of the
box was sealed tightly during transporta-
tion. Totals of 200 and 500 juvenile clams
were tested for 12 and,24 hrs each. Clains
were determined dead if there was no re-
sponse and./or the shell was gaping.

Second trial. - Clams were wrapped indi-
vidually with moistened handkerchiefs. One
hundred clams (8.6-14.5 cm shell length)
were tested for 12 and 24 hrs. Both trials
comprised 3 replicates each. The SYSTAT
program under Complete Randomized De-
sign (CRD) was used for statistical analysis
ofthe trials.

Abalone
Batches offive hundred abalone seed (1 cm
shell length) were put in 4litre plastic bags
and subjected to three conditions referred
to as T1, T2, and T3.

In T1, bags were filled with clean seawater
and oxygen.InT2,bags were filled onlywith
oxygen (no seawater), and in T3, the abalo-
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12 hrs
Clam size -To" 1 --b;iT
(cm) 200 ind. 500 ind.

nes were wrapped in moistened handker-
chiefs (air, but no oxygen in the bag). Each
bag was tied with rubber bands to prevent
leakage ofoxygen.

AII treatments were put in Styrofoam
boxes (40 x 55 x 25,5 cm).A temperature of
2I "C was maintained by using ice bags
placed in each corner ofthe box. The boxes
were sealed and kept in a shaded area. Sur-
vival was determined afler 12 hrs and
checked again after 24 hrs. Dead abalone
detached from the substrate and no move-
ment was detectable. There were 3 replicates
in this experiment. Statistical analysis was
performed with the SYSTAT program un-
der Randomly Complete Block Design
(RCBD)

RESULTS

Giant ciam
First trial. - Tablel shows the result of the
first trial. After 12 hrs transportation, mor-
tality of clams was low, only I-2 7o inbox I
(25 'C) and box 2 (26.5 "C). Small clams were
Iess tolerant than larger clam. The mortal-

24hts
box 3 box 4

200 ind. 500 ind.

adad ad ad

12 16

64 54

93 80

67 4I
46 20

95
4-
1-

296 208

58Vo

Table 1. Number of live and dead clams at various size after
transportation 12 and 24 hours covered with cotton towel. a = live
clam,d=deadclam

4.6-5.0

5.1-5.5

5.6-6.0

6.1-6.5

6.6-7.0

7.L-7.5

7.6-8.0

8.1-8.5

total

survival

81
46 1

71 1

42 1

t7
12

196 4

98Vo

496 4

997o

6

35

52

40

26

9

2

1

171

84Vo

17

106

166

It7
67

27

2

2

1

1

1

9

8

10

2

1

32
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Table 2. Number ofdead clam at indicated size in each
stylofoam box. Transportation: specimens
individually wrapped in cotton handkerchieffor 12 or
24 hrs. Each box contained 100 individuals.

12 hrs 24}rrs

ity in the box with 200 clams did not differ
noticeably from the box with 500 clams. Af-
ter 24 hrs transportation, clams in box 4 died
at a higher rate (42 Vo) than in box 3 (16 7o).

In this case temperatures were identical in
the boxes (28.5 'C). Most dead clams were
in the size range 4.6-7 .5 cm length. High and
Iow packing density had an effect during the
longer transportation period. Longer
transportation also caused mortality among
the larger clams (6.6-7.5 cm). Obviously
mortality increased as a function of time
spent in the boxes, and this was not depend-
ent on density ofpacking. Aftet 24 hrs the
clams'mantle became pale and the response
to touch was sluggish. These exhausted
clams required much longer time for recov-
ery than those from shorter transportation
period did. Wrapping of clams in moistened
cotton wool could not produce good results
when the transportation period is more than
12 hours.

Second triq.I. - After 12 hrs the number of
dead clams in the 3 replicates was not dif-

Clam
size

box
(cm)

I
box box box box box

231.23

8.6-9.9 111-
9.1-9.5 1121-1
9.6-10.0 13-1
10.1-10.5527374
10.6-11.046-334
11.1-11.5632431
11.6-12.0323-47
r2.1-t2.5-132-1
12.6-13.0-4-11-
13.1-13.5 1-1-
13.6-14.0 - 1

L4.r-I4.5-1-1
Dead
in total 20 20 19 19 19 20

Table 3. Number of dead abalone after transportation in plastic bags. Three treatments
Tl , T2, and T3, each with 3 replicates. C1 = frst obsewation aft'er 12 hrs. C2 = second

observation afl,er 24 hrs.

T1:
Bag with sea

water and
oxygen filled

T2 T3:
Bag without Specimens

water but wrapped in
oxygen frlled moistened

cotton towel

Dead per replicate (ind.)

Cl: dead ind. after 12 hrs
C2: additional dead ind.
after 24 hrs

C1: dead ind. after 12 hrs
C2: additional dead ind.
after 24hrs
Dead in total

Dead. Total per treatment (ind.)

0,2,L

5,2,4

1,0,37

0,7,5

448,400,455

4,23,L5

3

t1

38

L2

50

1303

42

t345I4

Survival (7o) 99.0 96.8 10.4
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ferent. Average temperature in 3 boxes was
29.5 "C. Most dead clams had shell lengths
ranging from 10.1-12.0 cm. The larger clams
(13.1-14.5 cm) could survive better than
smaller clams. The average mortality was
around 2OVo and, the live clams looked
healthier than clams transferred during the
first trial.

After 24 hrs, the number of dead clams
was not different. Average temperature in
the 3 boxes was 30.0 oC. Most dead clams
had shell lengths ranging from 9.1-14.5 cm
(Table 2). Longer transportation affected
clams in almost all shell length groups. The
average mortality was around 797o andsta-
tistically not different from12 hrs. However,
Iive clams looked unhealthy and took longer
time to recover than those from shorter
transportation period. Wrapping clams in-
dividually with moistened handkerchief
gave the best result.

Abalone
After 12 hrs transportation, good results
were obtained with treatment T1 (Table 3).
Few abalones had died after 24 hrs. Tem-
peratures in box L,box2 and box 3were24.5,
26.0, and 25.5 "C respectively. The number
of dead abalone was higher in T2 but not
statistically different from T1. However,
abalones looked more unhealthy and ex-
hausted than in T1. Highest number of dead
abalone was encountered in T3. Most aba-
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shell length
(cm)

lones were not moving after 12 hrs trans-
portation. They secreted much mucous
around the body and looked very unhealthy.
More abalones were dead after 24 hrs and
all of them seemed going to die later. Trans-
portation by wrapping abalone with moist
cotton handkerchief was not acceptable (T3
in Table 3).

Other marine molluscs
Pearl oysterc (Pinctada maxima (SL 15-28
cm),P. margaritifero (SL 10-17 cm)P. fucata
(SL 6-8 cm), and Pteria penguin (SL 12-15
cm) were bought from private farms in the
eastern and southern parts ofThailand. It
took 4-8 hrs to transport these molluscs from
the farms to the hatchery. Both wet and
moist types of transportation were tried.
Fouling on the shell had to be removed when
shells were transported" by the wet method.
Cleaned pearl oysters were put in frltered
and aerated seawater.Temperature was con-
trolled at 22-24 "C with ice bags. Transpor-
tation should take place during nighttime.
Otherwise, the vehicle should have roof or
shade. The density per 1,000litre container
was 30-50 pcs. of P. maxima and 100-200
pcs. of P. margaritifero. The survival rate of
pearl oyster by this method exceeded 90%.

P. fucata (300-500 pcs.), Pteria penguin(7 0-
100 pcs.tand other pearl oysters could be
transported in 1,000 litre containers with a
survival rate exceeding90%o. When the dis-

Table 4. Survial of transportation of marine molluscs in 1,000 liters containers. Species, method
of keeping moisture, shell length, density, transportation period, and surwival.

Species Method No. of Period Survival
specimens (hrs) (Vo)

Pinctada maxima

P. magaritifera

P. fucata

wet

wet
moistened

15-28 30-50 8 98

Pteria penguin moistened

Crassostrea belcheri moistened

C. lugubris moistened

Tridacna squan'Losa moistened

Haliotis asinina moistened

100-200 8 98

300-500 4 95

70-100 8 95

100-200 12 100

250-300 12 100

6-8 6 98

100-150 8 98

10-17

6-8

T2-L5

t2-L5
8-10

20-25

8-10
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tance from farm or natural bed to hatchery
was short, the moist method was more con-
venient but low temperature, moistened
wool and shading must be provided during
the transportation.

Edible oyster Crassostreabelcheri (SL 12-
15 cm), C. lugubris (SL 8-10 cm), and
Saccostreq. commercialis (SL 5-8 cm) were
transported by the moist method. Oysters
were put in sacks or containers. Low tem-
perature, good ventilation, moistened wool,
and shading should be provided during
transportation periods around 12 hrs.

Oyster spat has also been transported by
the moist method but spat should be
wrapped with moistened cotton wool. Den-
sity per 1,000 litre containers for C. belcheri,
C.lugubris, and S. commercialis) were 100-
200, 250-300, and 500 pcs. respectively. The
surwival rate of oyster by this method ex-
ceeded,90Vo.

Scallops (Amusium pleuronectes and
Chlarnys senatorius (SL 7-12 cm)) were col-
lected in nature. Transportation period was
around 8-10 hrs. A. pleuronecfes could only
be transported in seawater while C.
senatorius also could be transported moist.
Density of A. pleuronectes was 100-200 and
C. senatorius 400-500 pcs. per 1,000 litre
container.

Low temperature and shading was pro-
vided as for other bivalves. The survival rate
of scallop exceeded 607o.

Turban snail (Tfu.rbo n'Larmoratus (15-18
cm)) and babylon snail (Babylonia areolata
(5-B cm)) were mostly collected in nature.
Transportation time was around 8 hrs, both
by wet and moist methods. Generally, 7.
marmoratus was transported wet and B.
areolata moist. Density T, rnarmoralus was
15-20 and B. areolq.ta 400-500 pcs per 1,000
litre container. The survival rate was about
907o.

DISCUSSION
Giant clam, - Younger clams are normally
attached to the substratum and must be de-
tached with a sharp knife or blade, but this

may cause wounds, which again could af-
fect mortality during transportation. Clams
are easily dehydrated when transported over
longer distances by the moist method. This
method, although more practical than the
wet method, could only be adopted when
time of transportation was short. Survey and
planning of the route of transportation
should be done to decide'when and where"
it would be feasible to stop to check the con-
dition of the molluscs.

