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Abstract

Mangrove gastropods, a highly diverse group of mollusks, play a critical yet often overlooked role in mangrove
ecosystems. This study investigates the distribution and abundance of mangrove gastropods in two study sites with
distinct management regimes: Matang Mangrove Forest Reserve (MMFR) and Setiu Wetlands (SW) in Peninsular
Malaysia. Gastropod sampling was conducted over two days in April 2023, with one-hour visual encounter surveys
performed at each study site per day. A total of 3,717 individuals, representing 26 species, were collected across
both study sites. The family Ellobiidae was predominant in MMFR, while the family Littorinidae dominated in SW.
Despite the higher biodiversity of both mud-dwelling and tree-dwelling species observed in MMFR, the overall low
abundance of gastropods indicates negative impacts from greenwood exploitation and the widespread monoculture
of Rhizophora spp. In contrast, the reduced diversity of mud-dwelling species in SW may be attributed to suboptimal
sediment conditions caused by a shifted Setiu River mouth, low freshwater discharge, and increased sedimentation.
This study provides precise assessments of species distribution across various microhabitats, offering essential
baseline data for future ecological monitoring. Improved management practices, including habitat restoration,
protection of biodiversity hotspots, and community engagement, are critical for sustaining gastropod populations
and ensuring the long-term health and resilience of these vital coastal ecosystems. The findings highlight the
sensitivity of gastropods to environmental changes and emphasize the need for adaptive conservation strategies
to mitigate human impacts on mangrove ecosystems. This study serves as a foundation for developing effective
conservation strategies to protect mangrove ecosystems, crucial for maintaining gastropod populations and the
overall health of coastal ecosystems.
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ecological functions, such as nutrient recycling, litter
decomposition, and energy transfer within food webs.

Mangrove  ecosystems are  globally These functions directly influence ecosystem
recognized for their ecological, environmental, and productivity and health (Strong et al., 2007). More
socioeconomic value. They provide vital services, than 300 species of gastropods are associated with

Introduction

including carbon storage, coastal protection, and
food and livelihood support for millions of coastal
residents (Brander et al., 2012; Vo et al., 2012;
Mohamed et al., 2024). However, these ecosystems
face severe threats from deforestation, climate
change, and land conversion—particularly in
Southeast Asian hotspots like Myanmar, the
Philippines, Malaysia, Cambodia, and Indonesia
(Primavera, 2008; Gandhi and Jones, 2019; Samanta
et al.,, 2023; Parkinson and Wdowinski, 2022).
Encouragingly, recent conservation efforts have
slowed the rate of mangrove loss. These efforts
demonstrate how sustainable management and
restoration can protect these essential ecosystems
(Friess et al., 2016, 2020).

Mangrove gastropods—a highly diverse class
of molluscs—are a critical yet often overlooked part of
mangrove ecosystems. They perform essential

mangroves (Brown and Lydeard, 2010). They serve
various ecological roles, including filter feeding,
scavenging, herbivory, and predation, all contributing
to the complex functioning of these habitats (Proffitt
and Devlin, 2005). The diversity and abundance of
these gastropods are key indicators of ecosystem
health and resilience.

Gastropods also act as valuable bioindicators
due to their sensitivity to environmental changes and
pollutants, such as heavy metals (Wolswijk et al.,
2020). These pollutants can accumulate in mangrove
ecosystems, threatening both ecosystem health and
public safety (Oehlmann and Oehimann, 2003; Kotte-
Mapoko et al., 2017, 2021). Thus, understanding
gastropod distribution and abundance is crucial for
managing and conserving mangrove ecosystems.
Monitoring gastropod populations allows for better
assessment of ecosystem dynamics and aids in

*) Corresponding author
© llmu Kelautan, UNDIP

https://ejournal.undip.ac.id/index.php/ijms
DOI: 10.14710/ik.ijms.29.4.425-432

Received : 17-09-2024
Accepted : 29-11-2024



ILMU KELAUTAN: Indonesian Journal of Marine Sciences December 2024 Vol 2(4):425-432

preserving the ecological and socioeconomic benefits
that mangroves provide.

In Peninsular Malaysia, two key mangrove
sites offer unique contexts for studying gastropod
diversity and abundance: the Setiu Wetlands (SW) on
the east coast and the Matang Mangrove Forest
Reserve (MMFR) on the west coast. The MMFR, a
globally renowned managed mangrove forest
spanning over 40,000 ha, focuses on commercial
activities—primarily  charcoal  production and
construction pole harvesting from Rhizophora
apiculata and R. mucronata—following a 30-year
rotation cycle (Chong, 2006; Satyanarayana et al.,
2021; Chen et al., 2024). This intensive resource
extraction places significant pressure on the
mangrove ecosystem, which may influence gastropod
diversity and abundance. Monitoring these
populations in this context is essential to understand
how resource extraction affects ecosystem resilience.

