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Abstract

Gastropods are one of the groups of mollusks that have an important role in the mangrove ecosystem as
a detritivor and part of the food chain. The existence and variation of gastropod body shape can be studied
through a morphometric approach to determine the growth patterns and morphological characteristics
of each species. This study aims to analyze the morphometrics of gastropods found in the Jenggalu
Mangrove Forest Tourism Park, Bengkulu City and identify the types of gastropods found in the area. The
method used in this study is Visual Encounter Survey (VES) combined with the transect line method.
Sampling was carried out directly using hand picking techniques in the mangrove zone during tidal
conditions. Morphometric measurements include shell diameter, shell length, shell height, opening height,
spiral height, opening width, and shell weight using calipers and digital scales. The results of the study
showed that 8 species of gastropods were found from 7 families with a total of 46 individuals. The most
commonly found species is Littoraria scabra. The relationship between length and weight of the shell
shows a negative allometric growth pattern, where the increase in length is faster than the increase in
weight. Based on the results of the study, it can be concluded that gastropods in the Jenggalu Mangrove
Forest Tourism Park area have a diversity of species and morphometric variations influenced by the
environmental conditions of mangrove habitats.

Keywords: Gastropoda; Mangrove Forest; Jenggalu; Bengkulu province; Morphometrics; Visual
Encounter Survey (VES).

INTRODUCTION

Indonesia is an archipelagic country consisting of 13,667 islands and has a coastal area of
54,716 kilometers (Adyasari et al., 2021; Andréfouét et al., 2022; Rochwulaningsih et al., 2019).
One of the main potentials of Indonesia's coast is the mangrove ecosystem (Analuddin et al,,
2025; Chadda-Harmer etal., 2025) . Mangrove forests can grow on coral beaches, namely on dead
coral reefs overgrown with thin layers of sand or overgrown with mud or muddy beaches
(Stewart et al. 2022). Mangrove forests are found in coastal areas that are continuously or
successively submerged in seawater and exposed to tides, the soil consists of mud and sand
(Wintah & Kiswanto, 2024). Mangrove ecosystems are transitional ecosystems between land and
sea that are known to have a very large role and function, such as maintaining ecological balance
(Wei et al., 2024). Gastropods are animals that can live in various habitats, such as land,
freshwater, brackish, and sea. Gastropods are mostly found in the littoral zone, which is the area
between the tides and the tides or the sea-land border (Baharuddin et al. 2019). Gastropods are
a class of molluscs that live in the coastal intertidal zone and generally have shells, but there are
also snails without shells (Lestari et al. 2021). Gastropod shells have different carvings and
motifs, so that the difference in carvings and shell motifs can be used in the characteristics of a
certain species (Johnson et al. 2019). Gastropods have the characteristic of moving bodies using
abdominal muscles (leg muscles) with muscle contractions that make their bodies move.
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Gastropods produce mucus (mucus) from glands found in their muscular legs. The function of
the mucus is to reduce friction between the gastropod's body and the surface, so that its body
can move more easily and not get hurt when crawling on rough surfaces (Usman, 2022).

Gastropods are one of the key organisms in the food chain in aquatic ecosystems. In
addition to being prey for other biota, gastropods also act as detritivores in the food chain
(Ndukang et al. 2024). In the food chain, detritivores act as a converter of detritus that has low
energy levels into trophic with higher energy levels. The physical characteristics and shape
variations of gastropods related to their ecological functions require a morphometric approach
for more precise analysis. This approach quantitatively measures and analyzes size and shape,
thereby revealing morphological patterns influenced by environmental factors and ecological
adaptations (Verhaegen et al., 2019).

Morphometrics, which is the study of variation, changes in shape and size of organisms,
including the measurement of weight length and analysis of the skeleton of an organism
(Klingenberg, 2022; Rummel et al., 2024; Theska et al., 2020). The morphometric characteristics
of gastropods in mangrove forests include measurements and descriptions of shell shape, shell
weight, shell length and width, operculum type, and shell color and pattern that vary between
species. The shell of a gastropod generally has a single twisted shell forming a spiral, which is
formed from the embryo (Altomari et al., 2021) 0. In addition, There are also types that do not
have a shell, called naked snails.

