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Abstract: The angelwing clams or known locally as ‘siput mentarang’; Pholas orientalis, can be one of the potential
species for aquaculture industries in Malaysia and hopefully in near future it can be an option for farmers to culture the
clams. As most bivalves culture system, the seeds are obtained naturally and collected by farmers on certain time of the year.
Thus, knowledge of the clam’s life-cycle will be advantageous in aquaculture especially in farm’s planning and scheduling.
Three locations in Kedah, Perak and Selangor have been selected for this study. The samples were collected periodically
using a systematic sampling method starting from March 2015 to April 2016 at each sampling sites. Plankton net was used
to collect the eggs, larvae and umbo stage of P. orientalis, while soil samples were collected at depth of about 0.5m using a
scoop for juvenile and adult stage analysis, and soil quality. The study showed that the three locations had different seasonal
timing of the life-cycle developmental stages of the clams. A combination of abiotic factors such as temperature, salinity,
dissolved oxygen and nutrient may contribute to the differences of the developmental stages of P. orientalis within the study
areas. It was found that the abundance of food (planktons) contributed greatly to the life cycle timing of the clams.
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. Introduction

Pholas orientalis (Gmelin, 1791) or known locally as ‘Siput Mentarang’ (Malay) is a marine bivalve characterized
by two thin elongated shells hinged on a flexible ligament; which located in the sagittal plane. It is edible and marketed
either fresh or dried in Hongkong, Malaysia, Thailand and Philiphines [1] [2] [3] [4] [5] [6]. According to [7], it becomes
one of the highly sought bivalves in Central Philippines due to its juicy, sweetly and tenderly meat. In Malaysia, it is
commercially important and highly valued food especially among the Malays communities yet its biology is poorly
understood [8].

The natural habitat of the clams was closed to the river mouth where the polluted effluents from the industries and
houses were discharged directly into the sea [9] The clams were found to burrow in compact muddy sand in intertidal and
sublittoral areas to a depth of about 0.3m. Previous study reported that environmental conditions influence the reproductive
activities of marine invertebrates, especially bivalves; their gonads may have considerable variations between places and
times in terms of years [10] [11] [12] [13] [14]. Another important environmental parameter that could affect the
reproduction of the bivalve species is the breeding pattern. It appears to have variation that linked with the differences of the
temperature and food supply [15] [16] [17] [18].

Over fishing of the clams may lead to extinction and currently in Malaysia, it has been hard to find and considered
as seasonal species [8]. The only feasible way to overcome this problem is by initiating mass production through
aquaculture. Since seeds could be obtained naturally, knowledge on a life cycle of a particular bivalve is important to farmer
especially during seeds collection. Farmers need to know when and where to collect the seeds so that they will be able to
plan and organize their farming schedule. Other biological information essential in aquaculture will be the size and time of
maturity, spawning, growth rate and its distribution. Hence, the study on the life cycle of this species is necessary to obtain
in-depth knowledge that may lead to sustainable production of the bivalves. Study of the life cycle of the clams has been
conducted in the coastal zone of bays in Perak, Kedah and Selangor which were located at the West Coast of Peninsular
Malaysia. The bays area are characterized by muddy and sandy sediments with abundant natural invertebrates.

P. orientalis, can be one of the potential culture species for aquaculture industries in Malaysia and in near future it
can be an option for for farmers to cultivate them. Thus, knowledge of the clam’s life-cycle will be advantageous in
aquaculture especially in planning and scheduling of the farm. The aims of this study are therefore, to determine the life
cycle of P. orientalis at three locations in Perak, Kedah and Selangor and determining the ecological parameters that may
affect their existence.

