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Abstract  

 

Mollusk has a role as a food source in benthic ecosystems. Presumably, there has been a 

decrease in its diversity on the protected coastline of Berbak-Sembilang National Park 

(BSNP) due to fluctuations in water quality parameters that threaten the sustainability of 

another biota in the web food system. The purpose of this study was to describe the diversity 

of mollusks and their correlation with water quality in the protected coastline area. The 

research methodology was carried out, namely: water quality data collection, mollusk 

sampling, diversity analysis, and correlation analysis. Principal component analysis and 

similarity analysis were used. The results showed that there were 28 species of mollusks, 

which were classified into two classes: Bivalvia (79%), and Gatropoda (49%), with 21 

species. The mollusk abundance means 263.25 ind.m-2, and the diversity is categorized as low 

H'<1 except stations 2 and 4. It is supported by the dominant species, namely Anadara 

granosa (36.61%), and Nutricola sp. (35.47%. There are two clusters of mollusks: open 

coastal areas are characterized by higher temperatures, nutrients, salinity, pH, currents, and 

brightness, and estuary clusters are characterized by higher dissolved oxygen and mollusk 

abundance. 

 

Keywords: Bivalvia; Gatropoda; Macrobenthos; Mollusks diversity; Protected coastline  
 

 

Introduction  

 

Mollusks are a group of aquatic benthics that are infauna and epifauna with limited 

movement. Its existence makes it very vulnerable to being influenced by various changes in 

environmental quality. Aquatic sediments such as mud, sand, and rocks are reported to have 

many differences in the diversity of these biota. Diversity mollusks are very easy to find at the 

benthic with a substrate of mud and sand [1, 2]. Although also found on rock substrates [3], 

mollusks on mud substrates were found to be more diverse due to the nature of their filter 

feeders, especially in mangrove ecosystems [4–6]. On the other hand, the mollusks were a 

major food source for demersal fish and seabirds [7]. Several species of shorebirds, storks, and 

seabirds were found to prey on mollusks [8, 9]. Various threats will reduce the diversity of 

mollusks in various habitats. Most of the larval stages of macrofauna were planktonophagous, 
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providing food for large zooplankton and fish, which significantly affected the number and 

species composition of macrofauna [10, 11]. 

Berbak-Sembilang National Park (BSNP) is an estuary area located on the coast of 

Sumatra Island with a long coastline covered by a wide mangrove forest. They are supported by 

a thick and nutrient-rich mud substrate, which has an impact on increasing the abundance and 

diversity of biota, especially benthic organisms. There are 32 mangrove species in BSNP, with 

an area of 70,263 hectares [12]. Nevertheless, this area has decreased from year to year due to 

many factors, such as forest fires, coastal abrasion, forest encroachment by residents, and the 

creation of pond shrimp farming [13]. The destruction of mangrove forests has a very 

significant impact on decreasing the abundance and diversity of benthic organisms, especially 

the mollusk phylum, where their limited movement causes them to adapt to the fluctuation’s 

environmental changes [14]. Furthermore, the linkage of mollusks with mangrove ecosystems is 

very high because mangroves are the main food source, and thick silt is a very suitable habitat 

for their growth [15, 16]. 

The dynamics of changing water quality have an impact on decreasing the mollusk 

community structure in an area, which will be exacerbated by an increase in anthropogenic 

waste [17, 18]. However, a decrease in mollusk diversity can also occur in protected areas such 

as the BSNP, especially in coastal areas, which are vulnerable to environmental changes. This 

has a significant impact on the diversity of mollusks as a sessile biota with very limited 

movement [4]. In addition, the discharge of water masses from land carrying suspended 

substances and organic matter has an impact on increasing the distribution of abundance and 

diversity of mollusks [19]. This occurs naturally and continuously over time [20]. 

This study aims to examine the diversity of mollusks along the protected coastline of 

BSNP. In addition, it is also to update data on mollusks, the largest group of benthic organisms 

reported in the tropical coastal area of the eastern part of Sumatra Island. 

