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jono.,beac. A total of 19 crab species belonging to five families were recorded, with

Perisesarma lanchesteri being the most abundant species (36.75%). Crab
diversity varied among stations, with the highest diversity occurring at Station II1
(H* = 2.67), which was characterized by heterogeneous sand, mud, and clay
substrates. PCA further indicated that temperature, air humidity, and light
intensity were associated with the community structure at Station III. These
findings demonstrate that differences in mangrove substrate characteristics are
associated with spatial variation in crab community structure, with heterogeneous
substrates supporting higher crab diversity. The novelty of this study lies in
demonstrating the spatial variation of crab communities across contrasting
mangrove substrates and identifying the environmental factors associated with
this variation at Jono Beach, Batu Bara Regency.
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INTRODUCTION

Batu Bara Regency is one of the coastal regions in North Sumatra Province, Indonesia, characterized by
substantial marine and coastal resource potential. Situated along the eastern coast of Sumatra and bordering
the Malacca Strait, the regency extends between 2°03'00"—3°26'00" N latitude and 99°01'00"-100°00'00" E
longitude (Batu Bara Regency Government, 2023). Among its important coastal ecosystems are mangrove
forests, including those located at Jono Beach in Lalang Village. Mangrove ecosystems provide numerous
ecological services, such as protecting shorelines from coastal erosion, sequestering carbon, maintaining
coastal productivity, and serving as essential habitats for a wide variety of aquatic and terrestrial organisms
(Karimah, 2017). Mangrove vegetation produces abundant litter, leaves, roots, and other organic materials that
function as nutrient sources while providing shelter, feeding grounds, and breeding habitats for diverse fauna.
Their high primary productivity makes mangrove forests among the most biologically productive and species-
rich coastal ecosystems (Ministry of Marine Affairs and Fisheries, 2017).

Crabs are one of the dominant faunal groups inhabiting mangrove ecosystems. They belong to the phylum
Arthropoda, subphylum Crustacea, and order Decapoda, and exhibit remarkable adaptability to fluctuating
environmental conditions, including tidal cycles, salinity, temperature, and substrate characteristics.
Ecologically, crabs play essential roles as detritivores, litter decomposers, sediment bioturbators, and key
components of mangrove food webs (Rahayu et al., 2017; Sarjani et al, 2025). By consuming mangrove litter,
crabs accelerate organic matter decomposition and nutrient recycling, while their burrowing activities enhance
sediment aeration and reduce the accumulation of toxic compounds such as hydrogen sulfide (H-S), thereby
contributing to the stability and functioning of mangrove ecosystems (Harshith et al., 2016).

The composition and diversity of crab communities are strongly influenced by habitat characteristics.
Environmental variables such as temperature, salinity, pH, substrate type, and mangrove vegetation structure
affect the distribution, abundance, and diversity of crab species. Consequently, crab diversity is widely
recognized as a valuable biological indicator for assessing the ecological condition and health of mangrove
ecosystems. Generally, mangrove habitats with better environmental quality support higher crab species
diversity, making community structure analyses useful for ecosystem monitoring and conservation planning.

Jono Beach in Lalang Village is a coastal area of Batu Bara Regency that still retains relatively undisturbed
natural mangrove vegetation with limited anthropogenic disturbance. This ecosystem supports a variety of
coastal organisms, including crabs, while also contributing to local fisheries. In addition to its ecological
importance, the area has considerable potential for mangrove-based ecotourism development (Sihombing et
al., 2023). Despite its ecological significance, information regarding crab diversity within the mangrove
ecosystem of Jono Beach remains limited. Previous studies conducted in Batu Bara Regency have primarily
focused on mangrove vegetation, environmental quality, or coastal tourism potential, whereas comprehensive
data on crab species composition, diversity, and their relationships with habitat characteristics are still lacking.
This lack of ecological information limits the scientific basis for effective conservation and sustainable
management of the mangrove ecosystem in the area.

Based on these issues, research on crab diversity in the mangrove ecosystem of Jono Beach, Lalang Village,
Batu Bara Regency is important for determining the level of diversity and species composition of crabs and
for analysing their relationship with environmental parameters in the study area. This study is expected to
provide information on crab species composition and diversity, as well as environmental factors associated
with their distribution and occurrence. The findings are expected to serve as baseline information to support
the management, conservation, and sustainable utilization of the mangrove ecosystem in the area.

