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ABSTRACT 

Nerita articulata A. Gould, 1847 is a type of gastropod that is often found attached to the stems 

of mangrove plants in Batu Karas. These snails are often taken by the community around the mangrove 

area for consumption. Meanwhile, microplastics are plastic fragments measuring <5mm, which can be 

suspended in the water column, sediments and aquatic biota. This research was carried out with the aim 

of identifying the presence of microplastics insnails Nerita articulata of various sizes, and analyzing 

whether the magnitude of the density of microplastics was correlated with the size of the snails. The 

research was carried out using survey methods and laboratory analysis. Sampling was done by purposive 

sampling at 4 research stations. The samples studied consisted of samples of water, substrate and 

mangrove snails. Samples of mangrove snails were grouped into three size categories, namely small, 

medium and large. The results of laboratory observations on samples of water, sediment and snails, 

found the presence of microplastic fragments, fibers, films and pellets, the average density of 

microplastics in water samples was 1.75 -3 particles/L, substrate samples averaged 1.75-3 particles. 

/gram and in snails the average is 3.25 – 5.75 particles/individual. The dominant type of fiber was found 

in water samples and substrate samples, while the dominant type in the snail's body was the fragment 
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type. The results of statistical analysis showed a positive correlation between the density of microplastics 

and the weight of the snails, the greater the weight of the snails, the higher the density of microplastics.  
 

Keywords: Batukaras Pangandaran, density, mangrove, microplastic, Nerita articulata 

 

 

 

1.  INTRODUCTION 

 

With global production of plastics increasing rapidly, numerous plastics are being 

released in the environment during their life cycle. Global plastic production has increased from 

1.5 million tons in the 1950s to 335 million tons in 2016. It is reported that 79% of plastic 

products have not been efciently treated, eventually released into landflls or the natural 

environments. However, the issues didn’t receive extensive concerns until proposed the term 

“microplastic” (with efective size less than 5 mm) in 2004. Subsequently, researchers have 

published a growing number of relevant articles, including the source, abundance, fate, 

occurrence, and sink of microplastics in natural environments. This is probably the so-called 

“microplastic pollution”.  

Similarly, the concept of plastic pollution can be defned as the introduction of plastics 

(regardless of sizes, shapes or types) into the environment, resulting in potential threats to the 

environment, organisms, or even human health. As one type of plastics, microplastics have been 

widely studied. However, other types of plastics, such as nanoplastics (size5 mm), are less 

focused when compared to microplastics. Therefore, there still remain knowledge gaps in 

understanding plastic pollution in the environment. 

 When introduced into natural environments, plastics can be transported from land to 

river, and eventually reach the ocean. These indicate that the combination of plastics with other 

pollutants is probably a category of combined pollution. Characteristics of plastic pollution 

include diversities (such as sizes, types, colour, and sources), resistant to degradation, combined 

pollution and potential risks. In recent years, researchers have investigated the ecological 

impacts of microplastics. Because microbeads can absorb and concentrate toxic hydrophobic 

substances in local water and wastewater and they are subject to longrange transport, they can 

serve as efficient pollutant delivery systems. Recent studies in the US show that microbeads are 

not fully removed from the water phase during wastewater treatment and are therefore present 

in treated effluent and in rivers located downstream from wastewater effluent outfalls. 

Incomplete removal has led to the release of large numbers of microbeads as well as other 

microplastics. 

Mangrove forests dominate about one quarter of tropical coastlines. However, they are 

among the ‘‘most threatened major environments on earth”, global loss through human activity 

having been estimated at 35%, while some of the remaining forests are vulnerable to rising 

sealevels. These marine forests support a distinctive fauna, and the macroinvertebrates are 

dominated by molluscs and crabs. For some animals, particularly those inhabiting only the 

seaward fringes of mangroves, the trees simply provide a hard substrate on otherwise 

sedimentary shores.  

However, the forest as a whole presents a unique and challenging habitat, characterized 

by shade from the leaf canopy, a threedimensional structure of trunks and roots, a rich supply 

of decaying plant material, acidic and anoxic soil, variable salinity and intermittent tidal 

inundation, and strong predation by crabs and vertebrates.  
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There is a small group of animals, mainly molluscs, that show an obligate association 

with the mangrove habitat and these display a corresponding suite of adaptations. 

