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ABSTRACT

Asiatic hard clam, Meretrix meretrix is the indigenous bivalve species found in
Sabah coastal areas and is an important species for artisanal fisheries, especially in
Marudu Bay, Sabah. The present study was carried out to understand some aspects
of reproductive biology such as sex ratio, stages of gametogenesis, temporal
variation in the condition and gonad index of the clam, and its relationship to the
environmental parameters of its habitat. This study was also conducted to
determine the main diet of the clam and the composition of food particles in the
clam’s gut in comparison to the food particles found in their habitat and the
environmental parameters that could affect and influence the clam’s feeding
selection. Sampling was carried out once a month for 10 months (May 2019 to
February 2020) in Marudu Bay. Clam samples, environmental parameters, and
water samples (for seston, chlorophyll-g, water quality and nutrients analyses,
phytoplankton, and zooplankton) were collected at the sampling areas during the
study period. Clam samples were collected using clam fishing gear called the ‘kerek’
from the substrate during low tide. A total of 750 clam samples were used for
condition index, histological, and gut content analyses. Results showed that the
clam is dioecious and its population in the bay was slightly skewed toward female
clams (1.058:1) with the occurrence of hermaphrodite at an extremely low
frequency (0.4%). The clam was noted to spawn throughout the year with two
spawning peaks (June to July and November to December). There was a significant
difference (p<0.05) in the condition index between the months. However, there
was no significant difference (p>0.05) observed in the gonad index between the
months and between the male and female gonad index. The condition index of the
clam in the bay fell into the moderate fatness category and showed correlations
with various environmental variables while the gonad index only showed a
correlation with total rainfall. As for the gut content analysis, a total of 1475 food
particles were found in the gut of the clams. Phytoplankton and zooplankton
represented about 80.9% and 19.1% of the total food particles found in the gut of
the clam, respectively. Meanwhile, diatoms were the most common food particles
ingested by the clams with 95.81% and dinoflagellates only contributed about
4.19% of the total phytoplankton ingested by the clams. The five most dominant
phytoplankton genera found in the gut of the clam throughout the study period are
Nitzschia (24.71%), Coscinodiscus (23.38%), Cyclotella (13.70%), Pleurosigma
(12.68%) and Navicula (8.95%). The dendrogram of similarity showed that the
phytoplankton compositions of the water sample and in the gut were grouped
apart. The result of One-way ANOSIM analysis comparing phytoplankton
composition in gut and water samples indicated significant differences for all the
months with an overall average R: 0.717, p<0.001. In general, the similarity
between phytoplankton in the water sample and the gut was less than 50% and
two clusters can be depicted. Cluster 1 had a similarity of less than 40% and
Cluster 2 had a similarity between 40-50%. Cluster 1 (September 2019) showed
significant differences between phytoplankton in the water sample and in the gut
with R: 0.924, p<0.008. Meanwhile, all months except September 2019 were
grouped in Cluster 2 with R: 0.788, p<0.008. The result from PERMANOVA
following distance based linear modeling (DistLM) demonstrated that phytoplankton
cell density, phytoplankton diversity, chlorophyll-g, and salinity were significantly
(p<0.05) influencing the selective feeding behavior of the clam. The clam



population in Marudu Bay is balanced with a reproductive pattern that is active all
year round and has short resting and spent stages like most tropical bivalves due to
the high annual temperature and constant food supply throughout the year. The
clam showed obvious selective feeding behavior where more benthic diatoms were
selected as food due to the nutritional content, quantity, and availability of benthic
diatoms in the clam's natural habitat. Although various environmental parameters
influence the clam in various aspects, it was discovered that salinity is an important
parameter influencing not only the condition index and gonad index but also the
clam's selective feeding behavior. Drastic changes in salinity affect the condition
and trigger the spawning of the clam. Meanwhile, at certain salinities, the feeding
physiology of the clam, such as filtration and ingestion rate, reaches an optimum
range and the clams actively filter food from the water column, making their
selective feeding behavior more efficient.
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ABSTRAK

POLA REPRODUKTIF DAN ANALISIS KANDUNGAN PERUT KERANG
ASIATIK Meretrix meretrix (Linnaeus, 1758) DI TELUK MARUDU,
MALAYSIA