MATERIALS AND METHOD

The study on crab diversity in the mangrove ecosystem of Jono Beach was conducted from January to
March 2026 at Jono Beach, Lalang Village, Batu Bara Regency, North Sumatra, Indonesia. The equipment
used in this study included measuring tape, a soil meter, a refractometer, crab traps, a digital camera, raffia
rope, a Global Positioning System (GPS) device, sample bottles, transparent sample containers, a lux meter,
and wooden stakes for plot establishment. The materials used consisted of 70% ethanol for specimen
preservation, chicken viscera or dead fish as bait for crab traps, and stationery for field data recording.
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Figure 1. Sampling site

The equipment used in this study included a measuring tape, soil meter, refractometer, crab traps, camera,
raffia rope, GPS, sample bottles, transparent sample containers, lux meter, stakes, name labels, and writing
materials. The materials used consisted of 70% alcohol and chicken viscera as bait. Crab identification was
supported by several references, including Marine Decapod Crustacea of Southern Australia (Poore, 2004),
FAO Species Identification Guide for Fishery Purposes (Carpenter and Niem, 1998), Guideline to
Identification of Deep-Sea Crabs (Wisespongpand, 2011), and relevant scientific journals. Identification was
also supported by official online databases and platforms, including the World Register of Marine Species
(WoRMS), Fiddler Crabs, Crab Database, and iNaturalist (Murniati et al., 2022).

This study employed an observational method, with sampling locations determined using purposive
sampling to obtain data on crab diversity. Data collection was conducted through direct observation and species
identification at each research station, accompanied by measurements of environmental parameters, including
temperature, salinity, pH, light intensity, air humidity, and other environmental characteristics that may
influence the occurrence and distribution of crabs.

Crab sampling was conducted using observation plots combined with three 33 m long line transects at each
sampling station. Five observation plots measuring 5 x 5 m were established at each station and arranged in a
zig-zag pattern at 2-m intervals along the transect lines (Razak, 1998). When crab individuals were found
inside burrows during sampling, they were collected using the digging method, in which the burrows were
excavated to a depth of 20 cm using a small shovel. Species belonging to the genus Scylla were specifically
collected using crab traps (Ruwaida, 2021). The data were analyzed using abundance, relative abundance,
diversity, dominance, evenness, similarity, species richness, and Principal Component Analysis (PCA).

RESULTS AND DISCUSSION

Based on the results of the study, a total of 19 crab species belonging to five families were identified. The
composition of crab species varied among the sampling stations, both in terms of the number of species and
families recorded. At Station I, 16 species belonging to three families were recorded; at Station II, 16 species
belonging to five families were identified; while Station III had the highest species composition, with 19
species belonging to five families.
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Table 1. Crab Species Composition at the Study Site
Station I Station Station

No Family Species I I
1 Portunidae Seylla olivacea - v N
2 Scylla serrata - v \
3 Menippidae Myomenippe hardwickii - v \
4 Ocypodidae Austruca variegata ~ v A\
5 Austruca lactea < \/ N
6 Austruca annulipes v v v
7 Austruca vocans 3 v |
8 Austruca bengali v v |
9 Austruca perplexa \/ \/ \/
10 Tubuca signata ~ v \
11 Tubuca paradussumieri v - |
12 Tubuca rosea + N N
13 Gelasimus jocelynae + + N
14 Grapsidae Metopograpsus quadridentatus v v |
15 Sesarmidae Geosesarma sp. v - N
16 Parasesarma noduliferum v - \
17 Perisesarma lanchesteri v v |
18 Episesarma versicolor v v v
19 Parasesarma pictum v v v

The results of crab observations across all sampling stations showed differences in species abundance, with
the highest number of individuals recorded at Station IIl. This pattern was associated with the substrate
characteristics at the station, which consisted predominantly of sandy mud with a small proportion of clay. The
family Ocypodidae was dominant across all sampling stations. According to Peer et al. (2015) and Masiyah et
al. (2021), the distribution of the family Ocypodidae is strongly influenced by substrate type because of its
association with the burrows used by these crabs as shelters. The results showed that all crab species could be
found in muddy-sandy substrates, as the structure of burrows in this type of substrate is sufficiently stable to
remain intact during high tides. This finding is supported by Actuti et al. (2019), who reported that muddy-
sandy substrates provide suitable conditions for the survival of fiddler crabs because of their relatively stable
structure. Crab distribution is also influenced by food availability in muddy-sandy substrates, as crabs are
generally deposit feeders (Murniati, 2010; Setiawan et al., 2025).