Efforts to evaluate the accumulation of microplastics by aquatic fauna have focused 

primarily on bivalves and fishes. However, little is known about microplastics accumulation in 

gastropod which is a highly diverse group of mollusks that account for nearly 80% of all living 

mollusks species known. Moreover, they live in the bottom of various water bodies generally 

where more microplastics accumulate 

Batu Karas Mangrove area is one of the tourist destinations in Pangandaran Regency and 

has the potential to be contaminated with plastic waste. In the Batu Karas mangrove area, there 

are also many snails (gastropods) attached to the mangrove stands. Mangrove snails live on the 

stems and roots of mangrove plants throughout their lives. Several types of mangrove snails are 

often taken and utilized by the surrounding population as food for consumption. One of them 

is the type of Nerita articulata which is attached to mangrove trunks of various sizes. 

The size of the aquatic biota is related to the age of the biota, so the longer the biota is 

exposed to pollutants, the higher the pollutants will accumulate in the aquatic biota. 

Accordingly, this research was conducted with the aim of identifying the accumulation of 

microplastics in various sizes of snails, as well as in the water column and sediments in the 

Batu Karas Mangrove area. This, apart from being a bioindicator of plastic waste pollution, is 

also for food safety for human consumption, given the bioaccumulation and biomagnification 

processes, where humans are the highest consumers in food webs. 

 

 

2.  MATERIALS AND METHODS 

2. 1. Research Locations 

The research was conducted from June to December 2020. Water samples, sediment 

samples and snails collected Nerita articulata were at 4 stations in the Batu Karas Mangrove 

Area, Pangandaran Regency (Figure 1). Sample analysis was carried out at the Biogeochemical 

Laboratory and Aquatic Resources Management Laboratory, Faculty of Fisheries and Marine 

Sciences, Padjadjaran University. 

 

2. 2. Research Methods 

The tools used in this research are motor boat, GPS, thermometer, pH meter, 

refractometer, shovel, ziplock plastic, Coolbox, sample bottles, digital camera, for carrying out 

water sampling, substrate samples and snail samples Mangrove Nerita reticulata. 

The materials used were the mangrove snail Nerita reticulata, water samples and 

substrate samples, ethanol solution, hydrogen peroxide solution, saturated NaCl, solution 0.05 

M Fe (II) solution, 1 µm filter paper, aluminum foil, aquadest and crushed ice. 

 

2. 3. Research Procedure 

Measurement of Water Quality 

Parameters the water quality parameters measured were water temperature with a 

thermometer, water pH with a pH meter, and water salinity with a refractometer. Another 

supporting parameter that was measured was the depth of the waters at the time of sampling the 

mangrove snails. 
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Figure 1. Map of research locations (Batukaras Pangandaran, West Java, Indonesia). 

 

 

Research 

Sampling of water, substrate and snail samples of Nerita articulata was carried out at four 

research stations. Sampling of water using a water sample bottle. Substrate sampling was taken 

using a shovel as deep as 2 cm as much as 100 grams, then the substrate sample was put into a 

zip lock plastic. Snail samples of Nerita articulata attached to the mangrove trunk of Avicennia 

sp. and Nypa sp. taken bymethod hand picking, then grouped into three size classes (small, 

medium and large) of 5 organisms each. Snail samples from each size class were then put into 

their respective sample containers and labeled. 

 

Snail Sample Processing and Microplastic Identification 

Snail sample processing and microplastic identification were carried out in the laboratory. 

The snail samples were weighed respectively, namely the total weight (snail with shell) and the 

weight of the snail without shell. Separation of the snail from the shell is done using tweezers. 

After that, an examination/identification of the type and density of microplastic in the body of 

each sample of snails was carried out. 

The implementation of microplastic identification refers. The separated snail body was 

crushed using H2O2 30% as much as 3 mL, then covered and incubated for 24 hours. The result 

of the immersion is then added with NaCl. Then observed under a microscope to determine the 
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presence of microplastics. Furthermore, microplastics are grouped into four groups, namely 

pellets, fibers, films, and fragments. Microplastic density (number of particles/malso 

calculated3) was. 

 

Correlation Analysis 

Observational data, then performed a correlation analysis to determine whether there is a 

relationship between the two variables and how closely they are related. 

 

a) Snail weight with microplastic density in the snail body, 

 

Calculation of correlation using the formula: 
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Description 

r = correlation coefficient 

x = microplastic in snails (particles) 

y = weight or mass of snails (grams) 

 

b) Density of microplastics in the snail body with the aquatic environment.  