In contrast, the Setiu Wetlands (SW) covers
approximately 400 ha and faces different challenges.
While less commercially exploited, it contends with
natural hydrodynamic changes, including a shifted
river mouth, and mollusc collection by local
communities (Yahya et al., 2018). The SW has also
been impacted by increased salinity and altered
sedimentation patterns, which can affect gastropod
populations. Since its designation as a State Park in
2018 (Wahab, 2024), the SW has become a vital
fisheries hub, underscoring the need to understand
gastropod dynamics in maintaining biodiversity and
supporting sustainable livelihoods (Ling et al., 2013).
By investigating gastropod diversity and abundance
in these shifting environmental conditions, this study
will contribute valuable insights for conservation and
management efforts.
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Community ecology theories emphasize that
the diversity and abundance of mangrove gastropods
serve as critical indicators of ecosystem resilience,
productivity, and sustainability (Friess et al., 2016,
2020). This study focuses on examining the
distribution and abundance of gastropods across
distinct microhabitats in two key locations: the Setiu
Wetlands (SW) and the Matang Mangrove Forest
Reserve (MMFR). By investigating how environmental
conditions and management practices differ between
SW and MMFR, the study aims to elucidate their
impact on gastropod diversity and abundance. This
approach aligns with the primary research objective
of evaluating the ecological role of gastropods and
their contribution to ecosystem health and
sustainability.

Materials and Methods

The study was carried out from Matang
Mangrove Forest Reserve (MMFR) on the west coast
and Setiu Wetlands (SW) on the east coast in
Peninsular Malaysia (April 2023) (Figure 1.). The
mangrove (live) gastropods were collected via
random handpicking for one hour, which is
categorised under visual encounter surveys
(Cummings et al., 2016). All specimens on the
ground, referred to as 'mud substratum species, ' as
well as on the tree trunks, leaves and roots, referred
to as ‘tree-dwelling species’, were collected. For the
species with a higher abundance, only its
representatives (10-15 individuals) were taken and
released the rest after counting. All samples were
placed in labelled zip-lock plastic bags, stored in an
ice box and transferred to the laboratory for further
analysis. The sample collection location was recorded
using a handheld GPS (Garmin, GRSMAP 65s, USA).
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Figure 1. Map of study sites
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Each specimen was meticulously cleaned in
the laboratory with a brush under the tap water to
eliminate any algal film, dirt, or other encrustations
on the shells. Morphological features such as shape,
colour, size, and other characteristics were
considered for its taxonomic identification. Species-
level identification was carried out based on the
standard literature of Baharuddin and Marshall
(2014) and Raven and Vermeulen (2006).
Additionally, the books such as "Kekunci Siput dan
Kerang-Kerangan Perairan Pantai Malaysia Timur"
(Long and Ramli, 2010), and "The Molluscs of the
Southern Gulf of Thailand" (Swennen et al., 2001)
were referred to during the identification process. The
World Register of Marine Species (WoRMS) database
was consulted for species name changes at the
lowest taxonomic level and its authentication
(https://www.marinespecies.org/).

The Shannon Index (H') is a measure of
biodiversity that considers both species richness and
evenness. It was calculated using the formula H'= -Z
(Pi*In(Pi)), where Pi= ni/N.Pi represents the
proportion of the individuals in the total sample of N
species collected, ni is the number of individuals
within the species, and N is the total number of
individuals across all species within the samples. This
index is particularly useful for assessing the diversity
of snail species. The Shannon diversity index is
classified into three levels: low (H'<2), moderate (2<
H’<4), and high (H'>4) (Odum and Barret, 2004). The
Simpson index, a widely used metric for assessing
habitat biodiversity, also gauges the likelihood of
randomly selecting two individuals from an infinitely
large community. It offers an advantage by providing
a more comprehensive insight into species
abundance, surpassing the mere enumeration of
species present. The Simpson diversity index (D) is
calculated using the formula D= 1 - X(Pi)2. A value of
1 for (D) indicates high diversity, while O indicates low
biodiversity. The Pielou Index, also known as the
Evenness Index or the J' Index, measures species
evenness within a community (Hammer et al., 2001).
Assessing the equitability of species distribution in a
given habitat is useful. The index ranges from O to 1,
with O indicating complete unevenness (one species
dominates the community) and 1 indicating perfect
evenness (all species are equally abundant). The
formula for calculating the Pielou Index is: J'= HY/
In(S), where J' is the Pielou Index, H' is the Shannon
Diversity Index, and S is the total number of species.