This Mangrove Tourism Park is located on Jenggalu Street, West Ring Road Gading
Cempaka, Bengkulu City. This area has natural mangrove debt. This study is to examine the
morphometry of gastropods in mangrove forest tourism parks and identify the types of
gastropods in mangrove forest tourism parks. These mangroves have a high biodiversity,
including gastropods which are one of the most diverse and important groups of animals in the
mangrove ecosystem. In addition, the strategic and easy location of the Jenggalu mangrove
tourism park is also a consideration in the selection of a research location. Researchers will
collect relevant data and make direct observations on the diversity of gastropods in the Jenggalu
mangrove tourism forest park. As well as increasing understanding of the important role of
gastropods in mangrove ecosystems. Considering the lack of data and information about
gastropods in the Mangrove Tourism Park area, this is one of the main reasons for conducting
research in this area.

METHODS
Research Time and Location

This research was carried out in October-December 2025 in the area of the Mangrove
Forest Tourism Park on Jenggalu Street No.1 West Lingkar, Gading Cempaka District, Bengkulu
province. This location was chosen because it has a mangrove ecosystem that is still well
maintained. The research process will involve direct observation, field data collection

Tools and Materials

Tools used in the research of salinometers, calipers, water thermometers, pH meters,
gloves, stationery, digital scales, buckets, cameras, boots, sample bottles, tweezers, lups,
steropsomes, tissues. The materials used consist of 50% and 70% alcohol solutions as a gradual
preservation medium to keep the sample in good condition for morphometric analysis in the
laboratory.
Data Collection

Gastropod sampling was carried out in the jenggalu mangrove forest tourism park in
Bengkulu province during tidal beach conditions to facilitate direct data collection. The main
methods used are Visual Encounter Survey (VES) (Baharuddin & Satyanarayana, 2024; Nugroho
et al.,, 2019). Where researchers actively observe and search for gastropods in a predetermined
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area. In addition, this VES method is also combined with the transect method, which is a transect
line along the mangrove zone that has been determined as a sampling route. Along the transect,
researchers observed and recorded the presence of any gastropods found within the transect
line .

Observation and Sampling

Gastropod sampling was carried out at the Mangrove Forest Tourism Park on Jenggalu
street No.1, Lingkar Barat, Gading Cempaka District, Bengkulu Province, which has an area of
214.62 hectares. The sampling process is carried out in the morning and evening, when seawater
conditions experience tides and recedes so that the intertidal zone is easily accessible.
Gastropods that stick to the substrate are taken by hand directly (Hand picking) (Wintah &
Kiswanto, 2024). This method involves visual observation and physical sampling in the field with
simple techniques without automated tools. Researchers used hands or gloves to carefully pick
up gastropods so as not to damage the organism. Each individual gastropod found is recorded
and put in a bucket, After sample collection, the gastropods are cleaned with clean water then
the gastropods are soaked in 50% alcohol for the initial preservation process. After some time,
the sample is then transferred to 70% alcohol for long-term preservation. The preserved
specimen is then stored in a tightly sealed specimen bottle and placed in a laboratory storage
cabinet at room temperature and avoided direct sunlight exposure This multi-stage preservation
is to keep the physical condition and morphology of the gastropod intact and representative for
further morphometric analysis (Baharuddin & Satyanarayana, 2024; Klingenberg, 2022;
Nugroho et al., 2019). Conducted in the laboratory of the University of Muhammadiyah Bengkulu
Ecological measurements are important in understanding the condition of a habitat, especially
such as gastropods in mangrove ecosystems. Ecological measurement involves determining salt
levels, air temperature, alkaline levels, oxygen levels in a habitat.

Body morphology measurements
Shell diameter

The measurement of the diameter of the shell is carried out on the width of the gastropod
shell, the tool used is the caliper (Amini-Yekta et al., 2019).
Shell height

The height of the shell is measured from the base of the shell to the highest peak of the shell
This measurement uses the appropriate measuring instrument, namely the caliper (Amini-Yekta
etal.,, 2019).
Shell length

The length of the shell is measured from the anterior end (the front of the shell) to the
posterior (the back of the shell) measurement using the appropriate measuring instrument
(Kalesaran & Lumenta, 2021).
Shell Width

The width of the shell is measured from the furthest point on the shoulder of the shell (the
protruding curved part) to the outer lip of the shell (Amini-Yekta et al., 2019).
Shell weight

Measurement of the weight of the shell is carried out by separating the shell from the body
of the gastropod so that only the weight of the shell is measured. The shell is then cleaned of dirt
and dried, then weighed using an accurate digital scale (Amini-Yekta et al., 2019).
Colors and patterns

In addition to the physical size, the color and pattern of the shell are also noted to aid in the
process of identifying gastropod species. The difference in color and pattern can be a clue in
distinguishing each species, then each species is documented using a camera (Amini-Yekta et al.,
2019).

https://siducat.org/index.php/isej/



12

Data analysis
The relationship between length and weight

According to (Bariddah et al. 2020) The relationship between length and weight is analyzed
based on an allometric model in which the growth of gastropods shows a negative allometric
pattern with a faster increase in length than weight.