 

Calculation of the correlation test uses the following formula: 
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Description 

r = correlation coefficient 

x = microplastic in the water (particles) 

y = microplastic in snails (particles) 

 

 

3.  RESULT AND DISCUSSION 

Water Conditions in the Research Locations 

Measurement of water quality in the Batukaras mangrove area was carried out at four 

stations in the Batu Karas mangrove area. The results of the measurement of temperature 

parameters, pH, dissolved oxygen (DO), and salinity of the waters, obtained an average 

temperature of 28.7 °C, pH 8.53, Dissolved Oxygen (DO) 11.3 mg/l and salinity 20 ppt (Table 

1). The parameter values are then compared with the sea water quality standards for Marine 
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Biota listed in Appendix III. Decree of the State Minister of the Environment (Kepmen LH) 

Number 51 of 2004 concerning Seawater Quality Standard. 

 

Table 1. Water Quality Parameter Data in Mangrove Area of Batu Karas, Pangandaran 

 

Parameter 
Result of 

Measurement of 

Seawater Quality 

Standard 

Suhu (°C) 28 - 29 28 - 32 

pH 8,48 - 8,56 7 - 8,5 

Salinitas (ppt) 15 - 25 s/d 34 

DO (mg/L) 11,1 - 11,9 >5 

 

 

In Table 1, it can be seen that the temperature, pH, salinity and DO measurement results 

are in the range of Seawater Quality Standards. This shows that the water conditions in the 

Batukaras Mangrove Area are suitable to support the life of marine biota in the mangrove 

ecosystem. Supported, that a temperature of 25–36 °C is the range value that can be tolerated 

by macrozoobenthos living in mangrove ecosystems, and the optimum pH for the life of marine 

organisms is between 6-8. Gastropods have the ability to adapt or tolerate salinity. 

 

Observation of the Nerita articulata 

Snails The Nerita snails that were found attached to the mangrove trunk were divided into 

three groups based on the weight and width of the shell diameter, namely Large, Medium and 

Small sizes. Then the total weight of the Nerita snails, the weight of the Nerita snails without 

shells and the percentage of weight of the Nerita snails without shells/total weight were taken, 

for each group 5 snails were taken. The measurement results are listed in Table 2. 

 

Table 2. Data on Shell Diameter and Weight of Snail Nerita articulate 

 

Station 
Size of 

Nerita 

Average 

Diameter 

(cm)     

Average Weight 

(grams) Weight without 

shell / = (%)  

weight 
Whole 

without 

shell 

 Large 21,29 8,74 6,90 78,95 

1 Medium 19,13 6,93 6,30 90,91 

 Small 14,51 4,95 3,32 67,07 

 Large 22,23 11,17 8,75 78,33 
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2 Medium 19,88 7,82 6,03 77,11 

 Small 16,04 5,53 4,21 76,13 

 Large 23,28 9,85 8,12 82,44 

3 Medium 20,84 7,87 6,72 86,38 

 Small 16,13 2,75 2,00 72,73 

 Large 23,43 11,48 10,07 87,72 

4 Medium 20,71 6,40 5,10 79,69 

 Small 14,76 3,15 2,18 69,21 

 

 

Based on the measurement results (Table 2, Figure 2), the Large Nerita Snail group, has 

a shell diameter range of 21.29 - 23.43 cm, Medium Nerita Snail, has a shell diameter range of 

19.13 - 20.84 cm and Small Nerita Snail diameter ranges from 14.51 to 14.76 cm. The smallest 

size of each group was obtained at Snail taken from Station 1, while the largest was obtained at 

Station 4. 

 

 
 

Figure 2. Grouping of Nerita Snails Based on Shell Diameter 

 

 

Density of Microplastics Based on Types of Microplastic 

Identification was carried out on samples of water, substrate/sediment and Nerita Snail 

biota, using a Zeiss Primo Star microscope with a magnification of 10x. The range of primary 

MP particle types include fragments, fibres, pellets, film and spheres. Spheres are frequently 

associated with pharmaceutical and cosmetics industries. Secondary MPs are formed as a result 

of gradual degradation/fragmentation of larger plastic particles already present in the 

environment, due to e.g. UV radiation (photo-oxidation), mechanical transformation (e.g. 

waves abrasion) and biological degradation by microorganisms.  