Abolone. - Abalones should be starved a
day in advance to eliminate faeces and other
waste. The best way to transport abalone
was to keep them in seawater in a plastic
bag with added oxygen. Transport by this
method requires space and it is much
heavier than other methods, which may be
of concern, when abalone culture has
reached a commercial scale. Like with gi-
ant clams it is necessary to detach abalone
from the substrate, which may inflict inju-
ries. It is posible that detaching the abalone
caused mortality in all three teatments (Ta-
ble 3). The dead abalones in T2 were prob-
ably exposed to the air for too long time caus-
ing dehydration. However, this method is
cheaper and works well over short distan0es.
Abalone in T3 died from lack of oxygen. This
method would presumably have been effec-
tive ifoxygen had been added.

Other marine molluscs. - Transportation
of pearl oyster was difficult in case of a long
journey. Most of the dead pearl oysters ap-
peared to have died from pressure ofweight
so it is important not to pack them too tight.
Edible oysters were the most easily trans-
ported. They are very tolerant to dry condi-
tions. They survived up to 3 days without
seawater.

Amusium pleuronectes. - This scallop re-
quired much space and oxygen. They have
brittle shells so moving around in the con-
tainer often caused broken shells and inju-
ries. Low temperature was a simple way to
reduce their activities.

Turban and babylon snails. - They possess
opercula, which can be closed and thereby
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reduce risk of desiccation, bat Babylonia
areolata had a tendency to crawl upwards
and expose the soft body. This behavior
caused dehydration.
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ABSTRACT
Extracts prepared from the various parts of
the cephalopods, Octopus uulgaris, Loligo
duuaucelii and, Sepia pharaonis were tested
against nine human pathogens for antibac-
terial activity. The aqueous ink extracts from
Loligo duuaucelii and Sepia pharaonis ex-
hibited broad antibacterial activity against
all nine human pathogens tested. The pos-
terior salivary gland extract of Octopus uul-
goris showed highest activity against Pro-
teus mirabilis and similar activity was ob-
served for aqueous ink extract fuom Sepia
pharaonis against Proteus mirabilis and
that of Loligo duu aucelii against.Esc herichia
coli.

INTRODUCTION
The term biological activity refers to "a
change in the base-Iine function of an organ-
ism (or) part of an organism brought about
by the administration of a test substance"
(WHO 1993). During the past decade, there
has been a boom in natural product's re-
search from marine source. Scientists
around the world have discovered novel bio-
active compounds from both macro and mi-
cro organisms. Molluscs, which are widely
distributed throughout the world have many
representatives in the marine and estuarine
ecosystem. But only a moderate number of
studies have so far been published on the
antimicrobial activity in molluscs. In gas-
tropods, Iloliotis rufescezs (abalon e), Tegula
gallina (sea snail) and Strornbus gigas
(queen conch) were studied for the antimi-
crobial activity against bacteria as well as
virus (Prescott & Li 1966). The Spanish
dancer, a nudibranch in which the egg cap-
sule substance was found to inhibit micro-
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bial growbh (Pawlik 1992). Prem Anand e/
al. 7997) studied the antibacterial activity
in the gastropod Chicoreus uirgineus,
Rapana rapiformis (egg capsule) which
showed highest activity against the human
pathogens. The haemolymph ofthe bivalves
Mytilus galloprouincialis, Ostrea edulis and
Crassostrea gigos inhibit bacterial growth
(Hubert et al.1996). In India, collaborative
work with a Russian team showed that ma-
rine mussels were a very good source of an-
tiviral drugs (The Hindu 1999).

Among molluscs, the class Cephalopoda
has been little studied compared to the other
classes. However, cephalopods are of special
interest to biotoxicologists because most of
them possess a well-developed venom appa-
ratus involving the salivary glands. The
cuttle fish ink of Sepioteuthis lessoniana
showed antiseptic effect on Staphylococbus
aureus (Mochizuki 1979).An antitumor com-
pound was isolated from the squid ink.Illeru
argerutinus by Takaya et aI. (1994).

The present study has been taken up to
assess the antibacterial properttes of Octo-
pus uulgaris, Loligo duuaucelii and Sepia
pharaonis.

MATERIALS AND METHODS
Specimens of three species of cephalopods
were collected offCuddalore coast, southeast
coast of India and were screened for anti-
bacterial activity. The species screened were
(i) Octopus uulgaris (Posterior salivary
gland) (11) Loligo duuaucelii (posterior sali-
vary gland and ink) (i11) Sepia pharaonis
(posterior salivary gland, ink and internal
shell)

The posterior salivary glands of Octopus
uulgaris, Loligo duuaucelii and Sepia
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pharaonis were dissected out. The crude
extracts were prepared by homogenizing the
sample with 0.9Vo saline solution and sub-
sequent filtration through Whatman No:1
filter paper. This filtrate was kept at -4 'C
for antibacterial assay.

Ink was collected from both Loligo
duuaucelli and, Sepia pharaonis. The extrac-
tion was carried out following the method of
Mochizuki (1979) with some modifications
which are summarized in Fig. 1. Prior to
extraction, cephalopod ink was dissolved in
0.1N NaOH and the pH was adjusted to 4.0
wit}i'}.5%o HCI and the pH was raised to 12
suddenly wilh tOVo NaOH. The samples
were filtered through Whatman No:1 frlter
paper and the pH of the filtrate was adjusted
to 7.0 with 3.57o HCl. These extracts were
vaccum dried at 50 "C. Methanol extracts

Fig. 1. Scheme ofextraction ofantibacterial sub-
stance from cephalopod ink.

Cephalopod ink
I

Dissolve in 0.1N NaoH
I

Adjust pH to 4.0 with 3.\VoHCI

I

Raise pH to 12 with107o NaOH
I

Filtration

Filtrate

I

Adjust pH to 7.0 with 3.5VoHCl

I
Vaccum drv at 50 'C

I

Extraction with methanol

I
Water bath at 50'C

I
Vaccum dried at 50 "C

I
Adjust pH to 7.0 wilh 3.5qa HCI

I
Extraction with methanol

I

Water bath at 50 'C
I

Concentrate (Stored at -4'C)
I

Assay
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were obtained from the dried samples and
subsequently, the supernatant was sepa-
rated by centrifugation. The supernatant so-
Iutions thus obtained were pooled and left
for 2 hrs in water bath at 50 "C for evapora-
tion and the remaining residue was collected
and stored under -4 "C for antibacterial as-
say.

Sepia pharaonis's internal shell crude ex-
traction was obtained by following the
method of Okutani & Morikawa (1978) with
some modifications (Fig. 2). The air dried
internal shell of the cuttlefish was pulver-
ized and washed with acetone. The residue
was air dried and washed in hot water and
filtered. The powder was extracted with hot
10 mM EDTA solution and filtered through
Whatman No:1 filter paper. The saturated
Ba(OH)2 solution was added to the filtrate
and left overnight. The precipitate was col-
lected on a filter paper (Whatman No:1) and
washed with water. The precipitate was dis-
solved in 10 mM EDTA solution and filtered
through Whatman No:l filter paper. The fil-
trate was stored at -4 "C and used in the
present investigation as the crude extract.
The crude extracts were tested against nine
human pathogens, Salmonella typhi, Bacil-.
lus s ubtilis, Kleb siella pneumoniq,e, Staphy -

lococcus faecalis, Vibrio cholerae, Proteus
uulgaris, Proteus mirabilis, Shigella flexneri
and Escherichiq. coli. For antibacterial as-
say, the agar diffusion method was followed
(Prem Anan d et al. 1997). Simultaneous con-
trols were run along with test samples.

RESULTSAND DISCUSSION
The saline crude posterior salivary gland
extracts of Octopus uulgaris inhibited anti-
bacterial activity against Bacillus subtilis
(5 mm) andStaphylococcus faecalls (10 mm).
Significant activity against Proteus
mirabilis (19 mm) was observed. But activ-
ity against both Salmonella typhi and Vi-
brio cholerae was less and there was no ac-
tivity against the other four pathogens
tested namely, Klebsiella pneumoniae, Pro-
teus uulgaris, Shigella flexneri and ,Es-
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Fig. 2. Schematic diagram of extraction of anti-
bacterial substance from internal shell ofcuttle
frsh

Internal shell ofcuttle fish

I

Dry in air
I

Pulverization
I

Wash with acetone
I

Filtration

Residue Filtrate
I

Dry in air
I

Hot water
I

Filtration

Filtrate Residue
I

Hot 10 mM EDTA
I

Filtration
l-1
Filtrate Residue

I

Ba(OH),
I

Filtration

Filtrate Residue
I

Wash with water
I

Disabled in hot 10 mM EDTA

Filtratiln
I

Filtrate (stored at -4'C)
I

Assay

cherichia coli (TabIe L).
The saline (PSG) extracts of Loligo

duuaucelii exhibited antibacterial activity
against all pathogens except Escherichia
coll. Significant activity was observed
against Kleb siella pneunxoniae ( 12mm) and
Proteus mirabilis (8mm) (Table 1).

The saline (PSG) extracts from Sepia
pharaonis showed negative result against
Escherichio coli and showed significant ac-
tivity againstbothProteus ualgaris (11 mm)
andProteus mirabilis (11 mm) (Table 1).

In poisonous cephalopods aII bacteriologi-
cal tests against human pathogens includ-
ing Clostridiurn botulinum and C. perfrin-
g,ens, proved to be negative (Kawabataet al.
7957). But, in this study posterior salivary
gland extracts of Octopus uulgaris, Loligo
duuaucelii and Sepia phara- ozzls exhibited
a broad spectral activity against eight bac-
terial pathogens (Table 1).

In general, the crude ink extracts ofboth
Loligo duuaucelii and Sepia pharaonis ex-
hibited activity against aII nine pathogens.
More significant activitywas noticed against
Proteus mirabilis (21 mm). The Loligo
duuaucelii ink extract showed significant
activity against Klebsiella pneumoniae (13
mm), Vibrio cholerae (13 mm) and ,&s-
cherichia coli (14 mm). The cuttlefish ink of
Sepioteuthis lessoniano showed antiseptic
effect on S/op hylococcus aureus (Mochizuki,
1979).An antitumor compound was isolated
from the squid ink of lllex argentinus by
Takaya et al. (1994). In the present study,
the ink extract of boLhLoligo duuq.ucelii and
Sepia pharaonis exhibited broad spectral
activity against all 9 bacterial pathogens
(Table 1).