Observations conducted across all sampling stations at Jono Beach, Lalang Village, Batu Bara Regency,
recorded a total of 11,684 crab individuals representing various species. The most abundant species was
Perisesarma lanchesteri, with 1,433 individuals, whereas the lowest abundance was recorded for Scylla
olivacea, with 17 individuals.
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Figure 2. Total Number of Individuals Across All Sampling Stations
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These findings indicate that the study area provides suitable habitat conditions for the Brachyura
community, particularly within mangrove ecosystems characterized by muddy substrates. Crab distribution is
influenced more strongly by sediment characteristics than by water quality. Botto and Iribarne (2000) stated
that the activity of burrowing crustaceans, including crabs, is closely associated with sediment properties. Devi
et al. (2021) further reported that crab distribution is influenced by vegetation, substrate type, food availability,
salinity, and the presence of other organisms. Pandya and Vachhrajani (2021) also noted that crab density and
distribution are affected by sediment composition and overall habitat characteristics. The most abundant
species was Perisesarma lanchesteri, with 1,433 individuals. This species is a sesarmid crab that functions as
a detritivore by utilizing mangrove leaf litter as a food source (Gao et al., 2024). Its high abundance may be
associated with its strong adaptability to mangrove habitats, particularly muddy-sandy substrates rich in
organic matter (Hui et al., 2024; Tongununui et al., 2021; Gao et al., 2024). In contrast, Myomenippe
hardwickii had the lowest abundance, with only 10 individuals. This species tends to inhabit hard substrates,
such as rocky areas and dense mangrove roots; therefore, the sandy and muddy substrates at the study site may
be less suitable for its habitat requirements (Praved et al., 2026).

Based on the results of the study, the abundance index across all sampling stations was 31.157. The
abundance index at Station I was 7.40, at Station II was 7.62, and at Station III was 16.14.

Table 2. Abundance Index and Relative Abundance of Crabs

No Species :gﬁ:ludt:cge Relative abundance (%)
1 Scylla olivacea 0.045 0.50
2 Scylla serrata 0.072 0.78
3 Myomenippe hardwickii 0.027 0.31
4 Austruca variegata 2.704 28.70
5 Austruca lacteal 2.621 26.48
6 Austruca annulipes 2.744 26.96
7 Austruca vocans 2.315 21.13
8 Austruca Bengali 1.704 16.62
9 Austruca perplexa 2.224 21.07
10 Tubuca signata 0.920 7.99
11 Tubuca paradussumieri 0.317 2.44
12 Tubuca rosea 2.245 20.71
13 Gelasimus jocelynae 1.845 17.71
14 Metopograpsus quadridentatus 1.888 19.69
15 Geosesarma sp 0.445 3.31
16 Geosesarma noduliferum 0.349 2.63
17 Perisesarma lanchesteri 3.821 36.75
18 Episesarma versicolor 2.157 20.54
19 Parasesarma pictum 2.712 25.68

Total 31.157 100

The high abundance at Station III was presumably associated with sediment conditions and the availability
of organic matter as a food source for organisms (Siahaan ef al., 2018). Organic matter originates from the
weathering and decomposition of plants, remains of dead organisms, waste, and uneaten food, which are
decomposed by bacteria into nutrients. Organic compounds that are not utilized in the water column eventually
settle on the bottom, enriching the sediment with nutrients derived from sediment decomposition as well as
from the remains of dead flora and fauna (Edward and Tarigan, 2003; Pramita et al., 2021).

The highest relative abundance was recorded for Perisesarma lanchesteri, with a relative abundance of
36.75%, whereas the lowest was recorded for Myomenippe hardwickii, at 0.31%. The high abundance of
Perisesarma lanchesteri is associated with its ability to adapt to muddy-sandy habitats with high organic matter
content, which supports food availability (Botto and Iribarne, 2000; Chen and Ye, 2010). Burrowing activity
also enhances sediment aeration and improves redox conditions, thereby supporting biogeochemical processes
and nutrient availability (Warren and Underwood, 1986; Wolfrath, 1992; Hua et al., 2024). Bioturbation by
crabs further influences sediment structure, oxidation processes, and nutrient distribution, thereby supporting
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nitrification processes (Ferreira et al., 2007; Kristensen and Alongi, 2006; Hua et al., 2024; Cheng et al., 2020;
Zhao et al., 2016).