 

Experimental part 

 

Study Area 

The Berbak-Sembilang National Park (BSNP) is a mangrove forest conservation area of 

about 2,051km² [13, 21]. This area has a thick mud subtract, sourced from some rivers around 

it, such as the Sembilang River, Barong River, and Banyuasin River. In addition, this coastal 

area has endemic biota such as the Sembilang fish (Plotusus canius), the giant freshwater turtle 

(Chitra indica), and the saltwater crocodile (Crocodylus porosus), and it makes a habitat for 

several types of shorebirds, storks, and migratory birds [8]. Macrobenthos in this area is the 

main food for these birds. 

The protected coastline of the BSNP was specifically targeted for this study (Fig. 1). 

BSNP is located on the western coast of the Bangka Strait, South Sumatra, which is an estuary 

area formed from a mixture of freshwater masses from the mainland of Sumatra with seawater 

masses from the Melaka Strait and the South China Sea [22]. The BSNP coastline has dynamic 

water quality parameters, which are during the rainy season and the dry season. In the rainy 

season, freshwater discharge from the mainland will increase, which results in a decrease in 

salinity and brightness and an increase in nutrients. In addition, high mangrove waste will 

increase water fertility. In contrast, in the dry season, there are clearer waters and an increase in 

salinity due to the dominant influence of seawater masses. Overall, the BSNP estuary shows a 
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dynamic environment where water quality parameters are directly or indirectly influenced by 

different seasons and/or episodic events of freshwater input to the offshore [12]. 

This research was conducted on October 24–26, 2020, at eight observation stations along 

the protected coastline of BSNP waters, with a length of about 60km. Stations 1 and 2 represent 

the bay area and the open coast. Stations 3, 4, and 5 represent river estuary areas, while Stations 

6, 7, and 8 represent open shore areas and migratory bird habitats (Fig. 1). 

 

 
 

Fig. 1. Map of sampling stations in Berbak-Sembilang National Park 

 

Methods 

 Data collection and sampling processing 

 Data on the water’s physical parameters (i.e., pH, salinity, dissolved oxygen, 

temperature, brightness, and current speed) are carried out in situ with three repetitions at the 

observation station, respectively. Measurements were used for the water pH with a pH metre, 

salinity with a hand refractometer, dissolved oxygen (DO) with a DO metre, temperature with a 

digital thermometer, brightness with a Secchi disc, and current speed with a current meter. 

Nitrate and phosphate measurements used a spectrophotometer [23]. 

 Mollusk samples were collected from the surface of the substrate to a depth of 20cm in a 

1×1m transect. A sampling at the station was carried out three times, respectively. Then, at each 

station, the samples were put in labelled sample boxes for analysis in the laboratory. The 

mollusk sample obtained was separated from sediment, washed with clean water, and preserved 

with 8% formalin [24] and samples identified by refer to [25-27]. 

 Statistical analysis 

 Data analysis on water quality parameters was described using MS Excel software. The 

mollusk abundance data were analysed in terms of total percentage and total individuals per 

species. The species diversity data were analysed by the Shannon-Winner index (H’) and the 

Dominance Index by Simpson (C). Principle component analysis (PCA) was used to analyse the 

correlation between water quality parameters and the abundance and diversity of mollusks, and 

the similarity of stations was analysed by Bray-Curtis dissimilarity analysis using XLSTAT 

2021. 
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Results and discussion 

 

 Water quality parameters of Berbak-Sembilang National Park 

 The results of the measurement of the quality of the waters in the coastal area of BSNP 

showed that the conditions were relatively stable or normal for the growth of mollusks. The 

average pH value of the waters was obtained under normal conditions of 7.29 ± 0.59, as well as 

a salinity of 30.38 ± 1.30 PSU. Although there was a slight decrease at station 8 (28 PSU), this 

salinity was normal in the estuary area. 

 Dissolved oxygen (DO) and temperature in all observation stations were categorized as 

in good condition, with mean values of 7.78±0.78mg·L-1 and 29.49±0.14oC, but brightness 

showed a low mean value of 15.45±6.18%, especially in the estuary area rivers, namely: 

stations 3, 4, and 5. The flow velocity was found to be decreasing in the bay or estuary area 

with an average value of 0.18±0.12m·s-1, while the distribution of nitrate and phosphate 

concentrations was shown to be relatively even with a mean of 6.08±0.48mg·L-1 and 

0.18±0.01mg·L-1 (Table 1). 