W=alb
Remarks :
W  =Total weight
L = Shell length (mm)
Ab =The constant obtained from the equation data is then transformed into logarithms, tomen
Get the linear regression equation of the heavy length category.
If b = 3, then the growth is isometrical, i.e. the growth rate of the length and weight of the
gastropods is the same.

If b > 3 (the increase in the length of the gastropod is not as rapid as the increase in weight if b <
3 (the increase in the length of the gastropod is faster than the increase in weight.

RESULT AND DISCUSSION

Based on the results of research conducted in the Jenggalu Mangrove forest tourism park,
Bengkulu Province, there are 7 families and 8 species with a total of 46 gastropod individuals
found in October - December 2025. The Gastropod species found are Littoraria scabra,
Cerithidea quadrata, Oxychilus draparnaudi, Neritodryas dubai, Telescopium, Stramonita
heamastoma, Neritina paralella and Faunus ater (Islamy & Hasan, 2020).

Table 1. Types of gastropods in mangrove forest Jenggalu Bengkulu city

No Family Spesies Number of individuals
1. Littoraria Littoraria scabra 13
2. Muricidae Stramonita heamastoma 1

Neritina paralella 10
3. Neritidae

Neritodryas dubai
4. Oxychilidae Oxychilus draparnaudi 1
5. Pachychilidae Faunus ater 3
6. Potamididae Cerithidea quardata 12
7. Pachychilidae Telescopium 1

Total 46

Based on table I, the most commonly found gastropods are the type of Littoraria scabra
compared to other types of gastropods, because of the role of Litoraria scabra in mangrove
ecosystems as a control of microalgae and a contributor to the balance of the ecosystem through
grazer activities (Wei et al., 2024). L. scabra species are reported to occupy a variety of habitat
types, ranging from substrates and parts of mangrove vegetation (roots, stems, and leaves ).
Meanwhile, gastropods of other types are found in mangrove trunks. Their frequent presence in
various mangrove substrates demonstrates their adaptability and important ecological role in
the food chain and the overall mangrove ecosystem (Ayzah et al, 2024). Gastropods and
mangrove plants have properties that need each other, gastropods not only utilize mangroves as
a habitat and food source but also play a role in the fertility of the area with their ability to
decompose parts of plants that fall off. This mangrove forest area has a muddy substrate that is
used as a protector from threats and also as a breeding ground to support the life of gastropods
(Lubis, 2023).

Table 2 Morphometrics of Gastropods in Mangrove Forest Tourism Park
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No Character Spesies
Litoraria Cerltf;de d Oxy chllusd Neritina Neritodry Faunus Telescopiu itramomta
scabra aquag at rapar;nau paralella as dubai ater m oamgstom
1 o 734 20,84 o 971¢ 596+ 89,93 + 828+ I
1,085 19,035 2,057 1,852 208,303 36,511
2 1237+ 29,78+ 18,76+ 14,55+ 81,5+
Pe 1,532 1,554 13,3 mm 1,857 8,962 28,50 68,5 cm 24,5 mm
3 6,03 + 15,63 + 9,35 + 5,79 + 27,17 +
Te 1,093 0,005 0,65 mm 1104 1717 0,57 3,5 cm 12,15 mm
4 0,90 + 26,63 + 10,5 mm 16,78+ 811, 48,1+
b 2175 1,404 1,995 425 1,155 514mm  11,4mm
6 933+ 13,64 + 10,65 11,38 + 2,04
Lb 1,297 0,813 8,2 mm +1,097 1,583 +15,94 25,7 mm 14,3 mm
7 0,02 + 0,30 + 3,77 + 0,03 + 2533 +
Bb ’ ’ 0,2 ’ ) ,
0,086 0,506 & 1,982 0,433 14,25 0,50 gr 0,05 gr
8 0,02+ 0,28 + 001 : 0,02 + 0,17 +
Bk ) 01 gr ) )
0,030 0,66 1,110 251 3,01 047 gr 0,04 gr