Results and Discussion

This study reveals significant differences in
gastropod diversity and abundance between the
Matang Mangrove Forest Reserve (MMFR) and the
Setiu Wetlands (SW). A total of 3,717 gastropods,
representing 26 species, were found across both

study sites, with greater species richness observed at
MMFR (15 species) compared to SW (13 species)
(Table 1 and 2.). The family Ellobiidae, comprising
species such as Cassidula nucleus, C.
aurisfelis, Auriculastra oparica, Ellobium
aurisjudae, E. tornatelliforme, Pythia plicata, and P.
pantherine, was exclusively found in MMFR, whereas
the family Littorinidae, including  species
like Littoraria scabra, L. lutea, L. melanostoma, L.
pallescens, and L. philippiana, was confined to SW.
Species from other families, such as Potamididae (six
species), Neritidae (five species), Assimineidae (two
species), and Muricidae (one species), were found in
both study sites, exhibiting a mixed distribution (Table
1.). The taxonomic subclasses—Caenogastropoda,
Heterobranchia, and Neritimorpha—appear to
represent the diverse ecological niches occupied by
gastropods within mangrove habitats.

In the Matang Mangrove Forest Reserve
(MMFR), combination of mud and tree-dwelling
substrates supports a higher number of gastropod
species (15 species in total), with Cassidula
aurisfelis (39% relative abundance) and Neripteron
auriculatum (34% relative abundance) being the
most abundant. Both species thrive in muddy,
nutrient-rich environments (Ismail, 2019; Anggraini et
al., 2021; Safe’i et al., 2021). The Pielou Index
indicates that mud-dwelling species are more evenly
distributed (J= 0.759) compared to tree-dwelling
species in MMFR (J= 0.623) (Table 2.). For tree-
dwelling species, the MMFR supports eleven species,
with Ellobium aurisjudae (48% relative abundance)
representing nearly half of the total population. This
species is typically found above the tide level, under
logs, and occasionally on the lower trunks of
mangroves (Harzhauser et al., 2023), which aligns
with the present findings. Cassidula nucleus follows
with 22% relative abundance (Figure 2.). The
Shannon Index further confirms a greater diversity of
tree-dwelling species than mud-dwelling species in
MMFR (H= 1.598) (Table 2.). Although the diversity
indices are higher for MMFR, the overall abundance
of gastropods remains low, with only 799 individuals
recorded (Table 2.). This relatively low abundance
may be attributed to ongoing management activities,
such as the production of mangrove poles and
charcoal (Chong, 2006; Satyanarayana et al., 2021;
Chen et al., 2024). While some areas of MMFR are
considered protective forests or undisturbed, such as
virgin jungle, the exploitation of greenwood, along
with the extensive monoculture of Rhizophora spp.,
likely impacts gastropod populations. According to
Macintosh et al. (2002), dense and diverse mangrove
forests are positively correlated with greater
invertebrate diversity. Their research suggests that
mature mangrove stands support higher invertebrate
abundance and biomass, while newly planted stands
tend to have lower species abundance and biomass.
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Table 1. Mangrove gastropods recorded the following subclass, family and species at different microhabitats and sites, where
MD= mud substratum species, TD= Tree-dwelling species, MMFR= Matang Mangrove Forest Reserve, and SW= Setiu

Wetlands.
Subclass Family Species Microhabitat Site
Caenogastropoda Assimineidae Assiminea grayana MD MMFR
Assiminea sp. MD SW
Littorinidae Littoraria scabra TD SwW
Littoraria lutea TD SW
Littoraria melanostoma TD SwW
Littoraria pallescens TD SW
Littoraria philippiana TD SW
Muricidae Chicoreus capucinus MD, TD MMFR
Potamididae Cerithidea obtusa MD MMFR
Cerithidea quoyii TD MMEFR, SW
Pirenella cingulata MD, TD SW
Pirenella alata MD SwW
Telescopium telescopium MD SwW
Terebralia palustris MD MMFR
Heterobranchia Ellobiidae Cassidula nucleus TD MMFR
Cassidula aurisfelis MD, TD MMFR
Auriculastra oparica TD MMFR
Ellobium aurisjudae TD MMFR
Ellobium tornatelliforme TD MMFR
Pythia plicata D MMFR
Pythia pantherina TD MMFR
Neritimorpha Neritidae Neripteron auriculatum MD MMFR
Neripteron violaceum MD, TD MMFR, SW
Neritina cornucopia TD MMFR
Nerita balteata TD SwW
Clithon oualaniense MD SW
Total species 26 12(MD), 15(MMFR),
18(TD) 13(SW)

Table 2. Abundance (total number of individuals) and ecological indices of mangrove gastropods recorded at different
microhabitats and sites, where MD= mud substratum species, TD= Tree-dwelling species, MMFR= Matang Mangrove
Forest Reserve and SW= Setiu Wetlands.

