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Abstract 

 

Bivalves are one of the molluscan groups that play an important role in maintaining the ecological balance of mangrove ecosystems. Their 

presence and abundance are influenced by environmental conditions, making them useful indicators of habitat quality. This study aimed 

to determine the abundance of bivalves in the mangrove ecosystem of Pinotu Village, Toribulu District, Parigi Moutong Regency, Central 

Sulawesi, Indonesia. A quantitative descriptive approach was employed in this study. The research sites were selected using a purposive 

sampling technique based on the presence of suitable bivalve habitats. Sampling was conducted using the belt transect method at two 

observation stations, each covering an area of 500 m². Field sampling was carried out during low tide on 17–18 December 2025. 

Collected bivalve specimens were identified using taxonomic identification keys. In addition, environmental parameters, including water 

temperature, salinity, and pH, were measured. The collected data were analyzed using the species abundance index (R) and the Relative 

Abundance Index (RAI). The results revealed the presence of four bivalve species belonging to two orders and two families, namely 

Polymesoda erosa (39 individuals), Polymesoda expansa (19 individuals), Polymesoda bengalensis (38 individuals), and Anadara 

granosa (9 individuals), with a total of 105 individuals recorded. The species abundance index (R) value of 0.64 indicated a low level of 

bivalve abundance. The highest Relative Abundance Index values were observed for Polymesoda erosa (37.14%) and Polymesoda 

bengalensis (36.19%), both classified as highly abundant. In contrast, Anadara granosa exhibited the lowest relative abundance value 

(8.57%) and was categorized as having low abundance. 
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INTRODUCTION 
 

Indonesia has high diversity of abiotic environmental 

conditions, enabling the survival and adaptation of a 

wide range of organisms. One of the ecosystems that 

plays a crucial role in supporting the existence of diverse 

biota is the mangrove ecosystem (Manik, 2018). 

Indonesia is home to the largest mangrove forest area in 

the world, covering approximately 4.25 million hectares 

(Sani et al., 2019). Mangrove forests are coastal 

ecosystems that are strongly influenced by tidal 

fluctuations. These ecosystems are generally 

characterized by substrates composed of mud, sand, or a 

mixture of both (Indriyanto, 2019). Furthermore, 

mangrove forests are recognized as highly productive 

ecosystems and therefore play a vital role in supporting 

various forms of aquatic life. They provide essential 

habitats for feeding, reproduction, growth, and 

development of numerous aquatic organisms, including 

small fish, shrimp, gastropods, and bivalves (Erika et al., 

2022). 

Bivalves are among the most common aquatic 

organisms found in coastal areas, including mangrove 

ecosystems (Kurniawan, 2025). They belong to the class 

Bivalvia within the phylum Mollusca and are 

characterized by soft bodies enclosed within two 

calcareous shells. These organisms are widely distributed 

in coastal habitats, particularly in mangrove ecosystems. 

Their occurrence and distribution are strongly influenced 

by environmental factors, such as food availability, 

muddy-sandy substrates, and salinity levels (Mawardi et 

al., 2021). As sessile organisms, bivalves play significant 

ecological and economic roles in aquatic ecosystems 

(Fatonah et al., 2023). They are frequently used as 

indicators of aquatic environmental quality because their 

sedentary lifestyle makes them highly sensitive to 

environmental changes (Tala et al., 2022). In addition, 

bivalves possess considerable economic value as they are 

widely consumed as a protein-rich food source. Some 

species are also utilized for ornamental and decorative 

purposes (Samson & Kasale, 2020). In Indonesia, most 

economically important mollusks belong to the class 

Bivalvia, comprising approximately 20 commercially 
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valuable species. However, their high economic value 

often leads to overexploitation, which can result in 

declines in both the abundance and diversity of natural 

bivalve populations (Supratman et al., 2019). 

Bivalve abundance is closely associated with aquatic 

environmental conditions, which play an important role 

in determining community stability, organism density, 

and species composition. The presence of competitors, 

parasites, and predators may also influence community 

dynamics and stability. Low bivalve abundance may 

result from human activities that disrupt natural 

populations. Unsustainable utilization of natural 

resources without proper management can lead to 

environmental degradation and negatively affect 

community structure and ecosystem balance (Yuliana et 

al., 2020). Due to their high economic value, bivalves are 

often subjected to excessive harvesting, which may 

threaten the sustainability of their natural populations 

(Situngkir et al., 2022). In Pinotu Village, bivalves 

constitute an important source of livelihood for local 

communities. In addition, portions of the mangrove area 

have been converted into shrimp ponds, potentially 

causing degradation of natural bivalve habitats. Such 

environmental changes may affect the abundance and 

distribution of bivalve populations, thereby increasing 

the risk of population decline in the wild. Therefore, this 

study aimed to analyze the abundance of bivalves in the 

mangrove ecosystem of Pinotu Village, Toribulu District, 

Parigi Moutong Regency, Central Sulawesi, Indonesia.  