Based on the results of the above morphometric measurements, it is carried out using
several parameters (Jamili ,2025). Littoraria scabra has the shortest shell length (6.8-18.2 mm),
compared to Cerithidea quadrata (37.3 mm), Oxychilus draparnaudi (13.3 mm), Neritina
parallela (24.3 mm), Neritodryas dubia (18.4 mm), Faunus ater (57.02 mm), Telescopium
telescopium (68.5 mm), Stramonita haemastoma (24.5 mm). Shell width is one of the measures
that support the length of the shell (Leiwakabessy & Latupeirissa, 2023). The telescope has the
highest width (25.7 mm), the lowest Littoraria scabra (7.4 mm). The telescopium telescopium
also has the highest shell height, the lowest Oxychilus draparnaudi (0.65 mm). The height of the
highest aperture of the Telescopium telescopium, the lowest of the Littoraria scabra (4.2 mm).
The highest spiral height is Telescopium telescopium, the lowest is Littoraria scabra. Shell length
longer than peak height (Leiwakabessy & Latupeirissa, 2023). Overall, the length of the shell is
three times longer than the peak length of each species (Leiwakabessy & Latupeirissa, 2023).
Because the size of the shell is influenced by the condition of the substrate (Ningsih et al. 2024).
In addition to substrate conditions, the size of the gastropod shell is also affected by temperature,
dissolved oxygen, ammonia levels, salinity, and human activities (Alka, 2020). In addition
to environmental factors, size differences are also influenced by biological factors such as age,
individual growth, and species differences (Béguinot, 2021). These size differences are
evident in each species due to their distinct habitats and shapes. Gastropoda such Littoraria
scabra and Neritodryas dubia have small shells because they live on mangrove trunks and
roots,requiring lighweight sheels for movement and attachment to trees (Beguinot 2021). In
contrast, Cerithidea quadrata, Telescopium telescopium, and Faunus ater live in mud or
mangrove sediment substrates, thus having larger and more elongated sheels to facilitate
movement and search for detritus (Adamu et al., 2024). Meanwhile, Neritina parallela has a
round and strong shell because it lives on rocks or mangrove roots exposed to currents, so it can
withstand water pressure (Isroni et al, 2023). The Gastropoda Stramonita haemastoma has
a thick shell because it lives in rocky areas with strong waves, requiring protection from impacts
and predators (Nugroho et al. 2024). Oxychilus draparnaudi has a smaller and thinner shell
because it lives in a humid terrestrial environment and does not require a thick shell ( Federico
etal 2023).

Table 3. Male and female characteristics

. Morphometric
No Spesies Characteristics Male Female
Dc 7,05 + 1,49 12,05 + 4,34
1. Littoraria scabra Pc 11+5,5 17,7+ 1,58
Tc 55+1,76 9,07 + 1,63
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4,

Cerithidea quardata

Neritina paralella

Oxychilus draparnaudi

Neritodryas dubai

Faunus ater

Telescopium

Stramonita
hoamastoma

Tb
Ts
Lb

Bb
Bk
Dc
Pc
Tc

Tb
Ts
Lb
Bb
Bk
Dc
Pc

Tc
Tb

Ts
Lb

Bb
Bk
Dc
Pc
Tc
Tb
Ts
Lb
Bb
Bk
Dc
Pc
Tc
Tb
Ts
Lb
Bb
Bk
Dc
Pc
Tc
Tb
Ts
Lb
Bb
Bk
Dc
Pc
Tc
Tb
Ts
Lb
Bb
Bk

Dc

Pc
Tc

7,75+ 1,61
0,8+141
9,4 +2,83
0,25+ 0,52
0,02+0,1
2,93 +£ 64,19
26,5+ 2,88
13,2+0,85
23,45+ 143
15,03 1,42
11,85+1,55
0,045 + 4,47
0,35+£38
6,35 £ 3,07
11,3+ 4,31
5,6 3,02
8,4 +4,39
7,32+ 3,54

7,4+1,41
0,4+141

0,2+0,70
12,2 mm
13,3 mm
0,65 mm
10,5 mm
10,4 mm
8,2 mm
0,2 gr
0,01 gr
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4,4+ 4,29
0,13+0,1
14,0 +2,88
0,04+0,14
03579
510+ 1,03
30,45 +2,83
15,4+ 3,10
25,85+ 4,29
14,85 + 2,87
13,6 £2,99
0,065 £ 0,35
0,045+7
13,1+£29
23,6 147
11,8+1,68
20,6 2,95
14,5+ 1,48

13,6 £2,99
9,0+ 1,41

6,25+ 5,3

5,96 + 1,852
14,55 £ 8,962
579+1,717
8,1+1,425
7,19 £ 2,624
11,38 +£1,583
0,03+0,433
0,02 + 251
89,93 + 208,303
81,5 £ 28,50
27,17 £ 0,57
48,1+1,155
18,4+ 0,05
2,04 £15,94
25,33 £ 14,25
0,17+ 3,01
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Tb - 11,4 mm
Ts - 4,06 mm
Lb - 14,3 mm
Bb - 0,05 gr
Bk - 0,04 gr