The results of visual identification of microplastics are classified by shape, namely 

fragments, fibers, films and pellets. Shape can affect the possibility of microplastic ingestion 

by organisms. The results of microscopic observations on three types of samples of water, 

sediment and biota of Nerita Snails, from 4 research stations in the Batu Karas mangrove area, 
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were found in all samples with different types of microplastics (Figure 3). The complete data 

on the type and density of microplastics in each sample are listed in Table 3.  

 

 
 

Figure 3. Types of Microplastics Identified in Samples 

 

 

Table 3. Average Density of Microplastics in the Water Column, Substrate and Nerita Snail. 

 

Types of 

Microplastics 

Average Density of Microplastics 

Water 

Column 

(particles/L) 

Substrate 

(particles/gram) 

Nerita Snails 

(particles/individual)) 

      Stasiun  1       

Fragmen 0 1 3 

Film 0 1 5 

Fiber 6 5 3 
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Microplastic Water Column  

The results of the identification of microplastics in water samples taken from the water 

column in the Mangrove area of Batu Karas, obtained three types of microplastics, namely 

fragments, fibers and pellets. The highest accumulation of microplastics in the water column 

was at Station 1 with an average density of microplastics of 3 particles/liter (Table 3). The high 

density and various types of microplastics in water samples from Station 1 are thought to come 

from plastic waste that has been physically degraded and photodegraded by UV light, 

suspended in water. This is indicated by the discovery of macroplastic waste in the environment 

around the waters. In addition, Station 1 is located in the lagoon area, which can be an estuary 

Pellet 6 0 2 

Average  3 1,75 3,25 

     Stasiun  2    

Fragmen 0 1 12 

Film 0 0 1 

Fiber 2 6 4 

Pellet 6 0 3 

Average 2 1,75 5 

     Stasiun  3       

Fragmen 3 4 11 

Film 0 4 0 

Fiber 3 4 9 

Pellet 3 0 3 

Average 2,25 3 5,75 

    Stasiun  4    

Fragmen 1 2 8 

Film 0 3 0 

Fiber 5 6 10 

Pellet 1 0 3 

Average 1,75 2,75 5,25 
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for waste disposal carried from the coastal area. Fiber has a thin shape and size causing fiber to 

be often found floating on the surface of the water. 

 

Microplastics on Substrates 

The identification of substrate/sediment samples taken from four research stations found 

three types of microplastics, namely fragments, films and fibers. The dominant type of 

microplastic is the fiber type. Fiber can come from ropes, cloth and nets. The type of 

microplastic found in sediment samples other than fiber is film. Microplastic film comes from 

plastic bags and other food packaging that tends to be transparent. Film-type microplastics can 

be derived from transparent plastics that have undergone degradation. 

The average total accumulation of the most dominant microplastic was found at Station-

3 with a total of 3 particles/gran. The high density of microplastics at Station 3, and the types 

of microplastics obtained (Table 3) can be related to the location of Station-3 which is an active 

dock area used by the community and fishermen to carry out various activities such as a place 

to lean on fishing boats, which use ropes to tie and community activities for tourism.  

 

Microplastics in Nerita articukata Snail Biota 

The identification results on samples of Nerita Snail biota taken from four research 

stations, obtained four types of microplastics, namely fragments, films, fibers and pellets. The 

highest accumulation of microplastics in the Nerita snail biota was the type of fragment, as 

many as 34 particles (Table 3). This form of fragment will usually dominate in places that have 

a high population density. Supported by research that has been carried out at Muara Pantai 

Pangandaran, which is dominated by 20% fragment types at each station. The location of waters 

directly adjacent to settlements with high density is dominated by fragments. Pellet type derived 

from cosmetic products such as scrubbers and facial cleansers settles to the bottom of the water 

due to the influence of the density of these materials and is eventually eaten by the Nerita snail 

biota. 

Nerita snails areanimals deposit feeder that utilize organic matter that settles on the 

bottom substrate of the waters as food. Stated that mangrove snails are deposit feeders, using 

extensible snouts to ingest silt and detritus from the surface of silt deposits at low tide. Likewise, 

states that mangrove snails can maintain feeding activity by using extensible snout even when 

covered by tides. 

 

Relationship of Microplastic Density in Snail Body with Snail Weight 

In this research, correlation analysis was conducted to determine the relationship between 

microplastic abundance and Nerita Snail weight. The results of the correlation analysis between 

the density of microplastics and the body weight of the Nerita snail obtained a positive 

correlation (Figure 4). The value of the positive correlation coefficient (r) indicates the close 

relationship between the variable X and variable Y which is in the same direction, this means 

that the higher the value of the variable X, the value of the variable Y will increase. 