 

Table 1. Water quality parameters of Berbak-Sembilang National Park 

 

No Water quality 
Stations 

1 2 3 4 5 6 7 8 

1 pH 7.41 7.46 7.51 7.46 7.01 7.17 8.20 6.08 

2 Salinity (PSU) 30.00 32.00 30.00 30.00 30.00 31.00 32.00 28.00 

3 DO (mg.L-1) 8.63 8.37 8.50 8.03 7.48 6.30 7.60 7.30 

4 Temperature (oC) 29.65 29.63 29.42 29.40 29.35 29.36 29.43 29.69 

5 Brightness (%) 17.56 20.89 10.87 6.52 8.70 24.36 17.72 16.98 

6 Current Speed (m.s-1) 0.08 0.19 0.08 0.13 0.16 0.47 0.15 0.18 

7 NO3 (mg.L-1) 6.67 6.20 5.45 6.24 5.53 5.66 6.23 6.69 

8 PO4 (mg.L-1) 0.20 0.19 0.16 0.19 0.17 0.17 0.19 0.20 

9 Pyhtoplankton abundance  

(cell.L-1) 
68,206 100,451 108,148 3,715 17,383 11,952 46,757 26,278 

 

 The fluctuation of water quality parameters in all observation stations of the Berbak-

Sembilang National Park (BSNP) was found to be slightly different, and this is a good 

condition for the growth of aquatic biota, especially mollusks. There are several parameters 

found to decrease in the estuary area, such as brightness and speed of currents. This is due to the 

impact of the stirring of the water mass from the land with the seawater mass formed in the 

mixing area. This characteristic was also reported in many publications [17, 28-31]. 

 Mollusks species of community structure 

 A total of 28 species of mollusks were identified in BSNP, nominated by the Gastropoda 

with 21 species and the Bivalvia with 7 species. However, the abundance of Bivalvia was 

greater than the abundance of Gatropoda. The distribution of the abundance and diversity of 

species was found to be uneven, such as Anadara granosa, which was found in almost all 

observation stations, but more species were found in only one or two at the station (Table 2). 

The composition of mollusks in all observation stations was found to comprise only two 

classes, which were dominated by Bivalvia (79%), and Gatropoda (21%).  
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Table 2. Mollusks species of Berbak-Sembilang National Park 

 

No Class Species 
Stations 

S1 S2 S3 S4 S5 S6 S7 S8 

1 Gatropoda Colpospira sp. - + - - - - - - 

2 Gatropoda Nassarius crenoliratus - + - - + - - - 

3 Gatropoda Tonna oleria - + - - - - - - 

4 Gatropoda Tomlinia rapulum - + - - - - - - 

5 Gatropoda Turbinella sp. - + - - - - - - 

6 Gatropoda Oliva sp. - + - - - - - - 

7 Gatropoda Melanopsis frustulum - - + - - - - - 

8 Gatropoda Telescopium telescopium - - + + - - - - 

9 Gatropoda Nerita balteata - - + + - - - - 

10 Gatropoda Pirenella conica - - + - - - - - 

11 Gatropoda Ellobium gassiesi - - - + - - - - 

12 Gatropoda Euspira napus - - - + + - - - 

13 Gatropoda Natica marchadi - - - + - - - - 

14 Gatropoda Naticarius hebraeus - - - + - - - - 

15 Gatropoda Septaria psittacea - - - + - - - - 

16 Gatropoda Pterygia dactylus - - - +++ - - - - 

17 Gatropoda Busycotypus canaliculatus - - - + - - - - 

18 Gatropoda Cerithidea pliculosa - - - + - - - - 

19 Gatropoda Thais sp. - - - + - - - - 

20 Gatropoda Volema pyrum - - - + - - - - 

21 Gatropoda Euspira strebeli - - - - - - + - 

22 Bivalvia Anadara granosa + +++ +++ +++ + + - - 

23 Bivalvia Leukoma sp. - ++ - - - - - - 

24 Bivalvia Mactra chinesis - - + - - - - - 

25 Bivalvia Humilaria kennerleyi - - - + - - - - 

26 Bivalvia Tellina sp. - - - - + - - - 

27 Bivalvia Nutricola sp. - - - - +++ +++ - +++ 

28 Bivalvia Macoma sp. - - - - - - + - 

  