The internal shell extract of Sepia
Pharaonis exhibited activity against all
pathogens except two strains, Bacillus
subtilis and Escherichia col. Signifrcant ac-
tivity was observed against Proteus
mirabilis (13 mm) and Shigella flexrueri (10
mm). Simultaneous controls for all extracts
showed negative results. The internal shell
extract of Sepia pharaonis exhibited activ-
ity against seven pathogens (Table 1). An
antitumor substance was obtained from the
internal shell of squid (Okutani 1976).

In this study, a wide spectral antibacte-
rial activity has been recorded in almost all
the extracts, which is signifrcant and showed
promising trends. The results of the present
study revealed the broad spectral antibac-
terial activity of cephalopod crude extracts
and further investigation to isolate and char-
acterize the active compounds would cer-
tainly introduce new potential drugs to coun-
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Table 1. Antibacterial activity of different extraction of the cephalopods

Name of pathogens Extracts (Inhibition zone diameter (mm))

Posterior salivary gland

Octopus Loligo Sepia
uulgaris duuaucelii pharaonis

Ink

Loligo Sepia
duuaucelii pharaonis

Internal
shell
Sepia

pharaonis

Salmonella typhi

Bacillus subtilis
Kebsiella pneurnoniae

S t aphy loco ccus faec alis
Vibrio cholerae

Proteus uulgaris

Proteus mirabilis
Shigella flexneri
Escherichia coli

Trace 6 . 5

577
-L25
10 Trace Trace

Trace Trace Trace

-511
19811
- 5 Trace

87
9 Trace

136
87
13 Trace

5

9

9

Trace

13

10

ter the deadly pathogens.
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ABSTRACT
Flakes are traditionally prepared in India
using pulse and cereal flour. Chicoreus
raftLosus and Pleuroploca trapezium meat,
powder were incorporated with the tradi-
tional flakes to increase the nutritive value.
Flakes prepared usingC.ramosus meat have
more appealing organoleptic characters than
the flakes withP. trapezium.Flakes contain-
ing a combination of corn and C. r&rrlosus
are the best and aII products have better
storage life.

INTRODUCTION
Marine molluscs, such as bivalves, gastro-
pods and cephalopods form important frsh-
ery resources next to crustaceans. However,
molluscs are not popular food in India due
to lack of awareness combined with the con-
ventional vegetarian food habit of Indian
people. Meat from molluscs is rich in pro-
tein and they can be an inexpensive source
of nutrition.As direct consumption of
molluscan meat may not appeal to the pub-
lic, the incorporation of dried molluscan
meat into cereal and pulse flakes was
thought to be more acceptable. Flakes are a
popular form ofsnack and have long been a
part of diets in developing and developed
countries (Ekvall & Vallo 1983, Siegel &
Linback 1976). In India, preparation of
flakes is a routine practice at home using
rice, cereal and pulse flour. Normally the
quality of flakes is judged from its texture
and expanded volume and these two prop-
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erties mainly depend on the raw material
used. The study aims to determine how pro-
tein-rich gastropod meat can be incorporated
with raw materials of common flakes such
as rice, corn and tapioca. The quality ofre-
sulting flakes was assessed by their suscep-
tibility to bacterial contamination, fryrng
characteristics and organoleptic characters.

MATERIALS AND METHODS
Chicoreus ramosus and Pleuroploca trape-
zium were purchased from fishermen and
brought to the laboratory in an ice box. The
two types of meat were kept overnight"in
ice to remove mucus and pigments in the
foot region. After cleaning the meat, it was
washed thoroughly and cut into small pieces.
Then it was deodorised by the method of Sen
and Rao (1966). The deodorised meat was
drained and dried in hot air oven at 50-55
'C. The well dried meat was ground and the
fine powder used for preparation offlakes.

Preparation offlakes
The meat powder and starches were mixed
and spices (black pepper powder and salt)
were added. The resultant mixture was
mixed with 200 mI water and rested for a
period of half an hour. The mixture was
brought to boil and stirred continuously to
avoid caking. When the mixture became
thick and gelatinised it was removed from
the frre and allowed to cool. After the mix-
ture was thoroughly cooled, amounts of one
tea spoon were poured onto greased
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aluminum foil and sun dried. Thewell dried
flakes were kept in air tight containers for
further analysis.

B acterio lo g ic aI ex amination
The Total Heterotropic Bacteria (THB) and
Vibrio were enumerated immediately aftbr
preparation of the flakes and after 4 months
ofstorage by using standard pour plate tech-
nique and Zobell's 22l6Mafine agar. Serial
dilutions of the samples were prepared us-
ing sterile 507o sea water. One ml of the di-
luted samples were pour plated in Zobell's
agar and V.P. medium in triplicates. Inocu-
lated plates were incubated for 48 hrs at
room temperature ( 27 "C). The THB was
expressed as Colony Forming Units (CFU)
per gTam.

O rg anole ptic eu alu atio n
The organoleptic characters ofthe products
were assessed by 10 panelists at 30 day in-
tervals throughout the storage period. The
panellist were asked to rate the colour, odour
and crispness ofthe products on a scale from
0 to 10, where 0 is disgusting and 10 very
tasty.

Frying characteristics
The flakes were fried in refined sunflower
oil and the frying characteristics were meas-
ured. The increase in volume due to frying
was measured and calculated as percentage

Tlopical Marine Mollusc Programrne (TMMP)

increase. The colour of the flakes was also
observed.

E quilibrium Relatiu e Humidity
The storage characteristics of the flakes
were studied by the equilibrium relative
humidity as described by Iyenger & Sen
(1965). The flakes were powdered and lots
of 5 g were placed in Petri dishes and ex-
posed to different relative humidities ob-
tained by placing saturated solutions ofdif-
ferent salt solutions such as lithium chlo-
fide (L2.0Vo RH), potassium acetate (22.57o
RH), potassium carbonate(43.7Vo RH), am-
monium nitrate (63.5Vo RH) and sodium
chloride (75.87o RH) in desiccators. The
weight of the sample was periodically
checked until equilibrium moisture contents
were attained.

RESULTS ENO dTSCUSSION
To frnd the best combination of meat pow-
der and starch, flakes were prepared with
different types of meat and starch (Table 1).
The final product was assessed by organolep-
tic characters. Flakes prepared using higher
proportions of meat had predominant unac-
ceptable flavor and low expansion. Based on'
trial studies the ratio of meat to starch was
1:2 (selected because of the organoleptic
character). In comparison the ratio of fish
meal to starch was 1:1 when Venugopalan
& Govindan (1967) and Shojaei (1998) pre-
pared wafers and crackers respectively.

Table 1. F",ong characters ofthe flakes

Meat used Starch
used

Weight of
the unfried
flakes (g)

Increase in
weight during

tuyng(7o)

Colour on Overall
fryrng quality

C. ramosus

F. trapezium

Corn
Tapioca

Rice

Corn
Tapioca

Rice

5
5
5

5
5
5

t54
110
r29

131
105
126

Cream Good
Deep brown Fair
PaIe brown Fair

Deep brown Fair
Deep brown Fair
Deep brown Fair
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Table 2. Organoleptic characters offried flakes

Characters C. rarnosus F. trapezium
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Colour
Taste
Crispness

Frying characters
The frying characteristics of the flakes were
given in Table 1. From the table it is clear
that extent of expansion was least in flakes
with tapioca for both C. ramosus and P tra-
pezium flakes. Maximum expansion was
observed in flakes with corn for both types
of meat followed by rice. In general, all the
products prepared with C. ramosus meat
had better expansion than products of P. tra-
pezium meat and this may be due to the
physical property of the meat. The colour of
fried P. trapezium flakes was brown and not
appealing, while the C. rq,mosus flakes with
corn were cream in colour and the overall
quality was good.

O rg anoleptic p rop ertie s

The data on organoleptic properties of all
the flakes are presented in Table 2. The col-
our of the P trapezium flakes was poor and
it may be due to the colour of the meat it-
self. Normally the P. trapezium (especially
the foot) is red in colour and it persist even
after cleaning and drying of the meat. The
flakes prepared with this meat were also
slightly red in colour and due to this the fried
flakes became darkbrown and unappealing.

Table 3. Microbial Characters of Flakes

corn tapioca rice corn tapioca rice

8.9 6.2 7.3 5.4 5.8 5.4
8.8 7.0 8.2 6.6 5.6 6.3

8.9 7.3 7.8 7.6 3.4 5.7

Bacteria

x 10i (CFU g"1) .776 .483

Thankamma et al. (1985) prepared wafers
using red meat of tuna and found them un-
suitable for wafers due to both colour and
taste. Venugopalaan & Govindan (1967)
used corn, tapioca, wheat and black-gram
and observed corn starch as the best one for
preparation of fish flakes while Shojae
(1998) observed tapioca as the best one for
kilka crackers. It is evident that the physi-
cal property of the rziw materials can alter
the the organoleptic characters for different
species offishes and gastropods.

B act e riolo gic al examination
The data on bacterial population are shown
in Table 3. The Total Heterotropic Bacterial
(THB) was high immediately after prepara-
tion in all the flakes and after 4 month3 of
storage at room temperature it decreased
slightly. This can be attributed to the
gradual destruction of the organisms due to
the unfavorable low moisture levels in the
product. Pathogens were absent in all the
products.

E quilib riu m Re I at iu e H umidity
Equilibrium moisture content of aII the
flakes was attained within 5 days. The equi-

P. trapezium flakes

corn tapioca rice

Storage
(days)

0

t20
0

THB

THB

.731

.204

Nil

.736

.136

Nil

C. ramosus flakes

corn tapioca rice

x 10r (CFU g-1) .252

Vibrio Nil
.103

Nit

.637 .631

.211 .209

NiI NiI
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librium moisture content of all the products
exhibited a rise from 40Vo Relative Humid-
ity (RH) . Beyond 6OVoRHthe rise was very
steep. From this it is clear that the product
was hygroscopic and it should be packed in
moisture vapor proof packaging material to
increase the shelf-life. Samples exposed to
92VoRH showed growbh of mold after 7 days.

Shelf-life
The flakes kept in sealed polythene bags
were found to remain in good condition for
several months. All the products had the
same extent of swelling and crispness on
fryrng as freshly prepared material. No ran-
cidity was noticed throughout the storage
period.
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I.]LTN.AVIOLET.ASSISTED PSP TO)UN AND MICROBIAL DEPI]RA TION
OF PENITAWRIDIS .