Il. Materials And Methods
2.1 Sampling locations
The study was conducted in three coastal states of Malaysia, namely, Kedah, Perak and Selangor (see Map 1.0).
Location in each state such as Yan, Kedah (Lat: 5.81°, Long: 100.36°) and Sekinchan, Selangor (Lat: 3.49°, Long: 101.09°)
were selected based on information given by the locals about the existence of the clams whereas in Lekir, Perak (Lat: 4.11°,
Long: 100.73°), the clams were newly discovered and published survey was so far absent.
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Map 1: Map of study and sampling location in (1) Yan, (2) Lekir and (3) Sekinchan ( Adapted from [9])

2.2 Collection and analysis of the sample

Data collection of the clams was done once a month for duration of fourteen months starting from March 2015 to
April 2016 at each sampling site. A systematic sampling method was used where it was done at five points in each sampling
sites. Soil samples were collected at 0.5 m depth using a scoop and kept in plastic bags. The scooping was done gently to
prevent the shell from breaking. The physico-chemical parameters of water such as temperature, salinity, pH, DO and TDS
were analyzed in situ using multisensory probes YSI Pro Plus. Soil property such as total N (%) and total C (%) were
analysed using Leco CNS-2000 automated dry combustion instrument [19], extractable P (ug/g) and K (ug/g) were analysed
using Bray-2 and ammonium acetate extraction method respectively [20]. Meanwhile, planktonic animals were sampled
using plankton net with the mesh size of 100 um. Although the purpose is to sample the egg with the sizes of 50 + 0.24pum,
larvae and umbo, the greater mesh size of plankton net was used due to the water condition which was eutrophic.
Consecutively, the larger mesh size also had prevented clogging inside the plankton net. The samples collected through
plankton net were transferred into the sampling bottle by dipping the net into the bottle containing seawater which was
collected at the sampling point. The bottle was then labeled and kept in a storage box before transferred to laboratory for
observation and identification of the eggs and microorganism present in water samples.

I11. Results And Discussions

The life cycle of the clams generally can be divided into five stages which are egg, larvae, umbo, juvenile and
adults [21]. The fertilization of the eggs occurs externally [22] and in the water surrounding the adults [23]. According to
[21], about 1 to 2 million of eggs released by a spawner at a time depending on its size. As pointed out by [24], the diameter
of the mature eggs is 50 + 0.24pum and the shape is spherical.

The study showed that the three locations had different seasonal timing the of the life-cycle of P.orientalis. During
sampling, only three stages were easily identified, which were; eggs, juvenile and adult stage whereas the researchers were
unable to identify the larvae and umbo stages. To complete the cycle, studies by [22] and [24] done in captivity were referred
and presented in table 1, table 2 and table 3. In Yan and Lekir, eggs released between July 2015 to December 2015 and
between March 2015 to August 2015 respectively. In both locations, the eggs developed into juvenile after a month being
released. Three months are required for the juvenile to develop into adult stage in these two locations. Meanwhile, in
Sekinchan, eggs released between December 2015 to January 2016 and juvenile was found in January 2016. Adult stage was
observed after two months of juvenile stage. The complete cycle of the developmental stage of P. orientalis in Sekinchan
was found to be faster compared to other sites. Data collected showed that, in Sekinchan, it took only four months for the
eggs to develop into adult stage. Meanwhile, in Yan and Lekir, it took about five months for the egg to develop into adult
stage.

Table 1: The developmental stages of Pholas orientalis in Yan, Kedah.

Stages Month Year
Adult Juvenile | Umbo Larvae Egg
March 2015
April
May
June
v v v July
v 7 v v August
v v v v September
v v v v October
v v v v v November
v 4 4 v v December
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v v January 2016
v February
v March
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Table 2: The developmental stages of Pholas orientalis in Lekir, Perak.
Stages Month Year
Adult Juvenile Umbo Larvae g

v v

m
(o}

March 2015
April

May

June

July

NIEN EN ENIEN

NIENIENIENIEN
NIENIENIEN
NIEN ENIEN

August

September
October

SISISISN]S

November

December
January 2016
February
March
April
May

Table 3: The developmental stages of Pholas orientalis in Sekinchan, Selangor.
Stages Month Year
Adult Juvenile Umbo Larvae Egg