Based on the results of the study, the overall Shannon—Wiener diversity index (H’) was 2.64, which falls
within the moderate diversity category. The diversity index at Station I was 2.46, while Station II and Station
IIT had values of 2.53 and 2.67, respectively.
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Figure 3. Diversity Index of Crabs at Jono Beach, Lalang Village, Batu Bara Regency

Moderate diversity indicates a relatively adequate level of productivity, a relatively balanced ecosystem
condition, and an intermediate level of ecological pressure. The moderate diversity and variation in diversity
index values among crab species may be attributed to several factors, including ecosystem disturbances caused
by environmental pressures (Kamal et al., 2024). The moderate diversity index may also result from an uneven
distribution of species, indicating that no single species was overwhelmingly dominant at the study site (Talo
and Ina, 2023). Moderate diversity suggests that only certain species are capable of adapting to and surviving
under the prevailing environmental conditions, while some species may become relatively dominant within
the ecosystem (Krisnawati et al., 2018; Candri et al., 2019; Li et al., 2019). Furthermore, moderate diversity
indicates a relatively adequate level of productivity, relatively balanced ecosystem conditions, and
intermediate ecological pressure, suggesting that the environment remains capable of supporting the
persistence of various species (Kamal et al., 2024).

The results showed that the dominance index at all three sampling stations was classified as low. Station 1,
located in the mangrove area, had the highest dominance index, with a value of D' = 0.10, which was
categorized as low. In contrast, the lowest dominance index was recorded at Station III, with a value of D' =
0.07, also classified as low.
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Figure 4. Values of Dominance Index, Evenness Index, and Species Richness Index
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Magurran (2004) explained that a dominance index value approaching zero indicates the absence of a
dominant genus or species within the community, suggesting that the community structure tends to be stable.
A low dominance value also indicates that species have relatively equal opportunities to utilize the resources
available in the environment (Alwi et al., 2020; Shalehati et al., 2023). The evenness index values at the three
sampling stations were classified as high. Station I had the highest evenness index, with a value of E = 1.13,
categorized as high, whereas Stations II and III had the lowest evenness value of E = 1.10, also categorized as
high. Based on these values, all three sampling stations were classified as having very high evenness, indicating
that individuals were relatively evenly distributed among species. High evenness values indicate the absence
of a dominant species and relatively stable community conditions (Kamal et al., 2024). This condition may be
influenced by adequate food availability and interspecific interactions in utilizing available resources (Rahayu
et al., 2018). In addition, the level of evenness is also associated with environmental conditions at each
sampling station (Sari et al., 2018).

The species richness index values at the three sampling stations were classified as low. Station III had the
highest species richness index, with a value of R =2.07, categorized as low, whereas Station II had the lowest
value, with R = 1.88, also categorized as low. Based on the obtained values, all three sampling stations were
classified as having very low species richness. This condition was presumably associated with habitat
characteristics and environmental pressures, both natural and anthropogenic, which may limit the presence of
various crab species. Colpo ef al. (2021) stated that crab species richness is influenced by mangrove ecosystem
conditions, including vegetation area and complexity, as well as environmental pressures. Larger and more
structurally complex mangrove areas can provide resources such as leaf detritus as a food source for crabs,
while also reducing environmental fluctuations caused by waves, tides, and erosion (Suarez-Mozo et al., 2025).
More stable habitat conditions can support the presence of a greater number of crab species and consequently
increase species richness (Sharifian et al., 2020).

Based on the calculation of the Sgrensen similarity index, the crab communities showed a high degree of
similarity among the sampling stations. The similarity index between Stations I and Il was 0.81 (81%), whereas
the similarity indices between Stations I and III and between Stations II and I1I were both 0.91 (91%).
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Figure 5. Similarity Index Values

Values approaching 1 indicate a high similarity in species composition, suggesting that most species
recorded at one station are also present at the other stations (Sorenson, 1948). The high similarity among
sampling stations indicates relatively similar habitat conditions, despite differences in substrate characteristics.
Similarity in mangrove vegetation and the ranges of physicochemical factors, such as salinity and tidal
conditions, may contribute to the relatively uniform distribution patterns of crabs among the sampling stations
(Aryanti et al., 2021).