Azantza, Rhodora V., Maria Patricia Y. Azanza & Arlynn I. Gedaria

Marine Science Institute, Uniuersity. of the Philippines, 7707 Diliman, Quezon City
and, Department of Food Science and Nutrition, College of Horne Economics, Uniuersity

of the Philippines, 1101 Diliman, Quezon City

Perna uiridis (gteen mussels) contaminated with Pyro dinium bahamense var. conxpressunx
in the laboratory and in the field during the organism's toxic bloom in a commercial site in
Limay, Bataan, Philippines, were depurated using a laboratory scale set-up equipped with
an ultraviolet (UV) water disinfection system. The effects of seawater salinities (25,30 and
35 ppt) and temperatures (25' and 30" C) on the depuration of green mussels from Para-
lybic Shellfrsh Poisoning (PSP) toxins and other indicator microorganisms of public health
significance were monitored for a period of 72}:' continuous purifrcation. The IIV depura-
tion protocol applied to the mussels effected significant decreases in total plate, coliform
and Escherichia coli counts ranging from 84.2-94.6,85.6-97.4 and 79.8-87.\Va respectively.
Percent decrease of PSP toxicity in depurated green mussels, using standard mouse bioassay,
ranged from 3.0-38 .0 Vo dt:ring the test depuration period. Analysis of relative anatomical
distribution of PSP toxin burden in both naturally contaminated and depurated green
mussels indicated the following trend: adductor muscle > digestive tissues and gonad >
gills and mantle > foot.

BROODST OCK NUTRITION OF ABALONE , HALIOTIS AS/NIAIA ,

LINNE: EFFECTS OF DIET ON REPRODUCTTVE PERT'OR}IANCE

Bautista-Teruel, Myrna, Oseni M. Millamena & Armando Fermin

Aquaculture Department, S outheast Asian Fisheries Deu elopment C enter
Tigbauan, Iloilo 502 1, Philippines

Experiments were conducted to determine the effects of various diets on the reproductive
performance of female donkey's ear abalone. Dietary treatments consisted of natural food
(seaweed), Dl; formulated diet, D2; combination of natural food and formulated diet, D3.
Hatchery-bred abalone broodstock with initial body weight of 30-459 were stocked indi
vidually with 1 male abalone in24,60-ltanks with 8 replications and cultured for a period
of 273 days. Spawning was monitored daily. Broodstock response in terms of number of
spawning, hatching, fecundity, and egg fertilisation rate was enhanced in females fed the
mixed diet, D3. Survival and final body weight of broodstock abalone for aII treatments
were not significantly different from each other (P<0.05). Results further showed that fe-
males fed D3 gave higher numerical values in reproductive performance compared to the
other 2 diets. Satisfactory results that were obtained from the reproductive performance of
abalone broodstock fed D3 were attributed to the combined effects of nutrients which are

essential for reproduction in the combined diets. The use of formulated diet in combination
with natural food is necessary to enhance reproductive performance in broodstock aba-
lone.



262 Tlopical Marine Mollusc Programrne (TMMP)

GENETIC TOOLS FOR ASSESSING DIVERSITY : PATTERNS OF GE.
NETIC VARIATION IN MARII\E ORGAI\ISMS

Benzie,John A. H.
Australian Institute of Marine Science, PMB No 3, Townsville MC,

Queensland. 48 1 0, Australia.

The application of a variety of molecular methods to assay genetic variation in wild popu-
lations has provided the ability to distinguish morphologically cryptic species, and to de-
termine the evolutionary relationships between them. These methods have also allowed
the genetic architecture within species to be determined and this has revealed unexpected
structure in widespread marine organisms. Recent work in the Indo-Pacific has demon-
strated marked differences between Indian and Pacific Ocean populations, and some
differentiation between SE Asian and Australasian populations. Relatively little genetic
differentiation is seen over large regions which abut sharply with other such regions, sug-
gesting that genetic structure reflect rapid dispersal associated with range expansion from
a number of refugia. However, gene flow between such groups appears to be restricted, and
contrary to traditional views there is no association ofpatterns ofgene flow with present
day ocean currents - and far less extensive dispersal than previously thought. These find-
ings demand a reconsideration of the major factors influencing the evolution of marine
species in the region, and are of importance in present-day management of wild resources.
The ability to detect these patterns varies with the analytical approach used, and the
importance of using a variety of approaches to assist interpretation is illustrated.

EFFECTS OF INCREASED TEMPERATURE AI{D COPPER E)GOSI]RE
ONPITYSIOLOGICALPERJ'ORNIANCES AND SEDIMENTREMOV AL

OF THE GIANT CI,AM TRIDACNA SQUAMOSA

Blidberg, E., T. Elfwing P. Plantman, M. Tedengren & E. Wijnbladh
Department of Systems Ecology,, Stochholm Uruiuersity, Stockholm, Sweden

The Gulf of Thailand is only one of numerous areas where extensive coral bleaching have
been reported in 1998. The widespread phenomena have primarily been explained with
increased water temperature stress due to El Niflo. As weII as corals giant clams also
maintain a symbiotic relationship with photosynthesising microalgae (zooxanthellae), and
expulsion of symbionts, i.e. bleaching, has been recorded for some of these species. Along
with increased water temperature, the GuIf of Thailand also receives high inputs of an-
thropogenic pollution, such as heavy metals. In this study we investigate the physiological
effects of increased water temperature and copper exposure onTlidacna squanl,osa, a spe-
cies native to Thai waters although natural stocks are declining. In the copper experiment
the clams were exposed to 50 pg CuJl, and in the temperature study the clams were sub-
jected to a temperature raise ofthree degrees. After a short term (12h) exposure the net
production in natural light and oxygen consumption in darkness were measured. GP/R
ratios for controls and exposed clams were calculated on one-hour basis. The results of this
study clearly show that both stresses cause significant decrease in GP/R ratios, although
caused by different stress responses. In clams exposed to copper, the decrease in GPIR is
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an ultraviolet (UV) water disinfection system. The effects of seawater salinities (25,30 and
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tion protocol applied to the mussels effected significant decreases in total plate, coliform
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Experiments were conducted to determine the effects of various diets on the reproductive
performance of female donkey's ear abalone. Dietary treatments consisted of natural food
(seaweed), D1; formulated diet, D2;combination of natural food and formulated diet, D3.
Hatchery-bred abalone broodstock with initial body weight of 30-459 were stocked indi
vidually with 1 male abalonein24,60-l tanks with 8 replications and cultured for a period
of 273 days. Spawning was monitored daily. Broodstock response in terms of number of
spawning, hatching, fecundity, and egg fertilisation rate was enhanced in females fed the
mixed diet, D3. Survival and final body weight of broodstock abalone for all treatments
were not significantly different from each other (P<0.05). Results furbher showed that fe-
males fed D3 gave higher numerical values in reproductive performance compared to the
other 2 diets. Satisfactory results that were obtained from the reproductive performance of
abalone broodstock fed D3 were attributed to the combined effects of nutrients which are
essential for reproduction in the combined diets. The use of formulated diet in combination
with natural food is necessary to enhance reproductive performance in broodstock aba-
lone.
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Australian Institute of Marine Science, PMB No 3, Townsville MC,
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The application of a variety of molecular methods to assay genetic variation in wild popu-
lations has provided the ability to distinguish morphologically cryptic species, and to de-
termine the evolutionary relationships between them. These methods have also allowed
the genetic architecture within species to be determined and this has revealed unexpected
structure in widespread marine organisms. Recent work in the Indo-Pacific has demon-
strated marked differences between Indian and Pacific Ocean populations, and some
differentiation between SE Asian and Australasian populations. Relatively little genetic
differentiation is seen over large regions which abut sharply with other such regions, sug-
gesting that genetic structure reflect rapid dispersal associated with range expansion from
a number of refugia. However, gene flow between such groups appears to be restricted, and
contrary to traditional views there is no association ofpatterns ofgene flow with present
day ocean currents - and far less extensive dispersal than previously thought. These frnd-
ings demand a reconsideration of the major factors influencing the evolution of marine
species in the region, and are of importance in present-day management of wild resources.
The ability to detect these patterns varies with the analytical approach used, and the
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Blidberg, E., T. Elfwing P. Plantman, M. Ted.engren & E. Wijnbladh
Department of Systems Ecology,, Stockholm Uniuersity, Stochholm, Sweden

The Gulf of Thailand is only one of numerous areas where extensive coral bleaching have
been reported in 1998. The widespread phenomena have primarily been explained with
increased water temperature stress due to EI Niflo. As well as corals giant clams also
maintain a symbiotic relationship with photosynthesising microalgae (zooxanthellae), and
expulsion of symbionts, i.e. bleaching, has been recorded for some of these species. Along
with increased water temperature, the Gulf of Thailand also receives high inputs of an-
thropogenic pollution, such as heavy metals. In this study we investigate the physiological
effects of increased water temperature and copper exposure onTlidacna squdtnosa,a spe-
cies native to Thai waters although natural stocks are declining. In the copper experiment
the clams were exposed to 50 pg CuA, and in the temperature study the clams were sub-
jected to a temperature raise ofthree degrees. After a short term (12h) exposure the net
production in natural light and oxygen consumption in darkness were measured. GP/R
ratios for controls and exposed clams were calculated on one-hour basis. The results of this
study clearly show that both stresses cause signifrcant decrease in GP/R ratios, although
caused by different stress responses. In clams exposed to copper, the decrease in GPIR is
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caused by a reduced photosynthesis, which indicates that the algae component of the sym-
biotic relationship is the most affected. The clams exposed to increased temperature re-
mained a high photosynthetic rate, but displayed significantly increased respiratory de-
mands, rendering lowered GP/R-ratios. It is not possible to distinguish which part of the
symbiotic relationship that is responsible for this reaction, i.e. if heat-shock is a signifrcant
stress to the zooxanthellae, clams or both. Clams exposed to any of the environmental
stresses studied here still have GP/R ratios above one, however, indicating maintained net
productivity, when calculated on a daily basis.

REPRODUCTTVEBIOLOGYOFGREENMUSSEL PEENAVIRIDIS
(LINNE,1758)

Chau Thanh, Nguyen Chinh, & Tran Mai Kim Hoa
Nha Tlang Uniuersities of Fishery

Research Institute for Aquaculture No.S, Nha Tfang,Vietnam

Our studies on the reproductive biology of green mussels were conducted from December
1997 to August 1998 in Cam Ranh Bay, ICranh Hoa Province,Vietnam. They showed that
development of the green mussel's gonad was divided into four stag'es. The first spawning
occurred at a length of 60 mm. A percentage of male and female green mussels changed sex
on a monthly basis. Green mussel with a shell length of 98-122 mm can spawn about 6.5 to
11.3 million eggs with an average of 11,317 +9,328 eggs per g of the total weight, equiva-
lent to 44,054 + 26,698 eggs per g soft body, or 1,07I,674 + 5l-,616 eggs per g female gonad
tissue. The mussels were fat in the spawning season from February to August. This report
also points at ways to protect and restore populations of green mussels.

