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Abstract

	Indonesia is a maritime country with abundant marine biological resources, including benthic organisms inhabiting sandy coastal ecosystems. Mole crabs are benthic organisms that inhabit sandy beaches in the intertidal zone and are strongly influenced by substrate characteristics, particularly sediment grain size. This study aimed to determine the relationship between mole crab abundance and sediment grain size in the coastal areas of West Lombok Regency and Mataram City. The research was conducted in October 2025 at three observation stations using the line transect method with 1 × 1 m quadrats for mole crab sampling. Sediment samples were collected using a shovel and analyzed through sieve analysis to determine sediment grain size fractions, including fine sand, medium sand, coarse sand, and very coarse sand. Data were analyzed using correlation tests to evaluate the relationship between mole crab abundance and sediment grain size fractions. The results showed a total of 123 mole crab individuals consisting of two genera, namely Emerita and Hippa, with two identified species Emerita emeritus and Hippa adactyla. Correlation analysis revealed that the abundance of mole crabs had a negative correlation with the medium sand fraction (r = -0,48330) and with the mixed medium-to-coarse sand fraction (r = -0,44835). In contrast, the abundance of mole crabs showed a positive correlation with the very coarse sand fraction (r = 0,39587). These findings indicate that sediment grain size significantly influences the abundance and distribution of mole crabs in intertidal coastal ecosystems. This study provides important ecological information regarding habitat preferences of mole crabs and contributes to the understanding, management, and conservation of sandy beach ecosystems in Indonesia.
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1. introduction

Indonesia is a tropical maritime country with the highest marine biodiversity and abundant natural resources (Rangkuti et al., 2017). Coastal areas themselves represent ecosystems with a complex balance between terrestrial, marine, and atmospheric environments (Tinambunan, 2016). Tidal dynamics also influence coastal regions. According to Yulianda et al. (2013), the composition and distribution of species inhabiting coastal areas may be affected by extreme weather conditions; however, tidal conditions in these areas generally remain relatively stable.

One of the organisms inhabiting coastal areas is crustaceans, commonly known as mole crabs (Mashar, 2013). Mole crabs in Indonesia are still relatively understudied and not widely recognized (Darusman et al., 2015). According to Putri et al. (2023), there are three families of mole crabs, two of which have been reported in Indonesia, namely Albuneidae and Hippidae. One of the benthic macrofauna inhabiting sandy intertidal zones includes Hippa sp. and Emerita sp., which are locally known as mole crabs (Kaliky et al., 2025). Mole crabs exhibit distinctive behavior by emerging when waves approach, and conversely, when the waves recede, they burrow back into the sand for protection (Desi et al., 2020). Mole crabs have both economic and ecological importance. Economically, they can support local communities through their utilization and processing as local specialty foods for commercial purposes. Ecologically, mole crabs function as primary consumers in the food chain by feeding on detritus transported by wave action (Nugraha et al., 2018). Mole crabs also contain high nutritional value, including high protein, moisture, and fat contents, which may contribute to fulfilling community nutritional needs (Tuaputty & Salamanu, 2025).

Kuranji Beach, Meninting Beach, and Pondok Perasi Beach are among the coastal areas in West Nusa Tenggara that possess potential mole crab resources, particularly within West Lombok Regency and Mataram City. Setyowati et al. (2022) reported that communities around Kuranji Beach primarily work as fishers and mole crab harvesters. Similarly, communities around Meninting Beach and Pondok Perasi Beach are also predominantly engaged in fisheries-related activities due to their proximity to coastal areas.

Substrate is one of the most important factors influencing the life of mole crabs, as macrozoobenthic organisms generally inhabit and burrow into sandy substrates (Rahmadhani et al., 2023). Sediment grain size is recognized as one of the factors influencing the presence and distribution of mole crabs that live by burrowing into the substrate. Substrates such as mud and fine sand may inhibit the growth and survival of mole crabs because they are more difficult to penetrate and burrow into. In contrast, substrates dominated by medium to coarse sand are more favorable for the development of these organisms because they facilitate burrowing behavior, which is essential for avoiding predator attacks (Rahmadhani et al., 2023).

In addition to species diversity, the relationship between mole crab abundance and sediment grain size is also important to investigate, as mole crabs are benthic organisms inhabiting sandy beaches. Historically, only a limited number of systematic studies have been conducted on the two hippoid families, namely Albuneidae and Hippidae, at both regional and global scales (Boyko & Harvey, 1999). However, studies examining the relationship between mole crab abundance and sediment grain size in West Lombok Regency and Mataram City remain very limited or have not yet been conducted. In fact, these regions possess natural mole crab resources with potential ecological and economic value. Therefore, this study is important to better understand the relationship between mole crab abundance and sediment grain size in coastal ecosystems.