March 2015
April

May

June

July
August
September
October
November
v v v December

V4 v v v January 2016

v February

v March
v April
v May

Three groups of microorganism consists of zooplankton, phytoplankton and protozoa were observed in water
samples from Kedah, Perak and Selangor. Phytoplankton (microalgae) was the largest group being observed with two
phylum; dinoflagellate and diatoms (see Table 4) A total number of 38 species of microalgae from 27 genus were identified
from water samples. According to [21] the growth of P. orientalis in natural habitat was found to accelerate with the present
of high primary productivity. In this study, high protein content microalgae; Chaetoceros sp., Skeletonema sp. and Isochrysis
sp. were found to be present in all water samples. Previous studies by [25] [26] [27] [28] reported that the growth of juvenile
clam was better when fed with centric diatom such as Skeletonema costatum and Chaetoceros sp.

Figure 1 showed the cell density of microalgae in the study locations. As suggested by [29], P. orientalis needs
about 15 x 10* cells/ml to 29.4 x 108 cells/ml of microalgae when cultivated in the laboratory in order to survive. Apparently,
in all study locations, the amount of cell density meets the clam’s nutritional requirement where Yan recorded 1.9 x 10°
cells/ml to 2.6 x 10° cells/ml with the average of 2.28 x 10° cells/ml, Lekir recorded 1.88 x 10 cells/ml to 2.38 x 10° cells/ml
with the average of 2.18 x 10° cells/ml and Sekinchan recorded 1.5 x 10° cells/ml to 2.13 x 10° cells/ml with the average of
1.83 x 10° cells/ml.The life cycle timing of the clams in all three locations also occurred in tandem with the abundance of the
microalgae cells. In Yan, the spawners released their eggs (between July 2015 to December 2015) during the highest range
of cell densities between 2.38 x 10° cells/ml to 2.63 x 10° cells/ml. Similarly in both Lekir (March 2015 to August 2015) and
Sekinchan ( December 2015 to January 2016 ) the eggs were released when the cells density was between 2.0 x 10° cells/ml
to 2.5 x 10° cells/ml and 2.0 x 10° cells/ml to 2.13 x 10° cells/ml respectively.
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Table 4: List of microorganisms (phytoplanton, Zooplankton and protozoa) found in water samples from Kedah, Perak and
Selangor.

Selangor Perak Kedah Species Group
v Actinocyclus normanii Phytoplankton

v Actinoptychus octonarius

v Biddulphia capucina

v Ceratium furca

v Ceratoneis closterium

v Chaetoceros affinis

v v s Chaetoceros constrictus

v Chaetoceros densus

v Closterium navicula

v Coscinodiscus wailesii

v Dactyliosolen fragilissimus

Entomoneis ornate

<

Guinardia striata

<

v v Gyrosigma acuminatum Phytoplankton

Isochrysis galbana

<
[

Lauderia annulata

Melosira varians

NIENIENIEN

Navicula capitatoradiata

Navicula lanceolata

v nitzschia acicularis

Navicula gregaria

Navicula radiosa

NIENI ENI ENIENEEN

v Navicula tripunctata

v Nitzschia dissipata

v Nitzschia lorenziana

v Plagiotropis arizonica

v v Pleurosigma angulatum

v Prorocentrum micans

v Rhizosolenia setigera

Rhoicosphenia abbreviata

<

v Skeletonema costatum

Skeletonema marinoi

NIEN EGEN

Stephanodiscus reimeri

v Stephanopyxis nipponica

v Stephanopyxis turris

v Synedra capitata

v v Trieres chinensis

v Ulnaria ulna

V4 Daphnia sp. Zooplankton

v v v Ciliate sp. Protozoa
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Figure 1: The density of microalgae (x 10° cells/mL) in water samples in Kedah, Perak and Selangor with time in months.