STT]DY ON CI.]'TTLE FISH CI]L TI]RE
Danakusumah, Edward

Faculty of Fisheries and marirue Sciences Bogor Agricultural
Uniuersity JI Lingkar Kampus, Darrnaga Bogor I 6680, West Jaua, Indonesia

Cephalopod meat is weII known as the best supplemental feed for marine finfish broodstocks.
Neritic cuttlefish Sepia sp. is one of the cephalopods, which is Iocally available in Banten
Bay Waters. In the area, supply of fresh cuttlefish meat can only be obtained when the
cuttlefrsh is produced from aquaculture. However, data and inforrnation on the biology
and culture of the cuttlefish is very limited. This study examines the effects of salinities on
rate of hatching. Fertilized eggs were produced from a group of females in a culture tank of
200 litres capacity. The eggs were incubated in a series of 1800 ml capacity bottles with
salinities of 29,32,35 and 38 ppt. Initial density was 200 eggs/L The bottles were aerated
during the incubation. The bottles were placed in a water-bath of 400 litres capacity in
order to maintain a constant temperature. The study was terminated when all of the live
eggs hatched. The average hatching rates were 46, 68, 76 and 527o for those incubated in
29,32,35 and 38 ppt salinity respectively. Best incubating salinity for cuttlefish egg is 35
ppt seawater, however, statistically there is no significant difference compared to those
incubated in 32 ppt seawater.
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REPRODUCTIVE BIOLOGY OF THE BI,ACK LIP PEARL OYSTER
PINCTADAMARGARITIFENN, (LINNE, 1758)

IN NHA TRANG.KHANH HOA VIETNAM

Ha Le Thi Loc
Institute of Oceanog.raphy, Nha T?ang, Vietnam

Samples of Black-lip-pearl oysters (Pinctada margaritifera) were collected in Nha Trang-
Khanh Hoa coastal areas from April 1997 to March 1998. Pinctada margaritifera spawned
around the year but the main season was from January to July. The first spawning oc-
curred at an average shell height of 6 cm and a weight of 35,9 g. There was a relationship
between sex ratio and size. With increasing size, the male frequency decreased and the
female frequency increased. The proportion of females (58.6Vo) was higher than that of
males (4l,3Vo) in nature.

ANATON/ilCAL P ARADIGM FOR NEOGASTROPOD EVOLUTION

Kantor, Yuri I.
A.N.Severtzov Institute of Problems of Evolution;

Russian Academy of Sciences, Leninski Prospect 33, Moscow 117071, RUSSIA.
E - mail : hantor@malaco - seu in.msk.ru.

The last many years have witnessed an increasing effort in producing a phylogenetic hy-
pothesis of general gastropod evolution. Despite the significant progress that has been
done in molecular studies, it is clear that gastropod anatomy is still the primary means of
achieving this goal. The Neogastropoda exemplifies the importance of anatomical studies
in different aspects ofevolutionary studies. The Order (or Infraorder, according to differ:
ent recent classifications) Neogastropoda (Mollusca: Gastropoda) is one of the largest among
marine gastropods, and includes mainly predatory marine forms. Studies of anatomy, es-
pecially of the digestive and reproductive system allow to clarify the taxonomic relation-
ships and position of the taxa of different taxonomic levels:
1. Species level (e.g. isolation of the new species Oliua ouini from closely related Oliua
oliuawas based on anatomy).
2. Generic-familiar level (e.g. distinguishing of conchologically extremely similar genera of
Conoidea - Crassispira,fam. Turridae, fuorr' Strictispira, fam. Strictispiridae; description
of the genus Toxicochlespira,fam. Conidae, conchologically extremely similar to the genus
Cochlespira, fam. Turridae)
3. Suprafamiliar level (transfer of the genus Morum from the family Cassidae, Infraorder
Littorinimorpha, to the family Harpidae, Infraorder Neogastropoda).
The important application of anatomical data is not only creation of more realistic
cladograms, but also the possibilities of explanation of the obtained cladograms. The re-
markable example is the explanation of the formation of so-called hypodermic marginal
teeth of Conoidea in the similar way to duplex marginal teeth, as was supposed by the
cladogram.
Despite importance of anatomical data, Neogastropoda remains poorly studied in this re-
spect. For most of the families, less than I0Vo of species has been studied anatomically,
while only one or two species are studied for several of them.
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BTVALVIACOLLECTED FROM THE ISI,ANDS OF SI.]NDASTRAITS
Kastoro, Woro W. & Mudjiono

Research and Deuelopment Centre for Oceanology - LIPI, Jaharta,INDONESIA

Fifty seven species of molluscs collected from the reef flat (intertidal areas) of four coral
islands around Bnggano Island, Indian Ocean consisted of41 species ofgastropods and 16
species of bivalves. A systematic list is provided with illustrations, brief description and
brief ecological notes on the habitat. The family Strombidae was dominated by the genus
Lambis. Among the bivalve families Tridacnidae had the highest number of specimens.
Two species of mangrove bivalves were also collected.

BIOGEOGRAPITY, BIOMES AND TTIE MOLLUSCA OF
SOUTHEAST AFRICA

Kilburn, R. N.

Natal Museum, P /Bag 9070, Pietermaritzburg 3200, South Africa

Subtraction margins of the Indo-West Pacific - such as the east coast of South Africa -
present several commonly ignored problems when their biogeography is examined in de-
tail. Conventional treatments require some refinement through exclusion of vagrant taxa
and perched faunules, and allowance for sampling artifacts. Furthermore, a simple linear
approach is applicable only to the littoral reg"ion, and should not assume concordance with
the corresponding shelfand slope benthos. Because ofthe diffrculty ofintegrating a second
dimension, more useflul information can often be derived from examining the faunal com-
position and probable history of individual marine biomes.

CORNEI"ATIONS OF MI.]L TILOCUS HETEROZYGOSITY TO GROWTH
R"ATE, O)TYGEN CONSIIMPTION, AND MORPHOLOGTCAL

CIIARACTERISTICSIN CERASTODERMAEDULE

Kittiwattanawong, Kongkiat
Phuket Marine Biological Center, P.O box.60, Phuket,83000. Thailand.

A single population of 3-year Cerastod.erma edule was used to investigate correlations be-
tween multilocus heterozygosity (MLH) and I) frtness-related traits, 1.e., growth and oxy-
gen consumption rates; II) morphological traits, i.e., shell weight, flesh weight, shell length,
shell height, shell width, and ligament length; III) sex and the presence of parasites. MLH
was scored from the six enzymes determined by seven polSrmorphic loci. MLH did not cor-
relate to growth rate, which was bias-corrected from the difference in recruitment time.
Despite this result, significant correlations were detected between MLH and shell length,
shell width and shell height. This indicated the potential bias of the difference in recruit-
ment time to the growbh/IVILH correlation. A weak but significant correlation between MLH
and oxygen consumption rate was also detected, but not consistent through all sample
sets. There was no difference between male and female in the mentioned aspects.
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Gymnophallus sp infected six percents of the specimens. These infected cockles consumed
more oxygen than the uninfected ones. A summary of various studies concerning MLIV
fitness-related correlations is presented. I suggest that this kind of correlation is very
weak. It is inconsistent (requires a certain condition) and should not be considered as a
major selective component.

MOLLUSCAN CASTLE.BI.IILDING: HOW MOLLUSCS
I\{AKE TIIEIR SHELLS

Kohn, Alan
Department of Zoology, Uniuersity of Washington,

PO BOX 35 1 800, Washington 98 195- 1800
USA

The shell is the mollusc's castle, but few biologists appreciate how it is constructed and
how its design meets the structural demands and the mollusc's adaptation to its mode of
life and environment. Research on molluscan shell formation is also more broadly impor-
tant: it provides a model system for studying biomineralization, the role of organic matrix
in the preciptation of hard tissues, how hard tissues are remodeled, and the mechanical
and functional properties of different crystal forms. In this presentafron on how the mol-
lusc's mantle forms its shell, I wiII describe several aspects of mantle-shell relationships,
including the chemistry of calcium carbonate precipitation, the roles of protein in shell
formation, and the relationship of the different mantle regions to the layers of the shell
and their crystal architecture. In addition I will discuss exterior and interior remodeling of
shells, the basic geometry of gastropod shells, and the biological significance of shell colour
patterns.

METALCONTAMINATIONINGASTROPODS (MOLLUSCA) AI{D
OTIIER BIO TA OF MINAIIASA PEMNSI]I,AR COAST AL IVATERS,

NORTH SIILA WESr, TNDONESIA

Lasut, Markus T.

Laboratory of Toxicology & Marirue Pharmaceutics,
Faculty of Fisheries & Marine Sciences, Sq.m Ratulangi Uniuersity

Indonesiq,

Minahasa Peninsular Coastal Waters, North Sulawesi, Indonesia, receive drainage from
various land-based activities (agr"iculture, rural, port, and mines), including tailings from
mines industry. Five locations (Amurang, Manado, Likupang, and Buyat Bays, including
Lembeh Straight) have been studied from March to December 1997 to investigate current
metal contamination using gastropods, macroalgae, seagrass, and sea urchin. Nine ele-
ments of metal (K, Na, Mg,Zn, Cu, Fe, Pb, Cd, and Hg) were analysed by atomic absorp-
tion spectrophotometry (AAS) and compared to other data to define the metal pollution
status. The levels of K, Na, Mg, Fe, Cd, and Hg in gastropods (Littoraria sp. and Nerita sp.)
in Buyat Bay were at least one to three times greater than those from Lembeh Straight
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and Manado Bay, and Fe and Hg in Drupella sp. and Oliua sp. were higher than in other
tested gastropods including Tbrbo sp.The levels of K, Na and Fe in macroalgae(Eucheuma
sp. and Halimeda sp.) from Lembeh Straight were higher than those in Manado and
Likupang Bays, while Pb, Cd, and Hg in seagrass (Thq,lassia sp. and Enhalus sp.), and K,
Na in sea urchin (Echinometro sp. andDictdema sp.) from Likupang Bay were higher than
those from Manado Bay and Lembeh Straight. In total, the levels of K, Na, Mg, Fe, Pb, Cd
and Hgin gastropods from Buyat Baywere higher than those from Manado Bay and Lembeh
Straight, and the levels of Zn and Fe in other biota were higher from Lembeh Straight
than those from Manado and Likupang Bay. This implies that some locations were more
polluted than the others. However, no statistical analysis was applied to the data.