Based on the results presented in Table 3, the measurements of environmental parameters showed variations
in conditions among the sampling stations. The highest temperature was recorded at Station III, with an average
of 32.7 °C. Air humidity also reached its highest value at the same station, at 73%. Meanwhile, the highest pH
and salinity values were recorded at Station I, at 7.8 and 28.1%o, respectively. The highest light intensity was
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recorded at Station III, with an average value of 14,033 lux. The substrate composition also differed
considerably among the sampling stations. Station I was dominated by sandy substrate, accounting for 83.5%,
with a mud content of 16.6%. Station II was dominated by muddy substrate at 83.5%, followed by sand at
16.5%. In contrast, Station III had a more diverse substrate composition, consisting of 25.3% sand, 58.1%
mud, and 16.6% clay.

Tabel 3. Physical and Chemical Environmental Parameters

. Temperature Air humidity Salinity . ngh.t Substrat (%)
Station C) (%) pH (%o) intensity
(Lux) Sand Muddy Clay
I 32,5 67,2 7,8 28.1 13.833 83,5 16,5 0
II 30,3 70,0 7,4 27,1 7.960 16,5 83,5 0
111 32,7 73,0 7,5 25,1 14.033 25,3 58,1 16,6

Jono Beach is characterized by sandy-mud sediment that supports crab communities within the mangrove
ecosystem. Organic matter-rich sediments provide nutrients for benthic organisms, while accumulated
mangrove litter serves as a food source for deposit-feeding crustaceans. The relatively soft sediment texture
also facilitates burrow excavation by crabs for shelter and reproduction (Ansyar et al., 2025). The occurrence
and abundance of crabs are influenced by habitat characteristics and environmental factors, including
temperature, air humidity, pH, salinity, and light intensity. Overall, the environmental conditions at the study
site remain suitable for crab survival. The temperature ranged from 30.3-32.7 °C and remained within the
eurythermal tolerance range, indicating that temperature was unlikely to be a limiting factor for crabs (Talo
and Ina, 2023). This range is also consistent with the optimal temperature range for crabs, which is
approximately 25-35 °C (Hastuti ef al., 2019). Air humidity ranged from 67—73%, reflecting typical conditions
of tropical mangrove ecosystems and being associated with canopy cover density and daily fluctuations in
humidity in coastal areas (Dalengkade, 2020).

The pH values ranged from 7.4-7.8, which falls within the range generally suitable for marine organisms
(6-8). These conditions allow physiological processes to proceed normally, whereas excessively low or high
pH levels may interfere with organismal metabolism and reproduction (Patty et al., 2015 in Talo and Ina,
2023). Salinity ranged from 25-28.1%o, which is also suitable for crabs because it remains within the reported
tolerance range of 22-35%o (Salsabiela, 2020). Light intensity ranged from 7,960-14,033 lux and may
influence the distribution of organisms according to their respective preferences for light conditions (Odum,
1996 in Hanafi et al., 2020).

The results of the Principal Component Analysis (PCA) showed that at Station III, environmental
parameters including temperature, air humidity, and light intensity had a strong association with crab diversity.
In contrast, pH and salinity were more closely associated with Station I, while Station II did not show a strong
association with any of the measured environmental parameters.
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m

Rumph. Patti. Biol. J. Vol 8 | Iss 2 | Sept | 2026



This finding is consistent with Sharifian et al. (2020), who stated that temperature is a key environmental
driver controlling the distribution and species richness of mangrove crabs. Relatively high air humidity may
also contribute to greater diversity by helping maintain water balance, reducing the risk of dehydration, and
allowing crabs to perform their activities optimally (Lucu & Turner, 2024). Light intensity may also influence
crab activity and habitat utilization (Chan et al., 2024). The substrate characteristics at Station III, which were
dominated by mud (58.1%), followed by sand (25.3%) and clay (16.6%), provided a more heterogeneous
habitat that could support various crustacean species with different habitat preferences. This condition is
consistent with Cannicci et al. (2021), who reported that substrate characteristics are among the important
factors determining the distribution, composition, and community structure of mangrove crabs.

CONCLUSION

Based on the results of the study conducted at Jono Beach, Lalang Village, Batu Bara Regency, it can be
concluded that crab diversity in the study area was classified as moderate, with a Shannon—Wiener diversity
index (H') of 2.64. The analysis of the relationship between crab diversity and physicochemical environmental
factors indicated a strong association. Station III showed a strong association with environmental parameters,
including temperature, air humidity, and light intensity, indicating that these three parameters may contribute
to supporting crab diversity at the station.
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