Positive correlation of microplastic density in the body of the Nerita Snail with the weight 

of the snail, influenced by the eating habits of gastropods. Gastropods have very diverse eating 

habits which can be seen from the different structures of the radula. Gastropods eat microalgae 

slowly moving over the substrate while collecting food is called a "deposit feeder" which 

absorbs contained in the sediment. 
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However, when viewed from the correlation coefficient of 0.153131, the correlation is 

very weak. The value of the correlation coefficient ranges from 0.00 to 0.199, including the 

type of very weak correlation. This is likely because food is needed more for sexual activity 

than for growth. Mangrove snails spend more energy from food to reproduce than to grow. 

 

 
 

Figure 4. Graph of Microplastic Density Relationship with Nerita Snail Weight 

 

 

The Relationship of Microplastic Density in the Snail's Body with the Aquatic 

Environment  

Microplastic found in the Nerita Snail's body was obtained from thefood 

habitandfeeding habitof the Nerita Snail. Correlation analysis was carried out on the density of 

microplastics in the snail body with the density of microplastics in the sediment, as well as in 

the water column. 

 

a) Microplastics in Nerita Snails and Sediments 

Microplastics are eaten by Nerita Snails which have habitats in sediments. The sediment 

at the research site has mud characteristics. The results of the calculation of the correlation of 

microplastics in Nerita Snails with microplastics in sediments, showed that all sizes of Nerita 

Snails studied showed a negative correlation or relationship and different types of correlations 

for each size of Nerita Snails (Table 4) 

In the large size Nerita snail, it produces a type of correlation that includes very strong, 

and negative correlation. The negative correlation indicates that the higher the microplastic in 

the snail does not indicate the microplastic relationship in the sediment which means the 

opposite direction. This may indicate that the Nerita Snails obtained at the time of data 

collection are actually foraging in the sediment or substrate environment that is the habitat of 
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the Nerita Snails. This indication is supported by that microalgae-eating gastropods slowly 

move over the substrate while collecting food called "deposit feeders" absorbing those 

contained in the sediment. 

 

Table 4. Correlation of Microplastics in Nerita Snails and Sediment 

 

Size of the 

Nerita Snail 

Correlation 

Correlation 

coefficient 

Type of 

correlation 

Trait 

Correlation 

Large -0,948847 Very strong Negative 

Medium -0,388379 Weak Negative 

Small -0,750568 Strong Negative 

 

 

b) Microplastics in the Nerita Snail and the Water Column  

The results of the calculation of the correlation of microplastics in the Nerita Snail biota 

with microplastics in the water column, showed that all sizes of the Nerita Snail studied showed 

a negative correlation or correlation with different types of correlation at each size of the Nerita 

Snail (Table 5). 

 

Table 5. Correlation of Microplastics in Nerita Snail and Water Column. 

 

Size of Nerita 

Snail 

Correlation 

coefficient 

Type of 

correlation 

Trait 

Correlation 

Large -0.775114 Strong Negative 

Medium -0.079904 Very weak Negative 

Small -0.940147 Very strong Negative 

 

 

4.  CONCLUSIONS 
 

Based on water quality parameter data, water conditions in the Batukaras Mangrove 

Area, Pangandaran, are suitable for marine life and mangroves, with an average temperature of 

28.7 °C, pH 8.53, salinity 25 ppt and DO 11.3 mg/day. L. Microplastics were found in the water 

column (density 1.75-3 particles/L), and bottom substrate (density 1.75–3 particles/gram), as 

well as in the body of the snailgram). Nerita articulata (density 3.25-5.75 particles/grams). The 

type of microplastic fiber was dominant in the water column and substrate, as well as fragments 

in the snail Nerita articulata. The type and density of microplastics that accumulate in water, 

substrate and activity snail biota around the station location. 
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Microplastic accumulation was also found in the samples of snails Nerita articulata, in 

the small, medium and large size categories. The types of microplastics obtained were 

fragments, films, fibers and pellets. The results of the correlation analysis between the density 

of microplastics in the snail's body and the weight of the snail's weight showed a positive 

correlation, with a correlation coefficient of r = 0.153131, meaning a positive correlation. 
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