Based on the results of table 3 above, it can be seen that the morphometric measurements
of female gastropods Littoraria scabra, Cerithidea quardata, Neritina parallela have higher
average values than males, especially in Dc, Pc, Tc, and Lb. Gastropod differences are due to
allometric growth patterns, in which females allocate more energy to somatic growth than early
reproduction, resulting in non-isometric size variations in intertidal gastropods in mangroves
(Kusuma et al. 2022). High population density triggers competition for resources such as
microalgae, so dominant individuals (such as females) survive and grow larger via survival
selection, reflecting population age structure rather than innate differences (Baiti et al. 2025). In
addition, environmental factors such as salinity, tides, and nutrients cause adaptation, where
females are more resilient and have a larger size in response to habitat (Alcaraz et al. 2025). In
mangrove gastropods, it is shown that female individuals tend to have larger shell sizes due to
internal needs and egg production needs. In the species Oxychilus draparnaudi, Neritodryas
dubai, Faunus ater, Telesopium and Stramonita hoamastoma there was no sex separation,
because during the identification process in the laboratory no differences were found between
males and females.
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Figure 1. The relationship between length, weight, and environmental parameters
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Figure 1. Dominance Index and Environmental Parameters

Based on figure 1, there is a tendency to relate to the weight and length of the gastropod
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shell (Litaay, 2025). In addition, analysis of the relationship between the length and weight of
the shell, the gastropod pattern showed negative allometric growth (b < 3) ( Merly, 2025).
Negative allometric growth pattern is a pattern of rapid increase in the length of gastropods than
in weight gain (Ningsih et al. 2024). Negative allometric growth in gastropods is influenced by
environmental factors such as food availability, substrate conditions, salinity, and the adaptation
of organisms to mangrove habitats (Ernawati et al., 2024).

Figure 2 shows the relationship between the gastropod dominance index and
environmental parameters. It can be seen that most of the dominance index values are in the low
to medium category (Wintah & Kiswanto, 2024). This shows that the gastropod community in
mangroves is not dominated by one species. Because the structure of the gastropod community
in the mangrove forest tourism park remains stable and balanced. The relatively high
environmental parameter values in the image show that environmental conditions can affect the
existence and abundance of gatsropods. Factors such as the type of muddy substrate, salinity,
water temperature, and the presence of mangroves can provide suitable conditions for
gastropods to live, eat, and reproduce. For example, it provides a source of organic matter from
leaf litter which is a food source for some types of gastropods, while also providing protection
from currents and predators (Baharuddin & Satyanarayana, 2024).

The data distribution pattern in the image suggests that the relationship between the
dominance index and environmental parameters is not very strong. This suggests that the level
of gastropod dominance is not influenced by environmental factors alone, but by several factors
that interact with each other in the mangrove ecosystem. Such as biological factors, the
adaptability of each species, and the availability of food sources can also affect the level of
dominance in a community. The relationship between gastropod growth and environmental
conditions in mangrove areas shows that the ecosystem is still able to support gastropod life,
both in terms of individual growth and community structure. The presence of gastropods can be
an indicator of relatively good environmental conditions in mangrove ecosystems.

CONCLUSION

The mangrove ecosystem in Jenggalu Mangrove Forest Tourism Park boasts a good diversity of
gastropods, as well as habitat conditions that support the growth and adaptation of various
gastropod species. This is demonstrated by the discovery of 8 gastropod species from 7 families
with a total of 46 individuals, indicating that the mangrove area is still able to provide habitat, food
sources, and shelter for gastropods. The most commonly found species is Littoraria scabra, which
has a high adaptability to the mangrove environment and is often found on various substrates such

as stems, roots, and mangrove surfaces.

Published by Yayasan Darussalam Bengkulu



17
REFERENCE

Adamu, H. 0., Hussaini, R. 0., Mohammed, E. 0., & Izegaegbe, ]. I. (2024). Modeling habitat suitability for
Cerithidea rhizophorarum and Telescopium telescopium in Indo-West Pacific mangroves. Ecology
and Evolution, 14(10). https://doi.org/10.1002 /ece3.70384

Adyasari, D., Pratama, M. A, Teguh, N. A,, Sabdaningsih, A., Kusumaningtyas, M. A., & Dimova, N. (2021).
Anthropogenic impact on Indonesian coastal water and ecosystems: Current status and future
opportunities. Marine Pollution Bulletin, 171, 112689.
https://doi.org/10.1016/j.marpolbul.2021.112689

Alcaraz, G., Herce, F., Urbano, B., Ramirez-Sanchez, M. M., & Garcia-Cardenas, E. E. (2025). Adaptive
divergence in response to shared environmental pressures: Examining gastropod shell exploitation
by intertidal hermit crabs. Marine Environmental Research, 208(March).
https://doi.org/10.1016/j.marenvres.2025.107141

Alka, M. A,, & Nasution, A. M. S. (2020). Morphometric study and density of Telescopium telescopium in
mangrove ecosystem of Sekodi Village, Bengkalis Regency, Riau Province. 3(2), 135-146.