MATERIALS AND METHODS 
 

Study area 

This study employed a quantitative descriptive approach. 

The collected data were analyzed descriptively and 

presented as percentages, mean values, tables, and graphs 

without testing causal relationships among variables. The 

research was conducted in the mangrove ecosystem of 

Pinotu Village, Toribulu District, Parigi Moutong 

Regency, Central Sulawesi, Indonesia (Figure 1), on 17–

18 December 2025. The study sites and sampling 

locations were selected using a purposive sampling 

technique based on environmental conditions and the 

presence of habitats suitable for bivalves. Two 

observation stations were established. Station I was 

located in a mangrove area adjacent to a residential 

settlement, whereas Station II was situated in a mangrove 

area near shrimp ponds. The sampling area was 

determined as 10% of the total observed mangrove area, 

covering 1,000 m², which was divided equally between 

the two observation stations, with each station covering 

500 m². At each station, two belt transects measuring 50 

m in length and 2 m in width were established using the 

belt transect method. Bivalve sampling was conducted 

between 07:00 and 12:00 Central Indonesia Time 

(WITA), and observations were carried out once during 

low tide. 

 

 

 

 
Figure 1. Map of the research location in Pinotu Village, Toribulu District, Parigi Moutong Regency, Central Sulawesi, Indonesia. 

 

 

Procedures 

Preparation Phase 
The preparation phase began with a preliminary survey 

to identify the study area and confirm the presence of 

bivalves within the mangrove ecosystem of Pinotu 

Village, Toribulu District, Parigi Moutong Regency, 

Central Sulawesi, Indonesia. In addition, the necessary 

administrative requirements were completed, including 
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obtaining a research permit issued by the Faculty of 

Teacher Training and Education (FKIP), which was 

submitted to the Pinotu Village Office as a prerequisite 

for conducting the study on bivalve abundance in the 

mangrove ecosystem. 
 

Sampling Procedure 

Bivalve sampling was conducted using the belt transect 

method. Specimens were collected from each observation 

station through direct field sampling. Bivalves occurring 

on the substrate surface were collected manually by 

hand, whereas individuals buried beneath the substrate, 

particularly within sandy sediments, were excavated 

using appropriate sampling tools. All collected 

specimens were placed in labeled sample containers and 

subsequently identified to species level using digital 

taxonomic identification keys. 

 

Environmental Parameters 
Environmental conditions were assessed by measuring 

several physicochemical parameters, including water 

temperature using a thermometer, salinity using a 

refractometer, and water pH using a portable pH meter. 

In addition, substrate characteristics were recorded and 

classified as muddy, sandy-mud, or sandy substrates, 

which represent the natural habitats of bivalves within 

mangrove ecosystems. The occurrence and distribution 

of bivalves are influenced by various physical and 

chemical factors, including water temperature, vegetation 

type, pH, nutrient availability, and substrate 

characteristics (Pangaribuan et al., 2022). Muddy 

substrates enriched with organic matter provide favorable 

habitats for bivalves; consequently, these organisms are 

commonly found either in aggregated groups or 

dispersed across such substrates. 

 

Data analysis 

Species Abundance 

The data obtained were analyzed using the species 

abundance index formula proposed by Hilwan and 

Rahman (2021), as follows: 
 

𝑅 =  
𝑆 − 1

𝑙𝑛 𝑁
 

 

Where: 

R  =  Species abundance index  

S  =  Total number of species within the observation area  

N = Total number of individuals recorded within the 

observation area 

 

Criteria: 

R < 2.5 = Low species abundance  

2.5 ≤ R ≤ 4.0 = Moderate species abundance  

R > 4.0 = High species abundance 

 

Relatif Relative Abundance Index 
The Relative Abundance Index (RAI) was calculated 

using the following formula: 

 

 

𝐼𝐾𝑅 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑜𝑓 𝑎 𝑝𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑟 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 (𝑛𝑖)

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑟𝑒𝑐𝑜𝑟𝑑𝑒𝑑 (𝑁)
 × 100% 

 

 

The research data were subsequently analyzed using 

the Relative Abundance Index. The index was 

categorized according to the following criteria: values 

greater than 20% indicate high relative abundance, 

values between 15% and 20% indicate moderate relative 

abundance, and values below 15% indicate low relative 

abundance (Asrianny & Achmad, 2018). 

 

 

RESULTS AND DISCUSSION 
 

Results  

Environmental Physical Conditions 

The environmental conditions of the mangrove 

ecosystem at the study site were evaluated through the 

measurement of several physicochemical parameters, 

including water temperature, salinity, and pH. These 

parameters provide important information on the 

characteristics of the aquatic environment and serve as 

indicators of the ecological conditions within the 

mangrove habitat. The results of the measurements 

conducted at the two sampling stations are presented in 

Table 1. 