The range of physico-chemical parameters and nutrient content of water and soil in study locations are shown in
table 5. Nutrient content in soil and water may affect the quality of microalgae. Carbon for example, may enhance the lipid
production of microalgae [30]. Nitrogen serves as important element for the growth and formation of protein and nucleic
acid in algal cell. Phosphate also important for the growth and metabolism of algae as it is a key component for the
phospholipid [31]. Meanwhile, potassium is required for the growth and reproduction of algae. It also helps in
photosynthesis process and in build up the cellulose [32]. The differences of these elements level in water and soil content
resulting in the differences of microalgae abundance in the study locations. For instance, it can be observed that in Yan, it
recorded highest value of C and NPK and consecutively the cells density at the average of 2.83 x 10° cells/ml. On the other
hand, Lekir recorded higher N and P than Sekinchan, being the latter recorded higher value of C and K. The average cells
density thus higher in Lekir (2.18 x 10° cells/ml) than in Sekinchan (1.83 x 10° cells/ml).

FAO suggested the following physico-chemicals parameters needed for optimum algal growth; salinity:20-24
mg/l, temperature: 16° C -35° C, and pH : 8.2-8.7 [33] and as pointed out by [34], feeding activity of matured P. orientalis
was found to be at optimum level at temperature of 27°C and salinity 35 ppt. Meanwhile, a better rate of filtration was
observed at temperature 28°C [35]. Stressor also can become a factor for slow developmental of P. orientalis. Minimization
of stressors factors with a combination of quality algae diets led to faster gonadal development and directly faster the
maturation of P. orientalis [30]. It is shown that the physico-chemicals parameters at the study sites were compatible for the
algal growth where the temperature was between 30°C - 34°C, salinity between 20°C - 29°C, and pH between 8 - 8.5. A
study by [36] on 108 marine invertebrates including 88 species of molluscs found that they survived well in DO ranges
between 4.40 mg/I-4.73 mg/l suggesting the oxygen levels 4.3 mg/l -9.9 mg/l recorded at the study sites were sufficient for
the clams.

Table 5: The range of physico-chemical parameters for the natural bed of P. orientalis in study sites.

Extractable pg/g Total % DO (mg/l) pH Salinity (ppt) Temperatur Location
K P N C e
1166 - 1374 159.6 - 196.7 0.13-0.16 1.11-1.38 6.02 — 8.66 8.11- 8.25 29.09 - 29.35 32.1-33.7 Kedah
475 - 769 102.9-113.4 0.05-0.11 0.76 - 0.94 4.32-9.93 7.76 - 8.48 20.08 - 21.68 30.3-344 Perak
759 — 841 96.6 —142.8 0.04 —0.06 6.14 -8.11 5.9-6.27 7.93-8.42 24.71 - 26.23 31.9-333 Selangor

IVV. Conclusion

The abundance of microalgea contributes towards the life cycle timing of the P. orientalis along with other abiotic
factors such as temperature, salinity, pH, dissolved oxygen and nutrients content. Low nutrient level in water and soil
resulted in low algal quality as its affect the biochemical composition of microalgae [37].This led in slower gonadal
development and indirectly slower the maturation of P. orientalis. The growth rate of P.orientalis mainly is affected by the
types and quality of microalgae which serve as a food source.

The cells density in all three study sites were found to be sufficient and accommodative for the development of the
life cycle of the clams although the quality may be varied resulting different timing and growth rate. Yan, Kedah which was
situated at the northern part of the country was more ‘fertile’ than Lekir, Perak and Sekinchan, Selangor. In Yan, high ranges
of C and NPK had resulted the highest average of cells density of 2.83 x 10° cells/ml compared to Lekir and Sekinchan
having average cells density of 2.18 x 10° cells/ml and 1.83 x 10° cells/ml respectively. Future study on the lifespan of P.
orientalis will be a major interest to study. The lifespans has attributes to cellular survival during various stressors which
called as ‘cell resilience’ [38]. Besides, according to [39], the lifespan of bivalve is important to maintain the population as it
involve the early and late onset of maturation with semelparous or iteroparous reproduction.
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