Altomari, L. N, Alves, B. H. B,, Santos, W.]. P. dos, Barros, M. R. F,, Herrmann, M., Bezerra, A. M., & Chagas,
R. A. das. (2021). Shell morphometric ratios as a tool for taxonomic determination in gastropods: A
case study in Nerita (Gastropoda, Neritidae). Journal of the Marine Biological Association of the
United Kingdom, 101(4), 699-705. https://doi.org/10.1017/S0025315421000643

Amini-Yekta, F., Shokri, M.-R., Maghsoudlou, A., & Rajabi-Maham, H. (2019). Shell morphology of marine
gastropod Cerithium caeruleum is influenced by variation in environmental condition across the
northern Persian Gulf and the Gulf of Oman. Regional Studies in Marine Science, 25, 100478.
https://doi.org/10.1016/j.rsma.2018.100478

Analuddin, K., Rahim, S., Iswandi, R. M., Widayati, W., Iba, W,, Jaya, L. M. G., Septiana, A., Helmi, M., Pribadi,
R., Adriyanto, L., Nakamura, T., & Nadaoka, K. (2025). Mangrove landscape dynamics and ecosystem
services sustainability in the Coral Triangle Southeast Sulawesi, Indonesia. Regional Studies in
Marine Science, 92, 104632. https://doi.org/10.1016/j.rsma.2025.104632

Andréfouét, S., Paul, M., & Farhan, A. R. (2022). Indonesia’s 13558 islands: A new census from space and
a first step towards a One Map for Small Islands Policy. Marine Policy, 135, 104848.
https://doi.org/10.1016/j.marpol.2021.104848

Ayzah, D. K. A, Safitri, [., Nurdiansyabh, S. 1., & Handayani, C. (2024). Gastropoda Littorinidae di ekosistem
mangrove: Morphological characteristics and composition of Littorinidae gastropods in the
mangrove ecosystem of Desa Sutera, Kayong Utara. Oseanologia, 3(2), 60-64.

Baharuddin, N., Basir, N. H. M., & Zainuddin, S. N. H. (2019). Tropical intertidal gastropods: Insights on
diversity, abundance, distribution and shell morphometrics of Pulau Bidong, Malaysia. AACL Bioflux,
12(4), 1375-1387.

Baharuddin, N., & Satyanarayana, B. (2024). Diversity and abundance of mangrove gastropods in Setiu
wetlands and Matang mangrove forest reserve, Peninsular Malaysia. ILMU KELAUTAN: Indonesian
Journal of Marine Sciences, 29(4), 425-432. https://doi.org/10.14710/ik.ijms.29.4.425-432

Baiti, M. W. A, Insafitri, I, Ambariyanto, A., & Nugraha, W. A. (2025). Gastropod community structure in
mangrove ecosystems on the north coast of Bangkalan, Indonesia. Egyptian Journal of Aquatic
Biology and Fisheries, 29(1), 2037-2054. https://doi.org/10.21608/ejabf.2025.412075

Bariddah, S., Nasution, S., & Nedi, S. (2020). Population density and length-weight relationship in
mangrove gastropod Cerithidea cingulata and Littoraria scabra of Pangkalan Sesai village, Dumai
City. Asian Journal of Aquatic Sciences, 3(3), 193-201. https://doi.org/10.31258/ajoas.3.3.193-201

Béguinot, ]. (2021). Adult shell-size regulation in conispirally-coiled shells: Evidence for a widespread
negative covariance between whorls growth-rate and the final number of whorls in land snails.
Annual Research & Review in Biology, 36(10), 95-106.
https://doi.org/10.9734 /arrb/2021/v36i1030439

Chadda-Harmer, D., Byrne, M., Reymond, C. E., Fellowes, T. E., Camp, E. F., & Foo, S. A. (2025). Benthic
foraminifera as bioindicators of coral condition near mangrove environments. Marine
Environmental Research, 209, 107159. https://doi.org/10.1016/j.marenvres.2025.107159

