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GONAD DEVELOPMENT, GONAD INDEX, AND CONDITION INDEX OF 
MARSH CLAM Polymesoda expansa Mousson FROM MIRI, MALAYSIA  

By

AZIMAH BINTI ABDUL RAHIM 

October 2014 

Chairman:  Mohd Hanafi Idris, PhD 
Faculty:  Agriculture and Food Sciences (Bintulu) 

The research study was conducted at Kelulit mangrove, Sibuti, Miri from October 
2010 until November 2011. Monthly sampling has been done by recording and 
collecting data and samples from the study area. Further analysis for histological 
studies and condition index were brought to the laboratory at UPM Bintulu Campus. 

The IUCN Red list has stated Polymesoda expansa as a least concern. Thus, little 
information is available on P. expansa found in Sarawak especially on the 
reproductive cycle. The aim of this research study was to conduct histological 
investigations that lead to explain the dynamics of gonad development, gonad index, 
and condition index of P. expansa at Miri, Sarawak. 

Study on the gametogenesis of P. expansa from Miri, Sarawak was performed using 
histological sections. Several steps involved in the processes including dissection, 
fixation, dehydration, clearing, infiltration with paraffin wax, embedding in paraffin 
wax, sectioning, staining and mounting. Microscopic observations of gonad sections 
determine that P. expansa was dioecious species. Five (5) stages of gonad 
development has been carried out and clearly identified for both male and female 
which includes rest, development, mature, spawn and spent. The rest phase in P.
expansa in this study was observed only in the months of January, May June and 
October. On the other hand, development, mature spawning and spent phases were 
observed throughout the study period. Thus, active and continuous gametogenesis 
was recorded throughout the study period since the tropical conditions are fairly 
stable throughout the year. 

In the determination of gonad index (GI), the same sample population was used. 
Sixty nine (69) individuals were prepared for histological analysis. GI was figured by   
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following a numerical grading system in order to obtain a quantitative value that 
represents the reproductive activity.  The GI calculation was (the numbers in each 
stage) x (numerical ranking of that stage) / (number of animals in the samples). The 
values for pooled of P. expansa were higher in November 2010 and November 2011 
with the value of 2.3 and 2.8, and were lower in December 2010, June and 
September 2011 with the value of 1.5 and 1.0. The GI values indicated that the 
reproduction was inactive in December, June and September while gametogenesis 
started in January and continued until July. GI has shown a seasonal trend along the 
year with high values related with mature individuals while the fall of GI values due 
to spawning activity. Spawning between sexes was fairly synchronized except in 
January, and September. Between March and July, spawning activities was occurred 
mainly in males but it shown less in September. However, no significant differences 
(p>0.05) of GI was found between males and females since spawning activities were 
all year around.  

Condition index (CI) of P. expansa was concurrently studied with the histological 
observations. Fifty five (55) specimens were processed in the size range of 65-75 
mm due to the average of collected samples. CI that was generally used to 
characterize the physiological activity of organisms was calculated by [dry tissue 
weight (g) / (dry shell weight (g) x 100]. The values varied from 1.8% in December 
2010 to 3.4% in October 2011, which could be categorized as thin to moderate. In 
present study, the CI showed a clear relationship with the reproductive cycle 
(gametogenesis). The close correlation between condition index and gonad 
development indicated that condition index is a good indicator for identifying the 
gonad maturity of P. expansa.
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Sarjana Sains 

PERKEMBANGAN GONAD, INDEKS GONAD, DAN INDEKS KEADAAN 
PADA LOKAN SELAM Polymesoda expansa Mousson DARI MIRI, 

MALAYSIA  

Oleh 

AZIMAH BINTI ABDUL RAHIM 

Oktober 2014 

Pengerusi: Mohd Hanafi Idris, PhD 
Fakulti: Sains Pertanian dan Makanan (Bintulu) 

Kajian penyelidikan telah dijalankan di kawasan bakau Kelulit, Sibuti, Miri dari 
Oktober 2010 sehingga November 2011. Persampelan bulanan telah dilakukan 
dengan merekod dan mengumpul data dan sampel dari kawasan kajian. Analisis 
lanjutan untuk kajian histologi dan indeks keadaan telah dibawa ke makmal di UPM 
Kampus Bintulu.

Senarai Merah IUCN menyatakan Polymesoda expansa sebagai kurang perhatian. 
Oleh itu, hanya sedikit maklumat boleh didapati mengenai P. expansa yang terdapat 
di Sarawak terutamanya pada kitaran pembiakan. Tujuan kajian penyelidikan ini 
adalah untuk menjalankan siasatan histologi yang membawa kepada penerangan 
dinamik berkenaan perkembangan gonad, indeks gonad, dan indeks keadaan P.
expansa di Miri, Sarawak.