DESCRIPTIONSOFLOLIGINIDSQI.]ID UROTEUTHISB ARTSCHI
REHDER, 1945 (CEPHALOPODA,: LOLIGINIDAE) ANDOTHER

EDIBLE SQI]IDS FROM NORTHERN MINAIIASA PEMNSI]I,AR
WATERS, NORTH SI]I,A WESI, INDONESIA

Lasut, Markus T., Farnis B. Boneka & Gustaf F. N. Mamangkey

Laboratory of Marine Biology, Faculty of Fisheries & Marine Sciences
Sam Ratulangi Uniuersity, Indonesia

A contribution to a cephalopod collection has been made. Loliginid sg uid Urotheuthis bartschi
Rehder, 1945 (Cephalopoda: Loliginidae) and three other edible squids, Sepioteuthis
lessoniana Lesson, 1830, Sthenoteuthis ouq.laniensis (Lesson, 1830), Sepia pharaonis
Ehrenberg, 1831-, from northern Minahasa Peninsular Waters, North Sulawesi, Indone-
sia, have been recorded from 58 examined specimens. Description, illustration, and a key
to the identifrcation of [.L bartschi are provided, and illustration of the other squids is also
included.

ARCHITECTLIRE OF PROSOBRANCH (MOLLUSCA': GASTROPODA)
SHELLS AND ANOVERVIEWOFREI.A TIONBETWEEN

SHELL SHAPE ANDIIABITAT

Lasut, Markus T. & Veronica A. Kumurur

Faculty of Fisheries & Mq.rine Sciences,
S am R at ulq.ng i U niu e r s ity, M anado, I ndo ne s icr.

Diuision of Biodiuersity,
Center for Enuironmental & Natural Resources Studies,

Cinta Cipta Nusantara Foundation, Indonesia

This study tries to show similarities and variations in shell form of the three orders of
prosobranchs Archaeogastropoda, Mesogastropoda, and Neogastropoda using form and
shape, axis/balance, proportion, and texture/ornament as elements in architecture. ReIa-
tionships between shell shape and habitat are also reviewed. The elements of architecture
provide useful features for important morphological characters. The form of the prosobranch
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shells show similarities (circular, triangle, and combination of both) in general, but it var-
ies in shape for each order, and the variations are always combined with different axis/
balance, proportion, and texture/ornament. Therefore, each order shows a specifrc shell
architecture. Illustrations ofspecies representing each order ofthe prosobranch shells, in
accordance with the architecture elements, are shown.

GROWTH OF TNIDACNA SQAAMOSA JIIVENILES IN DIFFERENT
DOSES OF GROWTH HORNIONE

Latama, Gunarto
Has anuddin Unicu ersity, Uj ung Pandang, South S ulaw esi, Indonesia

Juvenile Tlidocna squanxosa (about 5 cm shell length) were treated with growth hormone
at the Marine Station of Hasanuddin University, Barang Lompo Island, South Sulawesi,
Indonesia. The aim was to see how growth was stimulated by different doses of the hor-
mone somatotropin manufactured by Mansato Co., USA. Four concentrations were em-
ployed, with three replications of each. Growth and survival of the juvenile were measured
two times. The result showed significant difference in absolute growth (weight increment,
P < 0,05) at a dose of 0.5 mVind. However, other combinations of size and hormone did not
result in significant differences in terms of shell increment and survival.

GROWTH AND SI.]RVTVAL OFBABYLON SNAILS CUL TI.IRED
I]NDER I,ABORA TORY CONDITION

Mai Duy Minh, Nguyen Thi Xuan Thu & Hua Ngoc Phuc
Research Institute for Aquaculture No.S, Nha Trang,Vietnam

Hatchery produced juveniles of Babylon snail, 30 days old, with an average shell length of
1.58 mm were cultured in concrete tank of 12 mg capacity containing unfiltered sea water
with temperature from 26 to 33 "C, salinity 30 - 35 Voo, pH = 7.5 - 8.0. Fresh fish and
bivalves were used for feeding. After 250 days, they had reached an average of 34.40 mm
shell length , 22.30 mm shell width and 7 .42 gram total weight. Growth rate of length and
weight decreased during study period. Survival rate was 73.80 7a. Relationship between
shell length (L) and shell width (Wd) was Wd =0.6294 L - 0.0244. The relationship be-
tween shell length (L) and weight was Wt = 0.0003l2.e00e .

SHIPWORNIS (BIV ALVIA TEREDIMDAE) IN THE INDO.PACIFIC RE.
GION: PI,ACES WTIERE TIIEY ARE WELLDISPERSED

Mamangkey, Gustaf
Faculty of Fisheries, Dept. of Fisheries & Marine Sciences
Uniuersity of Sam Ratulang| Mqnodo 95115,Indonesia

A total oftwenty-four species ofteredinids are described and illustrated. They belong to
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eleven genera of two subfamilies. This is approximately half of the forty-five species
recorded in the Indo-Pacific. Twenty-two of them exist in North Sulawesi waters. Teredo
johnsoni, Teredo portoricensls and Banhia martensi are the first records in the study
area. Banhia australis was introduced to Indo-Pacifrc waters from Australia via New
Guinea. Bactronophorus thoracites is distributed within mang"ove areas while
Nausitora dunlopei disperse only in brackish waters in the region. The number of
species and their distribution is mainly controlled by salinity, temperature, wood
availability and the types ofreproduction. The oviparous species tend to have a higher
speciation than the larviparous ones. Furthermore, the types of reproduction can
distinguish sibling species as in the cases of some species pairs of Teredo andLyrodus.

PIGMENTSOF APOLYTIORPHIC SPECIES,
LITTORARIAPALLESCENS

(PRO SOBRANCHIALITTORINIDAE )

Mantiri, Desy M. H. & Farnis B. Boneka
Faculty of Fisheries and Marine Sciences, Sam Ratulangi [Jniuersity

Manado, 95 I 15, North Sulawesi, Indonesia.

The littorinidsnailLittorariapallescens (Philippi,IB4T) living on mangrove leaves presents
three major shell colours: dark, yellow and pink. In the broad sense, body colour oforgan-
ism is usually associated with such pigment. From the previous works of other authors,
the shell colour variation of this species has mainly been related to an evolutionary re-
sponse due to environmental pressure. There is no record available on the pigment content
of this polymorphic species. Snails with the three major colours were collected from a man-
grove forest near Manado and brought to laboratory for pigment analysis. Pigments i4 the
shell as weII as in the tissue *"r" 

""purutely 
extracted,-and analysei by means of a spec-

trophotometer and thin-layer chromatography. The pigments were similar in the three
shell colours and recognised as melanin and carotenoid. The colour variation is probably
related to a specific association between pigment and a certain amino acid, as recorded in
the shell of lobster. Carotenoids recognised in the shell and tissue of L. pallescens are B-
carotene. Carotenoid concentration was higher in the tissues than in the shell.

GENERAL FEA TI.]RES OF THE RESEARCH WORK AND IIANDLING
OFMOLLUSCANRESOI.]RCESIN VIETNAM AND THE

ORIEI{T ATION OF DEVELOPMENT

Nguyen Chinh
Research Institute for Aquaculture No.S

Nha Tlang,Vietnam

Molluscs constitute the 2nd largest phylum of marine animals. They are important for
human life in Vietnam where people have used mollusc since ancient times. Yet, foreign
scientists working in Vietnam did not initiate the first research on mollusc until the early
1900's. Serene (1937) proclaimed a nomenclature of 610 species available in Vietnamese
seas. Subsequently, numerous investigators have supplemented the taxa and further com-
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pleted the molluscan fauna ofVietnam. Recently, research has been carried out on biologi-
cal characteristics of a certain number of species of economic value (for exploitation and
culture purposes). Some species, such as cockles and clams have been cultured in large
areas of northern and southernVietnam with great economic results. Unplanned exploita-
tion, however, has seriously exhausted the resources. Therefore, scientific research has
become particularly pressing and should aim at maintaining and developing the molluscan
resources in the long term.

MORPHOLOGICALCIIARACTERISTICS AND GEOGRAPHICAL
DISTRIBUTION OF THE COMMERCIAL BTV AL\ZE SPECIES
TEGILI.ARC AGRANOSA A}{D T, NODIFERA IN VIETNAM

Nguyen Chinh

Research Institute for Aquaculture No.S,
Nha Tfang,Vietnam

The two species Tegillarca granosa and Z nodifera share the common name blood ark-
shell given to them by fishermen because they have red-coloured blood and are remark-
ably similar in outer appearance. Distinguishing differences in shell morphology, ecology
and geographical distribution are described in this paper, with a view to helping fishermen
choose appropriate rearing grounds through recognition ofthese characteristics. It is also
hoped that the study may stimulate search for new seed stock locations in coastal areas.
Currently, the blood ark-shell culture industry in our country is focused on T. granosa
being the more valuable of the two species. However, recently, farmers in Khanh Hoa and
Ninh Thuan provinces started to culture T. nodifera.

RESI]LTS OF YELLOW.LIPPED PEARL OYSTER PINCTN)AMANMA
ARTIFICIAL SEED BREEDING D(PERIMEI{TS IN VAN NINH

sEA IVATERS, KHANH HOAPROVTNCE, AND IN VTINGRO BAy,
PHU YENPROVINCE, VIETNAM

Nguyen Chinh, Nguyen Van Hung & Phung Bay

Research Institute for Aquaculture No.S,
Nha Tlang,Vietnam

Yellow-Iipped pearl oyster P. maxima is the largest species in the family Pteriidae. The
pearl-planted culture is therefore remarkably focussed on this species. In Phu Quoc sea
waters (Kien Giang province) some self-employed fishermen collect natural pearls from
the yellow-lipped oyster and sell them for 800 to 1500 US$ a piece. As the pearl oysters
often live at 25 to 40 m water depth on bottoms with gravel substrata, culture in shallow
water calls for rather complicated techniques. In this report, we present the results of
yellow-lipped pearl oyster Pinctada maxima artificial seed breeding experiments in sea
water of Van Ninh, Khanh Hoa province, and in Vung Ro Cove, Phu Yen province. From
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the artifrcial oyster seed stock produced at the Institute for aquatic products Research No
III in 1997, it is noted that the survival rate was very low, but that after 20 months of
breeding and culture the largest individuals reached 17 to 18 cm in length. From the out-
come of the experiment, it's hoped that it's possible to increase the survival rate, producing
an adult oyster stock from artificial seed, thus contributing to the P maxima pearl-planted
culture industry.