ERNAWATI, N. M., DEWI, A. P. W. K,, SUGIANA, I. P., DHARMAWAN, 1. W. E,, MA'RUF, M. S., & GALGAN], G.
A. (2024). Mangrove gastropod distribution based on dominant vegetation classes and their
relationship with physicochemical characteristics on fringe mangroves of Lembongan Island, Bali,
Indonesia. Biodiversitas Journal of Biological Diversity, 25(1).
https://doi.org/10.13057 /biodiv/d250116

https://siducat.org/index.php/isej/


https://doi.org/10.1002/ece3.70384
https://doi.org/10.1016/j.marpolbul.2021.112689
https://doi.org/10.1016/j.marenvres.2025.107141
https://doi.org/10.1017/S0025315421000643
https://doi.org/10.1016/j.rsma.2018.100478
https://doi.org/10.1016/j.rsma.2025.104632
https://doi.org/10.1016/j.marpol.2021.104848
https://doi.org/10.14710/ik.ijms.29.4.425-432
https://doi.org/10.21608/ejabf.2025.412075
https://doi.org/10.31258/ajoas.3.3.193-201
https://doi.org/10.9734/arrb/2021/v36i1030439
https://doi.org/10.1016/j.marenvres.2025.107159
https://doi.org/10.13057/biodiv/d250116

18

Islamy, R. A, & Hasan, V. (2020). Checklist of mangrove snails (Mollusca: Gastropoda) in South Coast of
Pamekasan, Madura Island, East Java, Indonesia. Biodiversitas Journal of Biological Diversity, 21(7).
https://doi.org/10.13057 /biodiv/d210733

Isroni, W., Sari, P. D. W, Sari, L. A,, Daniel, K,, South, |, Islamy, R. A,, Wirabuana, P. Y. A. P., & Hasan, Veryl.
(2023). Checklist of mangrove snails (Gastropoda: Mollusca) on the coast of Lamongan District, East
Java, Indonesia. Biodiversitas Journal of Biological Diversity, 24(3).
https://doi.org/10.13057 /biodiv/d240341

Johnson, A. B, Fogel, N. S., & Lambert, ]. D. (2019). Growth and morphogenesis of the gastropod shell.
Proceedings of the National Academy of Sciences of the United States of America, 116(14), 6878-6883.
https://doi.org/10.1073/pnas.1816089116.

Kalesaran, O. ], & Lumenta, C. (2021). Analisis scanning electron microscopy pada nacre Sinanodonta
(Anodonta woodiana Lea, 1834). Journal of Aquaculture and Fish Health, 10(1), 75.
https://doi.org/10.20473/jath.v10i1.19567

Klingenberg, C. P. (2022). Methods for studying allometry in geometric morphometrics: A comparison of
performance. Evolutionary Ecology, 36(4), 439-470. https://doi.org/10.1007/s10682-022-10170-
z

Kusuma, N. P., Bengen, D. G., Zamani, N. P, Diningsih, N. T., Putri, A., & Salma, U. (2022). Abundance and
growth pattern of gastropods (Telescopium telescopium and Cerithidea obtusa) and association with
mangrove ecosystem at Bee Jay Bakau Resort, Probolinggo, East Java. International Journal of
Fisheries and Aquatic Studies, 10(2), 50-55. https://doi.org/10.22271 /fish.2022.v10.i2a.2656

Leiwakabessy, F., & Latupeirissa, L. N. (2023). Morphometric variation and species density of Nerita
(Neritidae: Gastropoda) in the coastal waters of Ambon Island, Indonesia. BIOEDUPAT: Pattimura
Journal of Biology and Learning, 3(2), 129-136. https://doi.org/10.30598/bioedupat.v3.i2.pp129-
136

Lestari, D. F., Fatimatuzzahra, F., & Syukriah, S. (2021). Jenis-jenis gastropoda di zona intertidal Pantai
Indrayanti Yogyakarta. Journal of Science and Applicative Technology, 5(1), 187.
https://doi.org/10.35472 /jsat.v5i1.301

Litaay, M. (2025). Morphometrics of two Tylomelania gastropods from the Pattunuang River, Maros,
South Sulawesi. IOP Conference Series: Earth and Environmental Science, 1512(1).
https://doi.org/10.1088/1755-1315/1512/1/012002

Lubis, K. R,, Karlina, I., & Putra, R. D. (2023). Analisis habitat gastropoda pada ekosistem lamun di perairan
Bintan, Kecamatan Gunung Kijang. Jurnal Enggano, 8(1), 1-11.
https://doi.org/10.31186/jenggano.8.1.1-11

Ndukang, S., Missa, H., & Djalo, A. (2024). Diversity of gastropod types in the intertidal zone of Kolbano
Beach, South Central Timor Regency, East Nusa Tenggara. Bioedukasi: Jurnal Biologi Dan
Pembelajaran, 22(2), 234-241. https://doi.org/10.19184 /bioedu.v22i2.46575

Ningsih, S. A., Chairunnas, A., Amalia, H. A. M., Agusrinal, Burhan, S., & Khaery, A. (2024). Growth patterns
and diversity of gastropods in mangrove ecosystems in South Konawe, Indonesia. 1(1), 1-7.