2. materials and methods

2.1 Study Site

The study was carried out in West Lombok Regency and Mataram City during in October 2025. The sampling locations are Meninting Beach, Pondok Perasi Beach, and Kuranji Beach and the research location is presented in Figure 1. These coastal areas are characterized by sandy intertidal habitats, which are suitable environments for mole crabs (Emerita spp. and Hippa spp.). 
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Figure 1. Location Map
2.2 Sampling
Sea mole crab sampling was conducted using the line transect method. Transects were established perpendicular to the shoreline with a length of 5–10 m, depending on the extent of the swash zone area or the highest high tide and lowest low tide limits, and 1 × 1 m quadrats were placed along each transect. Each observation station consisted of five sampling points with a distance of 25 m between points, and each point was divided into two swash zone areas, namely the upper swash zone and the lower swash zone (Figure 2). Sea mole crab samples were collected using a sediment-stirring technique with the assistance of a sand rake. The collected specimens were subsequently placed into labeled ziplock bags according to the designated capture zone or sampling point. In addition to sea mole crab samples, sediment samples were also collected at each sampling point using a scoop and stored in ziplock bags. To analyze sediment grain size, sediment samples were oven-dried at 100 °C. The dried samples were then sieved using a mechanical shaker with mesh sizes of 2 mm, 0.5 mm, 0.312 mm, 0.125 mm, and 63 µm. Subsequently, the weight of each sediment fraction was measured (Triapriyasen et al., 2016).
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Figure 2. Transect Design
2.3 Data Analysis

(a). Relative Abundance
Relative abundance is calculated using the formula (Odum, 1971)

		Where:
KR: Relative Abundance
N: Total number of individuals
ni: Number of individuals
(b). The analysis of sediment grains is calculated using the following formula.

 
Where:
Weight of fraction I: weight of each grain size fraction (g)
 
(c). Correlation Test
Correlation analysis was performed to determine the relationship between sea mole crab abundance and sediment grain size. After obtaining data on sea mole crab abundance and sediment grain fractions, a correlation test was conducted to evaluate the strength and direction of the relationship between these variables. The correlation coefficient (r) ranges from −1 to +1, where positive values indicate a direct (positive) relationship, while negative values indicate an inverse (negative) relationship between variables (Patimah et al., 2025). The correlation analysis was conducted using the following formula:


r = correlation coefficient
x,y = variable values
n = number of data pairs

3. Result and discussion

3.1 Types of Mole Crabs

Based on the results of the study, a total of 123 mole crab individuals were recorded across the three sampling locations. All specimens belonged to the family Hippidae and were represented by two species, namely Emerita emeritus and Hippa adactyla. Among the collected specimens, E. emeritus was the dominant species with 116 individuals, whereas only 7 individuals of H. adactyla were recorded. Mole crabs generally inhabit the swash zone of intertidal sandy beaches and exhibit burrowing behavior as a defense mechanism against predators during both high and low tide conditions. These organisms utilize wave action to facilitate burrowing into the substrate while simultaneously obtaining detritus as a food source. Mole crabs also display distinctive behavioral patterns by emerging from the sand when waves approach and rapidly reburying themselves as the waves recede toward the sea (Kadja et al., 2025). Emerita emeritus is commonly distributed within the intertidal swash zone, particularly between the upper and lower tidal limits, and is typically found at sediment depths of approximately 10–15 cm below the sand surface. In contrast, Hippa adactyla was encountered less frequently, likely due to its tendency to inhabit deeper sediment layers, generally ranging from 15–30 cm beneath the substrate surface.


3.2 Relative Abundance 

The relative abundance recorded across the three sampling stations ranged from 93.94% to 94.64% for Emerita emeritus, whereas Hippa adactyla accounted for only 5.36% to 6.06% of the total abundance (Figure 3). These results indicate that E. emeritus was the dominant species at all observation stations. Based on the distribution pattern among sampling locations, E. emeritus was most frequently encountered at Kuranji Beach. Field observations suggest that this dominance may be associated with the relatively wider swash zone at Kuranji Beach compared to the other two study sites, thereby providing more suitable habitat conditions for this species. In contrast, the abundance of H. adactyla at each sampling location was considerably lower than that of E. emeritus. The differences in abundance between these two species likely reflect differences in habitat preference and ecological adaptation. Emerita emeritus is generally known to inhabit the upper sediment layer at depths of approximately 0–30 cm beneath the sand surface, which may contribute to its higher occurrence and detectability during sampling activities (Nugraha et al., 2018).