Kajian pada gametogenesis P. expansa dari Miri, Sarawak dilakukan melalui 
pembahagian histologi. Beberapa langkah terlibat dalam proses termasuk 
pembedahan, penetapan, dehidrasi, pembersihan, penyusupan dengan lilin parafin, 
penerapan dalam lilin parafin, pembahagian, mewarnakan dan penyediaan. 
Pemerhatian mikroskop pada pembahagian gonad mendapati P. expansa adalah 
spesis dioecious. Lima (5) peringkat perkembangan gonad dilaksanakan dan 
dikenalpasti dengan jelas untuk kedua-dua jantan dan betina termasuk rehat, 
perkembangan, matang, pembenih dan pembebasan. Fasa rehat pada P. expansa
dalam kajian ini hanya didapati dalam bulan Januari, Mei Jun dan Oktober. 
Manakala, fasa perkembangan, matang, pembenihan dan pembebasan didapati 
sepanjang tempoh kajian. Oleh itu, gametogenesis yang aktif dan berterusan 
dicatatkan sepanjang tempoh kajian memandangkan keadaan tropika adalah stabil 
sepanjang tahun.-------------------------------------------------------------------------------    
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Dalam penentuan indeks gonad (GI), populasi sampel yang sama digunakan. Enam 
puluh sembilan (69) individu disediakan untuk analisis histologi. GI diperolehi 
berdasarkan sistem penggredan bagi mendapatkan nilai kuantitatif yang mewakili 
aktiviti pembiakan. Pengiraan GI adalah (nombor dalam setiap peringkat) x 
(kedudukan berangka tahap) / (bilangan haiwan dalam sampel). Nilai terkumpul 
untuk P. expansa adalah lebih tinggi pada bulan November 2010 dan November 
2011 dengan nilai 2.3 dan 2.8, dan adalah lebih rendah pada bulan Disember 2010, 
Jun dan September 2011 dengan nilai 1.5 dan 1.0. Nilai GI menunjukkan bahawa 
pembiakan kurang aktif pada bulan Disember, Jun dan September manakala 
gametogenesis bermula pada bulan Januari sehingga bulan Julai. GI telah 
menunjukkan corak bermusim di sepanjang tahun dengan nilai tinggi berkaitan 
dengan individu matang manakala kejatuhan nilai GI disebabkan oleh aktiviti 
pembenihan. Pembenihan antara jantina berlaku serentak kecuali pada bulan Januari 
dan September. Antara Mac dan Julai, aktiviti pembenihan berlaku terutama pada 
jantan tetapi kurang pada bulan September. Walau bagaimanapun, tiada perbezaan 
yang signifikan (p> 0.05) didapati pada GI antara jantan dan betina memandangkan 
aktiviti pembenihan adalah sepanjang tahun. 

Indeks Keadaan (CI) P. expansa dikaji serentak dengan pemerhatian histologi. Lima 
puluh lima (55) spesimen diproses dalam pelbagai saiz diantara 65-75 mm mengikut 
purata sampel. CI amnya digunakan untuk mencirikan aktiviti fisiologi organisma 
dikira mengikut [berat tisu kering (g) / (berat cengkerang kering (g) x 100]. Nilai 
pelbagai dari 1.8% pada bulan Disember 2010 ke 3.4% pada bulan Oktober 2011, 
boleh dikategorikan sebagai sederhana. Dalam kajian ini, CI menunjukkan hubungan 
yang jelas dengan kitaran pembiakan (gametogenesis). Hubung kait antara indeks 
keadaan dan perkembangan gonad menunjukkan bahawa keadaan indeks adalah 
petunjuk yang baik untuk mengenal pasti kematangan gonad pada P. expansa. 
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CHAPTER 1 

GENERAL INTRODUCTION 

Background of the Study 

Molluscs evolved about 600 million years ago during the Cambrian period based on 
the geological time scale. In 1757, the name ‘Mollusca’ was first used by Linnaeus 
(Shanmugam and Vairamani, 2009). The number of species identified under Phylum 
Mollusca vary between 80 000 to 100 000 (Shanmugam and Vairamani, 2009). 
Molluscs have colonized all possible habitats from deep sea to high mountains. They 
are also found throughout most mangrove habitats where they live on and in the 
muds, forage in the canopy or firmly attached to the roots (Shanmugam and 
Vairamani, 2009; Kathiresan and Bingham, 2001).  

The muddy or sandy sediments of the mangrove are the home of variety of 
epibenthic, infaunal, and meiofaunal of invertebrates. Among this invertebrates, 
Polymesoda expansa known as lokan selam or mangrove clam lives in the 
mangroves habitats. The diagrammatic profile of a mangrove swamp (Figure 1.1) 
shows a scheme of the essential features of animal zonation. The height where 
bivalve can be found is between five to nine feet. This is due to the physical 
conditions which strongly influenced to the nature of the molluscs community. Jiang 
and Li (1995) found that density and biomass of the molluscs which including 52 
species were consistently highest in the high tide zones and decreased with depth in 
the mangroves of China.  

Figure 1.1. Diagrammatic profile of a mangrove swamp showing a scheme of the 
essential features of animal zonation (Shanmugam and Vairamani, 2009)  
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Molluscs of the class bivalvia are identified mainly based on the shell 
morphology. The shell comprises of two valves; equivalve (similar valves) as in 
clams and mussels and inequivalve (dissimilar valves) for example, scallops. The 
outer surface may be striated or ribbed and usually covered with a periostracum. 
An elastic ligament which leaves a scar on the hinge used to hold the two valves 
together. The hinge may in addition have interlocking ridges called the dentition, 
which similar to teeth. 