Indices
Microhabitat / Site Abundance (ind.) - -
Shannon H' Simpson D Pielou J'
MD/MMFR 246 1.478 0.716 0.759
MD/SW 2890 1.017 0.590 0.567
TD/MMFR 553 1.598 0.705 0.623
TD/SW 28 1.864 0.798 0.809

Total abundance 3717

In the Setiu Wetlands (SW), six out of the 13 mid-estuarine mangroves (Lozouet and Plaziat,

gastropod species were found on mud substratum.
Notably, Pirenella alata (48% relative abundance)
and Clithon oualaniense (41% relative abundance)
constituted a significant portion of the population,
totalling 2,890 individuals, which represents nearly
three-quarters of the total gastropod collection (Table
2, Figure 2.). The occurrence of P. alata in mangrove
and brackish fishponds and on bare mud in outer to

2008) is well documented. This species is typically
found on mud substrates in the shade of trees in the
seaward zones of mangrove forests beneath
Rhizophora spp. In contrast, C. oualaniense, a
eurybiotic species known to thrive in soft substrates
of intertidal habitats, has been observed in high
population densities in Viethamese mangroves
(Zvonareva and Kantor, 2016). This species is
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Figure 2. Relative abundance of mangrove gastropods at different microhabitats in Setiu Wetlands (SW) and Matang Mangrove
Forest Reserve (MMFR). MD/MM = mud substratum species at Matang mangrove; MD/SW = mud subsratum species
at Setiu Wetlands; TD/MM = tree-dwelling species at Matang mangrove; TD/SW = tree-dwelling species at Setiu

Wetlands.

considered opportunistic within the mangrove
ecosystem, benefiting from detritus enrichment and
favourable conditions for micro-algal growth, which
are essential for its sustenance (Zvonareva and
Kantor, 2016).

The Shannon and Simpson indices reveal the
lowest diversity among species inhabiting mud
substratum in the SW (H = 1.017, D = 0.590) (Table
2.). For tree-dwelling species, Littoraria lutea and
Cerithidea quoyii contributed 22-44% of the total
population. The arboreal behavior of C. quoyii was
observed at 1.5 m above ground level on the trunks
of Rhizophora and Nypa mangroves (Reid, 2014).
While the tree-dwelling community in SW appears
relatively robust, the mud substratum shows signs of
disturbance.

Recent hydrodynamic changes, including low
freshwater discharge and a shifted Setiu River mouth,
have led to poor water circulation and exchange
mechanisms in the area (Zainol and Akhir 2019;
Zainol et al., 2022). As a result, much of the sand
brought in by tidal movements is deposited in the

lagoon and mangrove areas. The SW is home to rich
mangrove biodiversity, providing various ecosystem
services to local communities. However, these recent
changes in hydrodynamics are starting to impact both
flora and fauna (personal observation). The low
diversity of gastropods in this study may be linked to
the degraded sedimentological conditions caused by
these changes (Poh et al, 2018). Additionally,
pollution from adjacent agricultural and aquacultural
activities exacerbates these issues, altering the
composition and distribution of mollusks. Setiyowati
(2018) notes that the shift in sediment composition
toward a predominantly sand-based substrate may
render it less conducive for gastropod populations.
The limited diversity of gastropods in the SW is likely
associated with these suboptimal conditions,
underscoring the need for continuous monitoring and
management to ensure the sustainability of the
area’s gastropod community.

Conclusion

Our survey of mangrove gastropod biodiversity
in the MMFR and the SW revealed significant insights
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into the ecosystem complexities. Both sites exhibited
diverse gastropod species, with MMFR hosting a
higher species richness. Variations in the habitat
characteristics, including sediment composition and
human impacts, likely account for the observed
differences between the two study sites. Our findings
emphasise the resilience of certain gastropod
species in degraded environments and underscore
the need for conservation efforts to prioritise
preserving diverse microhabitats within mangrove
ecosystems. Further research is essential to
understand the mechanisms driving species
distribution patterns and to develop effective
strategies for mitigating anthropogenic disturbances.
By integrating scientific knowledge with conservation
initiatives, we can safeguard these coastal
ecosystems and their diverse species for future
generations.
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