Figure 3.  Relative abundance
3.3 Sediment Types 

Sediment characteristics constitute one of the important environmental factors influencing the presence and distribution of mole crabs. Based on field observations, the substrate at all three study locations was generally characterized by dark-colored sediment. However, variations in sediment coloration were observed among sampling stations. Meninting Beach was dominated by grayish-black sediment, Pondok Perasi Beach exhibited intensely dark black sediment, whereas Kuranji Beach was characterized by grayish-black sediment. Differences in sediment coloration may reflect habitat characteristics associated with the occurrence of mole crab species inhabiting these areas. Sediment serves as the primary habitat for mole crabs, and substrate color is known to influence the coloration of the crab carapace as part of environmental adaptation and camouflage mechanisms (Nugraha et al., 2018). The classification of sediment particle size is presented in Figure 4, while the results of sediment grain size analysis are shown in Figure 5 and Table 1.
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Figure 4 . Sediment Particle Classification (Wentworth, 1922)


Figure 5 . Sediment grain size graph
Table 1 . Sediment grain size
	Station
	Sediment color
	Sediment grain size
	Particle name

	Meninting Beach
	Grayish Black
	0,038-1,00
	Medium sand- Very coarse sand

	
	
	
	

	Pondok Perasi Beach
	Black 
	0,038-1,00
	Medium sand- Very coarse sand

	Kuranji Beach
	Grayish Black
	0,038-1,00
	Medium sand- Very coarse sand

	
	
	
	



3.4 Correlation Test

3.4.1 The correlation between the abundance of sand crabs and the medium sand fraction.

The results of the spearman correlation analysis indicated a moderate negative relationship between mole crab abundance and the medium sand sediment fraction, with a correlation coefficient value of rs = -0.4833. This finding suggests that an increase in the proportion of medium sand within the substrate tends to be associated with a decrease in mole crab abundance. The negative association was further supported by the linear regression analysis, which produced a declining trend line represented by the equation y= -8.716x+15.542. The regression pattern demonstrates that higher percentages of medium sand correspond to lower abundance values of mole crabs across the study sites. The coefficient of determination revealed that approximately 42.06% of the variation in mole crab abundance could be explained by the medium sand fraction. The remaining variation is likely influenced by additional environmental variables that were not examined in the present study, such as wave energy, beach slope, swash zone dynamics, and anthropogenic disturbances in the coastal environment. These results indicate that sediment composition plays an important ecological role in shaping the distribution and abundance of mole crabs in sandy beach ecosystems, although it does not act as the sole controlling factor. The observed negative relationship may be related to the physical properties of substrates dominated by medium sand particles. Mole crabs are benthic crustaceans that inhabit intertidal sandy beaches and rely heavily on rapid burrowing behavior for protection against predators and wave action. Substrates with a higher proportion of medium sand are generally more compact, resulting in narrower pore spaces and reduced sediment mobility. Such conditions may limit the efficiency of burrowing activities and reduce the ability of mole crabs to reposition themselves within the swash zone. In addition, compact sediment structures may decrease oxygen circulation within the substrate, potentially creating less favorable conditions for the survival and ecological adaptation of mole crabs. Consequently, beaches characterized by higher medium sand content may provide less suitable habitat conditions for sustaining high mole crab abundance
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Figure 6. Correlation between the abundance of sand crabs and the medium sand fraction
3.4. The correlation between the abundance of sand crabs and the medium and coarse sand fractions.

The results of the Spearman correlation analysis showed that mole crab abundance had a negative relationship with the combination of medium sand and very coarse sand fractions, with a correlation coefficient value of rs = -04483. This value indicates that the relationship was moderate, where an increase in the dominance of medium sand and very coarse sand fractions tended to be followed by a decrease in mole crab abundance. This negative relationship was further supported by the linear regression analysis, which produced a declining trend line with the equation y = -12.971x+20.47. The equation indicates that higher percentages of the combined medium sand and very coarse sand fractions in the beach substrate tend to be associated with lower mole crab abundance. The coefficient of determination indicates that approximately 20.47% of the variation in mole crab abundance could be explained by the combination of medium sand and very coarse sand fractions, while the remaining variation was influenced by other environmental factors not analyzed in this study. The relatively low coefficient of determination suggests that the influence of these two sediment fractions on mole crab abundance is relatively small compared to other environmental factors, such as wave energy, current patterns, beach slope, swash zone dynamics, and the ecological conditions of coastal habitats. The observed negative relationship is thought to be associated with the physical characteristics of the substrate, which are less favorable for the survival activities of mole crabs. Medium sand fractions generally have a denser sediment structure that may limit interparticle spaces and reduce substrate flexibility for burrowing processes. Meanwhile, very coarse sand fractions consist of larger and rougher particles, which may result in a less stable substrate for benthic organisms that rely on burying themselves within the sand. The combination of these two sediment types is therefore assumed to create habitat conditions that are less suitable for supporting optimal burrowing activity of mole crabs.
Top of Form
Bottom of Form



Figure 7. Correlation between the abundance of sand crabs and the medium and coarse sand fractions
3.4.4 The correlation between the abundance of sand crabs and the very coarse sand fraction.