 

 

 

 

 

 

 

Table 1. Environmental Physical Conditions Measured in the Mangrove Ecosystem. 
 

No. Parameter 
Environmental Physical Conditions 

Average 
Station 1 Station 2 

1 Temperature (°C) 30 30 30 

2 Salinity (‰) 25 25 25 

3 pH 6.54 6.57 6.56 
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Bivalvia Species Composition and Abundance 

Based on the results of the study, four Bivalvia species 

belonging to two orders and two families were identified, 

namely Polymesoda erosa, Polymesoda expansa, 

Polymesoda bengalensis, and Anadara granosa (Figure 

2). A total of 105 individuals were recorded during the 

survey, with varying abundance levels among the 

identified species. The environmental conditions of the 

mangrove ecosystem were relatively uniform across the 

two sampling stations, with an average temperature of 

30°C, salinity of 25‰, and pH of 6.56 (Table 1). These 

environmental characteristics provide suitable habitat 

conditions that support the presence and distribution of 

Bivalvia species within the mangrove ecosystem. 
 

 

Table 2. Bivalvia Species Recorded in the Mangrove Ecosystem of Pinotu Village. 

 

No Order Family Species 
Station 

Total 
1 2 

1. Veneroida Cyrenidae  Polymesoda erosa 29 10 39 

   Polymesoda expansa 15 4 19 

   Polymesoda bengalensis 27 11 38 

2. Arcidaa Arcidae  Anadara granosa 9 0 9 

Total 80 25 105 

 

    
 

Figure 2. Bivalvia Species Found in the Mangrove Ecosystem of Pinotu Village: (A) Polymesoda erosa, (B) Polymesoda expansa, (C) Polymesoda 

bengalensis, and (D) Anadara granosa. 

 

 

Species Abundance and Relative Abundance Index 

(RAI) of Bivalvia 

This study was conducted in the mangrove ecosystem of 

Pinotu Village, Toribulu District, Parigi Moutong 

Regency, Central Sulawesi. All collected data were 

analyzed to determine the Species Abundance Index (R) 

and the Relative Abundance Index (RAI). The results 

were used to describe the abundance level of Bivalvia 

and the proportional contribution of each species 

recorded during the study (Table 3). 
 

 

Table 3. Relative Abundance Index (RAI) of Bivalvia. 

 

No Species  ni N  ni/N KR (%) Category 

1. Polymesoda erosa 39 105 0.371428571 37.14 High 

2. Polymesoda expansa 19 105 0.180952381 18.09 Moderate 

3. Polymesoda bengalensis 38 105 0.361904762 36.19 High 

4. Anadara granosa 9 105 0.085714286 8.57 Low 

S = 4 

ln (N) = 4.6539603502 

R = 0,6446122816 

R<2,5 = Low 

 

 

Discussion 

At Station 1, a higher abundance of bivalves was 

recorded compared to Station 2, with a total of 80 

individuals belonging to four species: Polymesoda erosa, 

Polymesoda expansa, Polymesoda bengalensis, and 

Anadara granosa. The relatively high abundance 

observed at this station was likely supported by favorable 

environmental conditions, including a water temperature 

of 30°C, salinity of 25 ppt, and pH of 6.54. Water 

temperatures ranging from 28–32°C are considered 

optimal for bivalve survival and growth (Zahroh et al., 

2019). Likewise, salinity levels between 25 and 30 ppt 

provide suitable conditions for the survival of bivalves 

(Tritama & Akhrianti, 2022). Although the pH value was 

slightly acidic, it remained within the tolerance range of 

mollusks (Shahra et al., 2023). According to Putra et al. 
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(2022), pH values ranging from 6 to 8 are still suitable 

for supporting macrozoobenthic communities. In 

addition to these physicochemical conditions, the 

relatively high abundance at Station 1 may also be 

attributed to the well-developed mangrove vegetation, 

thick muddy substrate, and high availability of organic 

matter, which serves as an important food resource for 

bivalves. Although this station was located adjacent to a 

residential area, the habitat conditions remained 

favorable for sustaining a relatively large bivalve 

population. Mangrove forests provide suitable habitats 

for bivalves due to their characteristic muddy and sandy 

substrates and the availability of freshwater inputs from 

rivers and groundwater, which contribute to favorable 

conditions for the growth and survival of bivalves 

(Hermi et al., 2021). 