Interiorly, the two valves are attracted to the soft body by adductor muscles that 
produce scar on its surface. Each valves with a single such scar known as 
monomyarian shell while if there are two scars on each valve, the shell is 
dimyarian. A projection of the shell called umbo is located at the hinge which 
always points towards the anterior end of the bivalves. Thus, an anterior adductor 
scar and a posterior adductor scar in dimyarian shell are distinguishable 
(Shanmugam and Vairamani, 2009; Poutiers, 1998; Morton, 1984). 

Along the Indo-Pacific coast region, edible marine bivalves such as clams, 
mussels and oysters are widely distributed, commercially important and form a 
sustainable fishery. They provide cheap source of nutritious food and as an 
essential part of protein in the diet of the coastal people (Hamli et al., 2012; 
Rinyod and Rahim, 2011; Yap et al., 2009; Dwiono, 2003; Ingole et al., 2002).  

In Malaysia, brackish water species accounted for more than 70 percent of the 
total aquaculture production in terms of value and quantity (FAO, 2014). Marine 
and brackish water aquaculture production recorded an increase of more than 20 
percent in comparison to production in 2002. The culture of bivalve molluscs is 
the easiest with few overheads and has proved very successful among the poor 
households in coastal areas. Figure 1.2 shows total aquaculture production in 
Malaysia according to FAO statistics.  

Figure 1.2. Reported aquaculture production in Malaysia from 1950 (FAO, 2014)
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The mangrove clam Polymesoda (Geloina) Gray 1842 from the family Corbiculidae, 
is a typical mangrove bivalve, which are abundantly available lives semi-infaunally 
on the soft sediment (mostly in the tidal flats of Southeast Asia) that accumulates 
around the roots of the mangrove trees (Rizal, 2010; Gimin et al., 2004; Dwiono, 
2003; Ingole et al., 2002; Poutiers, 1998; Kubo and Kurozumi, 1995; Morton 1984, 
Morton, 1976).       

The distribution of P. bengalensis (Lamarck, 1818) is restricted to the Bay of Bengal, 
whereas P. erosa (Solander, 1786) and P. expansa (Mousson, 1849) are known to 
have wider, somewhat overlapping distribution in the Indo-Pacific region (Morton, 
1984). P. erosa is an indigenous communities living in the coastal regions of 
northern Australia (Gimin et al., 2004) while in Papua province, Polymesoda (syn. 
Geloina spp. (Morton, 1984) is an important part in traditional ceremonies and even 
believed to have properties to increase stamina and accelerate the healing process 
(Anonymous, 1999 in Dwiono, 2003).  

P. radiata (Hanley, 1844) commonly known as green clam in mud, is circulated from 
Mazatlan, Mexico to Ecuador and is found mainly near the mouths of rivers (Morton, 
1985). In addition, according to Bachok et al. (2003), Geloina coaxans is the only 
bivalve species that coexists successfully in the mangrove forest of Oura, Okinawa 
together with other invertebrates such as crabs and gastropods. 

In Sarawak, Malaysia, three species of mangrove clams are known to occur: P.
bengalensis (lokan bakau), P. erosa (lokan apung) and P. expansa (lokan selam) 
(Hamli et al., 2012; Ingole et al., 1994). P. expansa is distinguished from the other 
two species by few physical features such as colour and shape (Dwiono, 2003; 
Morton, 1984). 

Statement of the Problems 

The status of P. expansa is least concern regarding to The IUCN Red List of 
Threatened Species. Currently, it is unlikely to be impacted by any major threat 
processes. However, due to a destruction of mangrove habitats by natural disaster 
and human activity, this species could have serious effects in the future. Since P. 
expansa is endemic to the mangrove habitats, more efforts and strategies are needed 
to conserve this species. The practice of gleaning activity on shorelines might results 
uncontrolled exploitation of the natural stocks and put considerable pressure on the 
sustainability, especially on fishery management and aquaculture (Rinyod and 
Rahim, 2011; Ingole et al., 2002).  

Little information is available on P. expansa reproductive cycle in Sarawak. This 
information will provide important knowledge for restocking of mangrove clam in 
their habitats. Because of that, it is vital to ascertain the reproductive cycle of P.
expansa as a first step to its sustainable management and ultimate culture (Adjei -  
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Boateng and Wilson, 2011; Rinyod and Rahim, 2011). Such data are necessary for 
assessing sustainable exploitation rates for this species, as well as for estimating its 
potential capacity for sustainable aquaculture production (Mladineo et al., 2007). 

In this research study, the findings will be based on the more in detail research on a) 
studies on the accurate determination of the gonad development through histology 
techniques; b) studies on condition index and how it could be linked to 
environmental factors;  

Objectives

The objectives of this research are: 

a) to describe gonad development of P. expansa through histological technique 
and gonad index (GI); 

b) to determine the gonad stages through condition index (CI) of P. expansa. 
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