The results of the Spearman correlation analysis showed that mole crab abundance had a positive relationship with the very coarse sand fraction, with a correlation coefficient value of . This value indicates that the relationship was weak to moderate, where an increase in the percentage of very coarse sand tended to be followed by an increase in mole crab abundance. This positive relationship was also supported by the linear regression trend line, which showed an increasing pattern between the percentage of very coarse sand and mole crab abundance at the study sites.The positive relationship obtained suggests that  substrates with higher proportions of very coarse sand tend to provide more suitable habitat conditions for the presence of mole crabs. The very coarse sand fraction consists of larger sediment particles, resulting in looser interparticle spaces and improved water and oxygen circulation within the substrate. These conditions may facilitate the burrowing activity of mole crabs compared to denser and finer substrates. The ability to rapidly bury themselves is an important adaptation that enables mole crabs to maintain their position within the swash zone and avoid predators as well as wave action. In addition to influencing burrowing activity, substrates dominated by very coarse sand are also thought to be more stable under wave dynamics in the intertidal zone. Mole crabs are benthic organisms that inhabit high-energy sandy beaches and are strongly influenced by the physical characteristics of the sediment. Coarser substrates may allow these organisms to move and adapt more effectively to changes in currents and wave action, thereby increasing their survival opportunities and improving feeding efficiency within the swash zone. Coarser sediment generally indicates relatively strong wave energy, whereas finer sediment is associated with calmer wave conditions (Nugroho & Basit, 2014).
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Figure 8. Correlation between the abundance of sand crabs and the very coarse sand fraction
4. Conclusion

This study demonstrates that sediment grain size plays an important ecological role in influencing the abundance and distribution of mole crabs in the sandy beach ecosystems of west lombok regency and mataram city. A total of 123 mole crab individuals were recorded during the study, consisting of two species, namely emerita emeritus and hippa adactyla. The dominant species was e. Emeritus, with the highest abundance recorded at kuranji beach, ranging from 93.94% to 94.64%. In contrast, h. Adactyla was found in relatively low numbers, ranging from 5.36% to 6.06%. Sediments at all study stations were dominated by sand with grain sizes ranging from 0.038 to 1.00 mm, which were classified as medium sand to very coarse sand. Beaches dominated by the medium sand fraction tended to support lower mole crab abundance, whereas substrates containing higher proportions of very coarse sand were generally associated with increased mole crab abundance. These findings indicate that sediment characteristics strongly influence habitat suitability for mole crabs, particularly in relation to burrowing activities and adaptation to swash zone dynamics. The dominance of emerita emeritus across all observation stations suggests that this species possesses greater ecological adaptability to the environmental conditions of the studied coastal habitats compared to hippa adactyla. Variations in mole crab abundance among stations also reflect the influence of local habitat conditions, including sediment composition and swash zone characteristics, which play important roles in feeding activities, movement, and protection against predators and wave action. Overall, this study provides additional ecological information regarding the habitat preferences of mole crabs in tropical sandy beach ecosystems. The findings are expected to contribute to coastal management and conservation efforts, particularly in maintaining sediment stability and habitat quality within intertidal zones that support benthic organism communities. Furthermore, the results highlight the importance of sediment characteristics as one of the ecological indicators for monitoring the condition and sustainability of coastal ecosystems.
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The relationship between mole crab abundance and the medium sand fraction.

Kelimpahan (ind/m2)	
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The relationship between mole crab abundance and the medium sand & very coarse sand fraction.

Kelimpahan (ind/m2)	
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The relationship between mole crab abundance and the very coarse sand fraction.

Kelimpahan (ind/m2)	
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Tabel 1. Klasifikasi Skala Wentworth (Wentworth, 1922)

Nama Partikel Diameter Partikel (mm)
‘Boulders (bongkah) >256

Gravel (Kerikity Cobbes (kerakal) 64-256
Pebbles (kerikil) 4-6
Gramules (butir) 2-4
Very coarse sand (sangat kasar) 1-2
Coarse sand (kasar) 05-1

Sand (pasir)  Medium sand (sedang) 025-05

Fine sand (halus) 0125-025
Very fine sand (sangat halus) 00625 -0.125

il (lanau) 0.004 - 0.0625 (17256 - 1/16)

Clay (lempung) <0.004 (<11256)