In contrast, only three bivalve species were recorded 

at Station 2, with a total of 25 individuals, namely 

Polymesoda erosa, Polymesoda expansa, and 

Polymesoda bengalensis. The absence of Anadara 

granosa at this station suggests that the habitat 

conditions may be less suitable for this species. The 

measured environmental parameters at Station 2 included 

a water temperature of 30°C, salinity of 25 ppt, and pH 

of 6.57. Water temperature was identical at both stations. 

Temperature is a key environmental factor influencing 

aquatic organisms, as it affects metabolic processes, 

growth, and reproduction. Ecologically, temperature 

variations may also influence the composition and 

abundance of bivalve communities (Samson & Kasale, 

2020). Similarly, salinity values were consistent across 

both stations, indicating relatively homogeneous water 

conditions that remained within the brackish-water range 

characteristic of mangrove ecosystems. Although the pH 

values at both stations were slightly acidic, they 

remained within the tolerance limits of many aquatic 

organisms. Nevertheless, low pH conditions are 

generally considered more detrimental to aquatic life 

than elevated pH levels (Ariani et al., 2019). The lower 

abundance observed at Station 2 may be associated with 

greater environmental pressure resulting from its 

proximity to shrimp aquaculture ponds. Habitat 

alterations, reduced mangrove vegetation cover, and the 

potential input of organic waste from aquaculture 

activities may have affected the distribution and 

abundance of bivalves at this station. According to 

Basmalah et al. (2022), the occurrence and abundance of 

bivalves are strongly influenced by environmental 

conditions, including substrate type, salinity, nutrient 

availability, and anthropogenic disturbances within their 

habitats. Consequently, habitat degradation caused by 

human activities may adversely affect the persistence of 

bivalve communities. The low abundance of bivalves in 

mangrove ecosystems may also be linked to local 

anthropogenic activities, such as mangrove deforestation 

and the disposal of domestic waste. These activities can 

reduce mangrove density and coverage, thereby 

decreasing the input of organic matter that serves as an 

important food source for bivalves. As a result, 

reductions in habitat quality and food availability may 

contribute to declines in bivalve abundance (Rahmi et al., 

2017). 

Polymesoda expansa was represented by 19 

individuals (18.09%) and was classified as having 

moderate abundance, whereas Anadara granosa was 

represented by only 9 individuals (8.57%) and was 

categorized as having low abundance. The lower 

abundance of these two species compared to the other 

recorded species may be associated with less favorable 

habitat conditions, including differences in substrate 

characteristics and the influence of human activities in 

the surrounding area. In addition, Anadara granosa was 

found exclusively at Station 1, suggesting that this 

species may possess a narrower environmental tolerance 

and may be less capable of adapting to the conditions at 

Station 2, which was located near shrimp aquaculture 

ponds. According to Arramadani et al. (2026), the 

abundance of Anadara granosa is influenced by several 

environmental factors, including substrate characteristics, 

organic matter content, salinity, and water stability. This 

species tends to be more abundant in habitats 

characterized by fine-grained sediments rich in organic 

matter and relatively stable hydrological conditions, as 

such environments provide favorable conditions for its 

growth, development, and survival. 

The species abundance index (R) value of 0.64 

indicates that the abundance of bivalve species in the 

mangrove ecosystem of Pinotu Village is relatively low. 

This low abundance may be associated with 

anthropogenic activities occurring in and around the 

mangrove area, including continuous harvesting of 

bivalves and the conversion of mangrove forests into 

shrimp aquaculture ponds. Such activities can reduce 

both the extent and quality of natural bivalve habitats, 

thereby contributing to declines in population size and 

species abundance. According to Mahmudin et al. 

(2022), the conversion of mangrove areas into 

aquaculture ponds can lead to severe coastal erosion and 

sedimentation. The expansion of aquaculture activities 

may threaten the sustainability of mangrove ecosystems 

and the organisms that depend on them, particularly 

benthic communities. Benthic organisms inhabit the 

bottom substrates of aquatic environments and are 

commonly associated with mangrove ecosystems, where 

they play important ecological roles in nutrient cycling 

and ecosystem functioning. 

 

 

CONCLUSIONS 

 

Based on the results of this study, the abundance of 

bivalves in the mangrove ecosystem of Pinotu Village, 

Toribulu District, Parigi Moutong Regency, Central 

Sulawesi, Indonesia, was classified as low, as indicated 

by a species abundance index (R) value of 0.64. A total 

of four bivalve species comprising 105 individuals were 
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recorded. Polymesoda erosa and Polymesoda 

bengalensis were the dominant species and exhibited 

high relative abundance, whereas Polymesoda expansa 

showed moderate relative abundance and Anadara 

granosa exhibited low relative abundance. Differences in 

bivalve abundance between sampling stations suggest 

that environmental factors, including substrate 

characteristics, mangrove vegetation density, and the 

intensity of human disturbances, may influence the 

distribution and abundance of bivalve populations within 

the mangrove ecosystem. 
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