DISTRIBUTION OF SOME ECONOMIC BIV ALVE SPECIES IN
INTERTIDAL AREAS INNGHE AN, VIETNA]VI

Nguyen Huy Dien
Research Institute for Aquaculture No.7 Ha Bac,Vietnam

The distribution of some economic bivalve species was investigated in relation to tide,
salinity and substrate in intertidal areas of Nghean,Vietnam. Eighteen species of bivalves
belonging to nine families have been recorded. Seven species are new records from the
coast of Vietnam. Highly significant effects of sampling positions, tidal zone, and interac-
tions with respect to sampling positions and tidal zones on density and biomass have been

shown for Tellina sp., Glauconorne cerecl, andAnomalocardia produbta. Conversely, there
were no interactions with respect to sampling positions and tidal zones, and low signifi-
cant effect of sampling positions on the density for Meretrix meretrix. With respect to sam-
pling positions and substrate on density, significant effects of sampling positions, substrate
and interactions were found for ?ellina sp.,Glauconome cerea, andAnomalocardiaproducta.
There was a low significant effect of sampling positions for Meretrix meretrix. Two-way
ANOVA was used to test all effects of those factors. A low signifrcant effect of variation of
salinity on density of bivalves was found in the range of 22-27 Voo, whTle no significant
effect was found when salinity varied fuom23-26Voo and,27-28Voo using one-wayANOt'A

BIOLOGICAL SP AWNING CIIARACTERISTICS OF BABYLON SNAIL
(BABWONIA AREOLATA)

Nguyen Thi Xuan Thu, Hua Ngoc Phuc, Phan Dang Hung, Mai Duy Minh &
Kieu Tien Yen

Research Institute for Aquaculture No 3
NhaTlang,Vietnam

Babylon snail is gonochoristic with internal fertilisation. Sex ratio of adult snails varied
from 1:1.38 to l:2.65.After 7 months of culture, the snails reached a shell length of 35-42
mm and spawned first time. Adult snails cultured in cement ponds deposited egg capsules

year-round with 2 peaks of spawning in March and July. Vasiform transparent egg cap-

sules were laid during nighttime and attached to the sandy bottom or coarse substratum'
Each breeder deposited from 18 to 75 (average 38) egg capsules. Egg capsules measured
30.6 x 9.9 mm in length on average and contained about 743 eggs in a jellyJike fluid.About
6 days after spawning, bilobed veliger larvae hatched out. Veliger larvae spent about 12 to
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14 days in the free-swimming larval stage and metamorphosed to crawling juveniles after
26 to 18 days. Fertilisation and hatching rates were 83 andg|Va on average respectively.

EFFECT OF SALINITYONHA TCHING, I,ARVAL GROWTH, AND SI.]R.
VTVALINBABYLONSNAIL ( BABWONIA AREOLATA)

Nguyen Thi Xuan Thu, Hua Ngoc Phuc, Hoang Thi Bich Dao & Thai Ngoc Tran

Research Institute for Aquaculture No.S
Nha Tlang Fisheries Uniuersity , Nha Tfang, Khanh Hoa,Vietnam.

The effects of salinity (15-40 Voo) on egg development, growth and survival of veliger stage
to metamorphosis of Babylonia areolatq,were studied. Eggs were able to develop into veligers
in 30 to 35 Voo salinity. In 15 and 20 Voo, aII the animals died within hours. ln 25 p.Voo, eggs
developed into trochophores but metamorphosis was incomplete; all the larvae developed
into abnormal veligers. In 4}Voo,the eggs developed into trochopores but the complete lar-
val development to metamorphosis was very low. The veliger larvae were able to survive to
newly settled juveniles when cultured in salinities from 20 to 40 Voo. Optimum develop-
ment of larvae to juvenile occurred in salinities between 30 and 35%o .In 20 and 2SVoo,f:itlst
settling occurred on the 5th or 6th compared to 7th day for larvae cultured in 30, 35 and 40
Voo.T};.e newly settled juveniles were capable of tolerating a wide range of salinities from 15
Lo 40Voo. The optimum for both growth and surwival were between 30 and 35Voo. B. areolata
juvenile (1 to 10 mm length) tolerated salinities from 17 to 47 %o. The optimum salinities
for both growth and survival were between 27 and 37 Voo. A lower limit of survival was
observed at 15 and 49 Voo. Differences in growth rate and survival rate, as well as the
activity of animals in different salinities, were noted.

EI{VIRONMENT AL PARAMETERS , BIOLOGY AND ST OCKS OF
MERETRX L YRATA IN THE MEKONG DEL TA,

VIETNAM

Nguyen Van Hao, Nguyen Dinh Hung, Pham Cong Thanh, Tran Quang Minh,
Nguyen Thanh Tung

Diuision of Experimental biology,
Diuision of Enuironment and, Aquatic Source, Research Institute for Aquaculture No.2

We have studied environmental factors influencing stocks of Meritrix. lyrata, which is a
commercially important bivalve in Vietnam. The species lives within the sediment where
its habitat is influenced by the pH, temperature, salinity, dissolved oxygen, total suspended
solid, chemical oxygen demand, biological oxygen demand, chlorophyll d,, ar:'d bacteria. We
have focused on the total number of Vibrio.

Hydrographic and meteorological factors were also noted: air temperature, velocity of
the wind, total rain fall, and the tidal regime on clam grounds in the Mekong Delta: Thanh
Phong village (Thanh Phu district), Thoi Thuan village (Binh Dai district) in Bentre prov-
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ince, Tan Thanh village (c1 cons Dong district) in Tien Giang province and some places atThoi Thuan village (Binh Dai district), Bao Thuan village fea'Tri district) i' Be' ire prorr_ince' and ran Thanh village (Go cong Dong district) iriTien Giang province.
Besides, some of the main biological characteristics of Meretri^tc lyratawere studie d,, uiz,growth rate, quantity and quality of stomach contents, developnient of the gorr"a", urrahermaphroditism in mature individuals. Emphasis hrs been on the variable yields andestimates of some of the main factors, which affect the qrrurrtity of clams. Statistics wasused to estimate the_market size yield of Meretrix tyrato-pi, year in Tien Giang and BenTre province in the Mekong Delta. The present study forms a scientific base tlo proposeways to protect the_natural breeding grounds and to provide;rrrrenlle;;;t""d i"o *u"t 

"tsize in the Mekong Delta.

SPECIES COMPOSITION AND DISTRIBI.]TION OF CEPI{ALOPODS
INVIETNAM

rnstituteEcotosy""Iill,:rf;ffr 
"o;:,"""Hanoi,vietnam

A total of 69 species of cephalopods in 23 genera, 13 families, and B orders were studiedftom lg77 to 1997. Data from other students of Vietnamese cephalopods are included. Thedistributions ofcephalopods accordingto area and a"ptr, uru,Iso presented.

CEMENTPOLE CUL TTIRE OF OYSTER ( CR,{SS OSTREABELCHERI'
USING VARIOUS SIZES OF IIA TCHERY.PRODUCED SP AT.

Suparp pripanapong

Ranong C oastal Aq uaculture Station, Ratc hakrut,
Muang Ranong, Thailand. g5000

Hatchery produced oyster spat were graded into three sizes: Large, medium and smallspat on average 5.0 + 0.2, B.z + 0.0 and 8.2 + 0.1 cm in sheil length, and 4.4 10.s,8..u ,0.,and 2'8 + 0'0 cm in shell width respectively. Each size class was attached to 6lement poles,
15 spat per pole. They were placed on a mud flat in Khoa Yoa Bay. Growth and survival ofoyster and water quality parameters were determined monthly throughorrt tt 

" "rrttor"period' After 12 months of culture the size of the large, medium and small oysters wlre 6.b+ 0.3, 6.5 + 0.1 and 6.8 t 0.8 cm in rength and b.B + 0.i, 8.7 + 0.2 and 8.2* rj.1 
"- in widthrespectively. The growth increments were 1.5, 2.7 andg.0 cm in length 

"16_t.+,i.+ind2.acm in width respectively. Suruival rates were 35.8,41.G and 84.9 vi rcspectiv"ty. tii, 
"orr-cluded that small size hatchery-produced oyster spat can be cultured on ."-*1pot" *itr,highest shell growth increment. Low survival was found in all size groups arr" i-in" a"-t-aching of the spat from the pole because they had too limited shell surface cemented tothe pole. Environmental conditions in the cuiture area were temperatur e 26-84 "C, pH

7 'I-8'2, Oxygen 3-2-8.2 mgL,Turbidity 65-195 cm. Plankto n of S2species were found, themost abundant group was diatoms.



274 Tlopical Marine Mollusc Programme (TMMP)

BIODTVERSITY OF MOLLUSCS ON ARTIFICIAL REEFS IN PHE BA Y,
EASTERN COAST OF TTIE GI]LF OF THAII.AND

Singhagraiwan, Tanin (1), Vicharn Ingsrisawang(2), Saowanee Singhagraiwan(3) &
Somnuk Kabinrum(2)

(1) Upper Gulf Marine Fisheries Deuelopment Centery Marine Fisheries Diuision,
Department of Fisheries, Chatuchah, Banghok 10900, Thailand

(2) Eastern Marine Fisheries Deuelopment Centery Marine Fisheries Division,
Department of Fisheries, Ban Phe, Rayong 21160, Thailand

(3) Fisheries Science Mtrseum, Department of Fisheries, Chatuchah, Banghok,
10900, Thailand.

Surveys of molluscs were conducted at two locations of abalone artificial reefs in Phe Bay,

eastern coast of the GuIf of Thailand, using two types of concrete blocks. The blocks con-

sisted oftransplanted seaweed blocks and control blocks without seaweed. A total of200
species of molluscs in 63 families, including 100 gastropod and 100 bivalve species (juve-
nile and adult), were identified on these blocks during the course of monitoring. Environ-
mental conditions fluctuated little during one-year of monitoring at the location near Samet
Island. There were 139 molluscs species, from 52 families (67 gastropods and 72 bivalves)
found at this location. Pyrene sp. was the dominant gastropod in terins of its year-round
occurrence and abundance in number of individuals, while Chama sp. and family Ostreidae
were the dominant bivalves. The monthly index of diversity indicated no fluctuation in the
number of species. The highest numbers of gastropods were found in January, while that
of bivalves occurred in May. At the location near Ban Phe beach, environmental conditions
fluctuated considerably, and 142 species in 53 families of molluscs (68 gastropod and 74
bivalve species) were recorded. The monthly diversity index also showed a significant fluc-
tuation during the one-year of monitoring. Thais rufotincta was found to be the dominant
gastropod species whlIe Anomio sp. and Ostreidae were the dominant bivalves. The high-
est abundance of gastropods and bivalves were found in February and May respectively. In
addition, the blocks with transplanted seaweed recorded a higher number of species, total
abundance, and species richness, than those ofcontrol blocks. Overall, the results showed
that biodiversity of molluscs on abalone artifrcial reef was dependent on fluctuations of
environmental conditions, the presence oftransplanted seaweed on the reefsurface and
interference by humans.