There were 28 species of mollusks found on the protected coastline of the BSNP, 

grouped into two classes, namely Bivalvia (79%), with 7 species, and Gatropoda (21%), with 27 

species. The individual composition of Bivalvia was more dominant than that of Gatropoda, 

although the number of species was lower. Bivalvia have a high tolerance for changes in 

environmental parameters [32]. This composition has also been reported on the west coast of 

India [33], in the estuary of the Gharehsou River [34], in a mangrove plantation, and in two 

natural associations in Khanh Hoa, Vietnam [35]. In contrast to the report, Polychaeta is more 

dominant in the Yangtze River Estuary and Batam Island, Indonesia [36], Gatropoda is found to 

be dominant in the Estuary Musi [2], Gatropoda is also dominant in the Great Lake District 

Pasuruan East Jawa [37], and Gatropoda dominates Mumbai, west coast of India [38]. This 

indicates that the individual distribution of the two classes of mollusks is highly dependent on 

their habitat.  

Mollusks abundance and diversity 

 The overall mean value of individual mollusks at the study sites was 263ind·m-2. The 

highest abundance found at station 4 is 531ind·m-2, station 3 is 495ind·m-2, station 6 is 

333ind·m-2 and station 5 is 297ind·m-2, while others are taken as the average found. Two 

species of mollusks were found to dominate, namely Anadara granosa (36.61%) and Nutricola 

sp. (35.47%), both of which are from the Bivalvia, in contrast to the abundance of the 
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Gatropoda, which was dominated by Pterygia dactylus (5.56%) and Volema pyrum (2.14%). In 

addition, the distribution of Bivalvia was found to be more even than that of Gatropoda (Fig. 2).   

 

 
 

Fig. 2. Percentage of mollusks species of Berbak-Sembilang National Park 

 

 Given the diversity of species, the Shannon-Wiener index (H’) all decreased 

significantly at almost all low-category observation stations (Station 1, 3, 5, 6, 7, and 8), unless 

there were two stations in the moderate category (Station 2 and 4). This was also supported by 

the Simpson index value (C), where species dominance occurs in almost all locations (Fig. 3). 

The abundance of mollusks was found to be quite high, which increased significantly in 

the estuary area compared to the open coastal area. This is thought to be influenced by the 

discharge of water masses from the land, which carry more suspended material and nutrients. 

Besides that, the meeting of water masses creates a mixing area, which has an impact on 

increasing the fertility of the waters. This condition is very suitable for the growth and 

reproduction of the mollusk community as an aquatic sessile biota. This total abundance was 

higher than that reported by [20, 39-48]. 
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Fig. 3. Diversity index of mollusks of Berbak-Sembilang National Park 

 

  

 There are two species found to dominate in BSNP, namely Anadara granosa (36.61%) 

and Nutricola sp. (35.47%), classified in the Bivalvia [49–51]. Gatropoda abundance was 

shown by Pterygia dactylus at 5.56% and Volema pyrum at 2.14% [37, 52, 53]. The distribution 

of A. granosa and Nutricola sp. species was found to be more even than other species. This 

species is reported to have stronger survival abilities [32, 54, 55]. In contrast to what was 

reported by [56], the identified Bivalvia of Mactra veneriformis and Cyclina sinensis were more 

resistant to the organic matter in the Geum River estuary. 

 Correlation between water quality parameters with mollusks abundance and diversity 

of Berbak-Sembilang National Park 

 The results of the relationship between water quality parameters and mollusk abundance 

and diversity at the study location obtained Eigenvalues Cumulative 82.61%; five groups were 

formed, namely: four groups formed on the F1 and F2 axes, while the others were formed on 

the F3 axis. Besides that, the similarity between the observation stations was formed by two 

clusters coded MB1 and MB2 (Fig. 4). 

Based on Figs. 4a and b, the first group contributing from the positive F1 axis illustrated 

that stations 1 and 8 were characterized by higher temperatures and concentrations of nitrate 

and phosphate, which were thought to be influenced by a larger supply of land. 

The MB2 cluster was formed by station, and the second group was formed on the 

negative F1 axis by showing that stations 3 and 5 were characterized by a higher abundance of 

mollusks, where they were located just around the mouth of the Sembilang river. The three 

groups were formed on the positive F2 axis, which illustrated that Station 6, with a stronger 

characteristic of current velocity and water brightness, assumed that the location was directly 

facing the open sea. The fourth group was formed on the negative F2 axis, where station 4 was 

characterized by higher oxygen; presumably, there was an influence of the mixing area between 

the water mass of the river and the sea. The fifth group was formed on the positive F3 axis. It 

was found that stations 2 and 7 were characterized by more stable salinity and pH, which was 

thought to reduce the influence of the freshwater mass from the river. 