Meretrix meretrix ialah spesies bivalvia yang teradapat di kawasan persisiran pantai
Sabah dan merupakan spesies penting dalam perikanan kecil-kecilan terutamanya
di Teluk Marudu, Sabah. Kajian ini djjalankan untuk memahami beberapa aspek
biologi pembiakan kerang seperti nisbah jantina, peringkat gametogenesis, variasi
temporal indeks kondisi dan gonad kerang, serta korelasinya dengan parameter
persekitaran habitatnya. Kajian ini juga dijalankan untuk menentukan diet utama
kerang dan komposisi partikel makanan dalam perut kerang berbanding dengan
partikel makanan yang terdapat di habitatnya serta parameter persekitaran yang
boleh mempengaruhi pemilihan makanan kerang. Persampelan dijalankan sebulan
sekali selama 10 bulan (Mei 2019 hingga Februari 2020) di Teluk Marudu. Sampel
kerang, parameter persekitaran, dan sampel air (untuk analisis seston, klorofil-a,
analisis kualiti dan nutrien air, fitoplankton dan zooplankton) diambil di kawasan
persampelan sepanjang tempoh Kkajian. Sampel kerang diambil dari substrat
mengunakan kerek iaitu sejenis alat mencari kerang semasa air surut. Sebanyak
750 sampel kerang digunakan untuk analisis indeks kondisi, histologi dan
kandungan perut. Keputusan kajian menunjukkan kerang adalah dioecious dan
populasi kerang adalah pencong sedikit ke arah kerang betina (1.058:1) dengan
kehadiran hermafrodit pada frekuensi yang sangat rendah (0.4%). Kerang didapati
menjalankan pemijahan sepanjang tahun dengan dua puncak utama (Jun hingga
Julai dan November hingga Disember). Terdapat perbezaan signifikan (p<0.05)
dalam indeks kondisi kerang di antara bulan. Walau bagaimanapun, tiada
perbezaan signifikan (p>0.05) yang diperhatikan di antara indeks gonad setiap
bulan dan di antara indeks gonad jantan dan betina. Indeks kondisi kerang di
kawasan Kajian berada dalam kategori sederhana gemuk dan menunjukan korelasi
signifikan terhadap pelbagai faktor persekitaran manakala indeks gonad pula
didapati hanya menunjukkan korelasi signifikan terhadap jumlah taburan hujan.
Untuk analisis kandungan perut pula, sebanyak 1475 partikel makanan dijjumpai di
dalam perut kerang. Fitoplankton dan zooplankton masing-masing mewakili
sebanyak 80.9% dan 19.1% dari jumlah keseluruhan partikel makanan yang
dijumpai di dalam perut kerang. Sementara itu, diatom merupakan makanan
dominan yang dimakan oleh kerang dengan 95.81% dan dinoflagelat pula hanya
menyumbang 4.19% daripada jumiah keseluruhan fitoplankton yang dimakan oleh
kerang. Lima jenis genera fitoplankton yang paling dominan dijumpai di dalam
perut kerang sepanjang tempoh kajian adalah Nitzschia (24.71%), Coscinodiscus
(23.38%), Cyclotella (13.70%), Pleurosigma (12.68%) dan Navicula (8.95%).
Dendrogram persamaan menunjukkan bahawa komposisi fitoplankton dalam
sampel kandungan air sekitar dan perut dikelompokkan secara berasingan.
Keputusan analisis One-way ANOSIM yang membandingkan komposisi fitoplankton
dalam sampel kandungan perut dan air sekitar menunjukkan perbezaan signifikan
setiap bulan dengan purata keseluruhan R: 0.717, p<0.001. Secara amnya,
persamaan antara sampel kandungan air sekitar dan perut adalah kurang daripada
50% dan dua kluster utama boleh dikenalpasti. Kluster 1 dengan persamaan
kurang daripada 40% dan Kluster 2 dengan persamaan antara 40-50%. Kluster 1
(September 2019) menunjukkan perbezaan signifikan antara sampel kandungan air
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sekitar dan perut dengan R: 0.924, p<0.008. Sementara itu, semua bulan kecuali
September 2019 berada di dalam Kluster 2 dengan R: 0.788, p<0.008. Keputusan
dari PERMANOVA dalam pemodelan linear berasaskan jarak (DistLM) menunjukkan
bahawa kepadatan sel fitoplankton, indeks diversiti fitoplankton, klorofil-a dan
saliniti secara signifikan (p<0.05) mempengaruhi tingkah laku pemakanan terpilih
kerang. Populasi kerang di Teluk Marudu adalah seimbang dengan corak
pembiakan yang aktif sepanjang tahun dan mempunyai peringkat ‘resting’ dan
spent’ yang singkat seperti kebanyakan bivalvia tropika yang lain disebabkan suhu
tahunan yang tinggi dan bekalan makanan yang berterusan sepanjang tahun.
Kerang menunjukkan tingkah laku pemakanan terpilih yang jelas dimana lebih
banyak diatom bentik dipilih sebagai makanan disebabkan kandungan nutrisi,
kuantiti, dan ketersediaan bentik diatom di habitat semula jadi kerang. Walaupun
pelbagai parameter persekitaran mempengaruhi kerang dalam pelbagai aspek,
saliniti merupakan parameter penting yang mempengaruhi bukan sahaja indeks
kondisi dan indeks gonad tetapi juga tingkah laku pemakanan terpilih kerang.
Perubahan drastik dalam saliniti mempengaruhi kondisi dan mencetuskan
pemijahan kerang. Manakala pada saliniti tertentu, fisiologi pemakanan kerang,
seperti kadar penapisan dan pengingesan, mencapai kadar optimum dan kerang
secara aktif menapis makanan dari kolum air dan tingkahlaku pemakanan terpilih
kerang menjadi lebih cekap.
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CHAPTER 1