GROWTHR.A,TE OF TROCHUS NILOTICUS L. WITHEMPIIASIS ON
MACRO.ALGAL FOOD ITEMS

Soekendarsi ,Eddy (1), M.Iqbal Djawad (2) & Yulianus Pangaongan (3)

7 Department of Biology, FMIPA
(J niu e r s ity of H as anuddin, Uj ungp andang I 0 2 4 5, I ndorue sia

2 Department of Fisheries, Faculty of Marine Science & Fisheries
(J niu ersity of Hasanuddin', Uj ungpandang 9 02 4 5, Indone sia

3 Department of Fisheries, Faculty of Fisheries Uniuersity of Nusa Cendana, Kupan'g,
Indonesia
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A study on the growth rate of T. niloticus was conducted at the Marine Science Hatchery,
University of Hasanuddin, Barang Lompo Island, and South Sulawesi. In nature, the food
items of top shell T. niloticus are genera of macroalgae, such as Gracilaria, Eucheuma,
microalgae, and other small organisms. In the hatchery, the growth rates were measured
in terms of shell length and shell width when 2 niloticus was fed with a mixture of dry +
fresh algae, and dry algae alone. The algae were Caulerpa, Padina, Gracilaria and
Eucheuma. The green macroalgae Caulerpa resulted in the best growth rate of shells of
Tlochus.The brown and the red macroalgae also resulted in growth of the shell, but not as
well as the green macroalgae.

MAI"ACOLOGICAL RESI]L TS OF THE RI]MPHIUS BIOHIST ORICAL
EXPEDITION TO AMBON (1990)

Strack, Hermann Leberecht
Nationaal Natuurhistorisch Museum

PO Box 9517, 2300 RA Leiden, The Netherlands

In 1990 a marine biological expedition was carried out atAmbon Island (Moluccas,Indone-
sia). The primary objective of the expedition was to collect and study"marine invertebrates
fromthe localities mentioned by Rumphius inhis book,,d'Amboinsche Rariteitkamer" (1705).
During six weeks a considerable collection of marine molluscs was gathered in about 40
localities. Some preliminary results concerning the malacofauna ofAmbon are: Rumphius
was a good observer and his locality data are accurate. This became clear when several
species could only be found in the localities indicated by Rumphius. This was the case for
Dentalium elephantinum (L.), Chicoreus ramosas (L.), Phalium glaucum (L.) and several
other species. The mollusc fauna ofAmbon is remarkably rich. Part of the expedition ma-
terial (already studied or currently under study) yielded the following numbers of specios:
Muricidae 58 species, Pectinidae 17 species, Nassariidae 47 species, Naticidae 27 species,
Mitridae and Costellariidae 96 species, Rissoininae 45 species, Terebridae 25 species and
Polyplacophora2T species. Unfortunately numerous mollusc groups remain unstudied by
the lack of qualifred specialist. Several new species were found and many species appeared
to have a much wider geographic distribution than was known. Callistochiton generos
(Iredale & Hull, 1925) was thought to be an endemic species from Queensland, Australia.
Nassarius maccauslandi Cernohorsky, 1984 was only known from Fiji. Cryptoplax planus
Ang, 1967 and Morula parua (Reeve, 1846) were only known from the type material from
the Philippines. Tetraphora (Costatophora) seranq (P.J. FischeU Ig27) was only known
from fossil (Pliocene) material, but many living specimens were found during the expedi-
tion.

THE COMMERCIAL ASPECTS OFIIAR\ZESTING SOZE^rGRAND/S IN
THE COAST AL \ryATERS OF EAST SI]RABA YA INDONESIA-

Sunoto, Hadi, Ninis Trysjani, & Rahmadi Prasetyo.
Hang Tfu.ah Uniuersity Team, Surabaya Ind,onesia

The bivalve Solen grandis has a high economic value. Villagers in Madura Strait, Kenjeran
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coast, South Madura coast and Pasuruan coast collect them. In the harvest season (July-
August, December-January each year) each person can catch 40-60 kg (@ Rp. 4,000/lq)
and in the poor season fromApril to May each person can catch 2-3kg (@ Rp. 5-6,000/kg).
The market price of dried S. grandi.s was Rp 70,000 to 80,000/kg.

The condition index (ratio of dry weight/wet weight x700 7a) was 22,5 + 4,77o in the best
area and from 16,1 + 2,7Vo to 15,7 + l,9%a in poor areas. This study aims at grving the first
information on the relationship between environmental conditions and the distribution of
S. grandis. We recommend the following steps to be taken for more detailed knowledge in
order to increase economic growth of the coastal people: 1. The habitat of S. grandis; 2. The
water quality; 3. The life cycle of S. grandls; 4. Collecting methods; 5. Drying method and
packing; and 6. Product preparation and distribution methods.

MOLLUSCAN SPECIES IDENTIFICA TIONUSING ARTIFICIAL
NEI]RALNETWORKS

Tan, K.S. 1 & Y.Y. Looz
lTlopical Marine Science Institute National Uniuersity of Singapore

70 Kent Ridge Crescent Singapore 119260.
2Aromqtrix Pte. Ltd.21 Science Park Road #03-10

The Aquarius Singapore Science Park II Singapore 117628.

Conventional identification methods in biolory involve either the use of diagnostic keys or
the comparison method. Diagnostic keys work on the principle of exclusion. The number of
taxa being considered is gradually decreased until the specimen is "keyed out", using one
rule at a time. This method has inherent limitations that can lead to errors in identifrca-
tion. Besides the existence of poorly constructed keys, perhaps the most common problem
is that the user fails to recognise particular character(s) used in the key and makes p
mistake along the way. Often this can be detected as one progresses further along the key
but sometimes it may lead to incorrect identification. Lack of qualitative characters amongst
the taxa considered may also hamper key construction and use. The comparison method,
in contrast, is a polythetic method. The specimen in question is matched with illustrations
so that characters are compared and used together all at once. Rapid and accurate identi-
frcation can be accomplished, provided good illustrations and detailed diagnoses are at
hand. However, when these are not available, as is often the case for molluscs in Southeast
Asia, matching of specimen to illustration becomes increasingly unreliable and highly sub-
jective. New species, and taxa with inherent intraspecific variation, are particularly prob-
lematic. In view of these shortcomings, we made an attempt to see if artificial neural com-
puting methods can provide useful solutions. Neural networks differ from keys in that
they explore many competing hypotheses simultaneously. In this paper we present pre-
liminary results of using commercially available artificial neural network software to use
information inherent in gastropod shell morphometric data for species identification. Lin-
ear shell dimensions of several species of mangrove Littorinidae were used to train and
subsequently test the effectiveness ofa neural network on a desktop computer. Tests con-
sisted of "asking" the computer to identify a series of Littoraria individuals based entirely
on shell measurements. Although there are limitations, our results suggest that artificial
neural networks are a promising, robust alternative to existing methods of species identi-
fication.
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FEASIBILITY STI]DY ON CI,]L TIIRE OF COCKLE AT{ADARA
TROSCHELI DI]NKER
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Tandavanitj, Sanchai
Ornamental Fishes Research and Aquarium Institute,

Department of Fisheries, Chatuchah, Banghok 10900, Thailand

Anadara troscheli is one of the most common cockles in Thailand. It is distributed along
the Andaman coastline and some areas in the Gulf of Thailand. In order to establish and
improve culture of the species, basic information concerning movement behaviour and
growth rate are essential. Movement behaviour of the cockles is the main obstacle for
transplanted brood-stock to new culture areas. Movement experiments of two cockle spe-
cies, A. troscheli and A. nodifera, were carried out in tanks and recorded by VDO equip-
ment. A. troscheli did not move and they just buried in the sediment, while A. nod.ifera
moved forward around the tank. Growth rate was estimated monthly inA. troscheli from
Sapam Bay, Phuket Island, sampled during January-November, 1997. Average shell incre-
ment was 0.47 mm/rnonth and the weight increased 1.49 g/month. In conclusion,Atroscheli
is feasible for culture since it will not move out from culture area in contrast to A. nodifera.
It is a big species and the weight increment is higher than for other cockles cultured for the
same period of time.

SIZE AND AGE ATSEXTIALMATI,]RITY AND AI{NUALGAMET OGENIC
CYCLE IN OCEAN QUAHOG , ARCTICA ISI.ANDICA (LINNAEUS, 1767),

OFF NORTH.WEST ICEI,AI{D

Thorarinsdottir, Gudrun G.
Marine Research Institute, P.O.Box 1390, Skrtlagata 4, 121

Reykjauik, Iceland

Ocean quahogs, Arctica islandica, were collected from near shore populations off north-
west Iceland for study of their sexual maturation and gametogenic cycle. In February 1994,
two hundred and six quahogs 24-119 mm in length were sampled for determination of
developmental stages relative to size, age and sex. Sexual differentiation was evident in
200 individuals, 17 were in the intermediate stage and 183 fully mature. On the basis of
annual internal growth banding in the shells of the specimens the age ranged between 7-
32 years in the intermediate stage and the individuals were from 24-68 mrr;,in shell length.
The smallest and youngest individuals that could be sexed were males. The smallest fulty
mature male was 36 mm in length but the youngest aged individual was 10 years old (49
mm length). The youngest fully mature female was 44 mm and 13 years old. Age and size
at maturity showed a wide range and may be dependent on growth rate and environmen-
tal conditions. Sex ratio between males and females were examined relative to size in 200
quahogs. The male to female (M:F) ratio varied between size classes, with males dominat-
ing in the smallest size classes, which may be related to their earlier development of ger-
minal cells. At a length of 40 mm or more the females dominated in all size classes except
65-69mm(1.4:1) and70-74mm(1:1).Atotalof350adultquahogsweresampledatregular
intervals over a year (1998) to determinate the gametogenic cycle. Morphologically ripe
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specimens, as inferred from histological examination, were present aII the year around but
piedominated from April to July. A prolonged spawning period is indicated, spawning be-

ing most intense from June throughAugust. Partially spawned individuals were found all
the y"u" around but most of the population was in this condition from August through
January when the abundance of early active and late active specimens rose sharply.