 The results of the similarity analysis calculated by the Bray-Curtis dissimilarity index 

(Fig. 4c) showed that the distribution of mollusk abundance and diversity was significantly 
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similar and formed two clusters (MB1 and MB2). An average similarity value of 83.74%. MB1 

clusters are formed at stations 1, 2, 6, 7 and 8, which are on the open coast. 

 

 
Fig. 4. Correlation between water quality parameters with mollusks abundance and diversity: 

(a) F1 and F2 axes; (b) F3 axes; (c) Dendrogram dissimilarity 

 

 These clusters are characterized by higher temperatures, salinity, pH, nutrient brightness, 

and water currents. This is thought to be due to the strong influence of the seawater mass area 

of the Melaka Strait and the South China Sea (3, 4, and 5), located at the mouth of the river 

mouth, characterized by dissolved oxygen and a higher abundance of mollusks compared to 

other locations. Continuous fluctuations in water quality parameters were thought to have an 

impact on the dominance of several species at each station. The two clusters illustrated that the 

abundance and diversity of mollusks on the protected coastline of BSNP were significantly 

affected by changes in water quality parameters. 

 The relationship between water quality parameters and the abundance and diversity of 

mollusks along the protected coastline in BSNP is characterized by higher temperatures and 

nutrients in the river mouth area, while brightness and flow velocity are lower. The discharge of 

inland water masses through rivers is affected because it brings temperature, nutrients, and 

suspended materials to a higher level, and there is a mixing of freshwater and seawater, which 

makes the current slowdown. The number of individual mollusks in the estuary area is higher 

and more diverse than others. This was also reported by [40], that the benthic community 
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responded to oxygen concentrations, salinity, and particle size. The BSNP open coastal areas 

are characterized by higher temperature, nutrient, salinity, pH, current, and brightness 

parameters. It is assumed that the influence of seawater masses from the Malacca Strait and the 

South China Sea is more dominant; it has an impact on the decline in mollusk diversity.  

Y. Xingzhong et al. [57] pointed out that macrofauna was sensitive to changes in the 

pelagic environment. Y. Xingzhong et al. [57] found that along the estuary gradient, benthic 

species numbers increased with the increase in salinity. The salinity gradient was the dominant 

factor determining the distribution pattern of mollusks in protecting the coastline of BSNP, and 

currents play a role in the water mass distribution and diversity of mollusks with limited 

movement, especially on juvenile faces [58]. 

 There are two clusters for mollusk habitat in BSNP, namely: the open coastal cluster and 

the estuary water cluster. The open coastal cluster found the diversity of mollusks slightly lower 

than the estuary cluster dominated by Bivalvia. It is shown that the freshwater mass of the river 

is more suitable for the growth and reproduction of mollusks than the open coast. Variation in 

macrobenthic diversity may be primarily attributed to changes in stem density and salinity [29]. 

As estuaries are complex, diverse ecosystems, benthic communities are controlled by a 

combination of factors, such as salinity, pH, tidal fluctuation, dissolved oxygen, sediment 

composition, and organic matter, and no single factor could be considered an ecological master 

factor [59,60].  

 

Conclusions 

 

 There are 28 species of mollusks found on the protected coastline of Berbak-Sembilang 

National Park, classified into two classes: Bivalvia (79%), with 7 species, and Gatropoda 

(49%), with 21 species. Water quality parameters were found under normal conditions and 

supported mollusk growth. The abundance was found to be uneven, both in the estuary area and 

on the open seacoast. The diversity of species is categorized as low; this is supported by the 

species that dominate, namely Anadara granosa (37.61%) and Nutricola sp. (35.47%). Based 

on PCA, it shows that the observation stations in open coastal areas are characterized by higher 

nutrients, salinity, pH, currents, and temperatures, while the estuary areas are characterized by 

higher dissolved oxygen and mollusk abundance. Similarity analysis has revealed that the two 

clusters of distribution of mollusk diversity in BSNP, namely open coastal areas and river 

estuaries, are both significantly different and influenced by water quality fluctuations. 
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