INTRODUCTION

1.1 Asiatic Hard Clam, Meretrix meretrix

Asiatic hard clam, Meretrix meretrix is commonly found buried in muddy-sand
bottoms of intertidal and sublittoral waters to a depth of about 20m. M. meretrix
distribution is widespread in the Indo-West Pacific, from East Africa to the
Philippines, north to Japan, and south to Indonesia (Poutiers, 1998). Besides M.
meretrix (Linnaeus, 1758), the genus Meretrix also consists of 8 other generally
recognized species including M. casta (Chemnitz, 1782), M. lusoria (Roding, 1798),
M. lyrata (Sowerby, 1851), M. lamarckii (Gray, 1853), M. petechialis (Lamarck,
1818), M. planisulcata (Sowerby, 1851), M. attenuate (Dunker, 1862) and M. ovum
(Hanley, 1845) (OBIS Indo-Pacific Molluscan Database, 2006). In general, M.

meretrix taxonomy is classified as below.

Phylum: Mollusca

Class: Bivalvia

Sub-class: Autobranchia
Superorder: Imparidentia
Order: Venerida

Super Family: Veneroidea
Family: Veneridae (Gray)
Subfamily: Meretricinae
Genus: Meretrix
Species: meretrix

Scientific name: Meretrix meretrix (Linnaeus, 1758)



Meretrix meretrix is widely distributed along the coastal and estuarine areas
in China, Korea, Vietnam, and India (Jayabal & Kalyani, 1986; Wang et al., 1993;
Chowdhury et al., 2019). The clam is widely cultured in countries like China (Tang
et al.,, 2006; Huang et al., 2016) to support the consumption demand. In Vietnam,
the main contributor to the total production of this species is from the northern
coastal provinces, and the clam is one of the indigenous mollusks in the region
(Phuang et al, 2001). In Malaysia, M. meretrix can be found in Sarawak as
mentioned in Hamli et al (2012). Besides that, M. meretrix is reportedly found in
Pahang (Abdul Halim et a/.,, 2018), Johor (Azmi et al, 2014), and Penang (Abdul
Halim et al, 2019). The clam is also commonly distributed throughout Sabah
coastal areas and estuaries. In the West Coast Sabah, the clam inhabited the rural
estuary in Kota Belud and the urban estuary in Kota Kinabalu (Abdullah et al.,
2007). According to Tan et al. (2017), M. meretrix is the most dominant species in
the sandy shoreline of Marudu Bay, Northeast Coast Sabah. While in the East Coast
Sabah, the clam can be found in Tawau (Mohd Hamdan et a/., 2017) and is one of
the species collected by the villagers from the fishing villages in Semporna as

reported by Ridzwan and Kaswandi (1995).

Meretrix meretrix is a commercially important species in coastal areas of
South and Southeast Asia (Liu et a/, 2006). The community favours the clam for its
good taste and high nutritional content including protein (9.39%), Eicosapentaenoic
Acid, EPA (2.03%), and Docosahexaenoic Acid, DHA (6.06%) (Gifari, 2011).
Besides the high protein content, M. meretrix is also reported to have valuable
medical properties such as antioxidants, antitumors, to reduce swelling,
detoxification, and other functions (Xie et al, 2012). In recent years, many
bioactive components such as peptides, enzymes, and enzyme inhibitors have been
identified and purified from the clam which is responsible for its nutritional and

medicinal functions (Xie et al., 2012).

Besides that, M. meretrix is also used as a bioindicator. They are filter
feeders and thus able to accumulate toxic substances from water and sediment due
to its high bioconcentration factors (BCFs) values especially for Cadmium and Zinc
(Abdullah et al, 2007). Mollusks such as bivalves are good bioindicators of heavy

metal pollution because they can collect the heavy metal elements in their tissue