Nugroho, B. A., & Erisa, A. W. P. (2024). Molluscan diversity in the mangrove ecosystem of [location].
Jurnal I[Imiah Biologi, 13(1), 50-68.

Nugroho, B. A,, Soendjoto, M. A., & Zaini, M. (2019). Gastropod density and diversity in the mangrove forest
of Pagatan Besar Village, Tanah Laut Regency, Indonesia. ILMU KELAUTAN: Indonesian Journal of
Marine Sciences, 24(4), 179. https://doi.org/10.14710/ik.ijms.24.4.179-185

Plazzi, F., & Pedroni, G. (2023). Biodiversity of extant snails (Gastropoda, Mollusca) in the Pliocene
Mountain Spur Natural Reserve (Northern Apennine, Italy). Biodiversity Data Journal, 11.
https://doi.org/10.3897/BD].11.E95688

Rochwulaningsih, Y., Sulistiyono, S. T., Masruroh, N. N., & Maulany, N. N. (2019). Marine policy basis of
Indonesia as a maritime state: The importance of integrated economy. Marine Policy, 108, 103602.
https://doi.org/10.1016/j.marpol.2019.103602

Rummel, A. D, Sheehy, E. T., Schachner, E. R.,, & Hedrick, B. P. (2024). Sample size and geometric
morphometrics methodology impact the evaluation of morphological variation. Integrative
Organismal Biology, 6(1). https://doi.org/10.1093/iob/obae002

Setiawan, R., Wimbaningrum, R., Sulistiyowati, H., Siddiq, A. M., Rani, C., & Baraas, A. (2024a). Species
diversity of gastropods in the mangrove forest of Pangpang Bay ljen Geopark, Banyuwangi,
Indonesia. Jurnal Kelautan Tropis, 27(2), 277-286. https://doi.org/10.14710/jkt.v27i2.22471

Setiawan, R., Wimbaningrum, R., Sulistiyowati, H., Siddiq, A. M., Rani, C., & Baraas, A. (2024b). Species
diversity of gastropods in the mangrove forest of Pangpang Bay ljen Geopark, Banyuwangi,

Published by Yayasan Darussalam Bengkulu


https://doi.org/10.13057/biodiv/d210733
https://doi.org/10.13057/biodiv/d240341
https://doi.org/10.1073/pnas.1816089116
https://doi.org/10.20473/jafh.v10i1.19567
https://doi.org/10.1007/s10682-022-10170-z
https://doi.org/10.1007/s10682-022-10170-z
https://doi.org/10.22271/fish.2022.v10.i2a.2656
https://doi.org/10.30598/bioedupat.v3.i2.pp129-136
https://doi.org/10.30598/bioedupat.v3.i2.pp129-136
https://doi.org/10.35472/jsat.v5i1.301
https://doi.org/10.1088/1755-1315/1512/1/012002
https://doi.org/10.31186/jenggano.8.1.1-11
https://doi.org/10.19184/bioedu.v22i2.46575
https://doi.org/10.14710/ik.ijms.24.4.179-185
https://doi.org/10.3897/BDJ.11.E95688
https://doi.org/10.1016/j.marpol.2019.103602
https://doi.org/10.1093/iob/obae002
https://doi.org/10.14710/jkt.v27i2.22471

19

Indonesia. Jurnal Kelautan Tropis, 27(2), 277-286. https://doi.org/10.14710/jkt.v27i2.22471

Stewart, H. A,, Wright, ]. L., Carrigan, M., Altieri, A. H, Kline, D. I, & Aragjo, R.]. (2022). Novel coexisting
mangrove-coral habitats: Extensive coral communities located deep within mangrove canopies of
Panama, a global classification system and predicted distributions. PLoS ONE, 17(6 June), 1-28.
https://doi.org/10.1371/journal.pone.0269181

Theska, T., Sieriebriennikov, B., Wighard, S. S., Werner, M. S,, & Sommer, R. J. (2020). Geometric
morphometrics of microscopic animals as exemplified by model nematodes. Nature Protocols,
15(8), 2611-2644. https://doi.org/10.1038/s41596-020-0347-z

Usman, R,, & Tuli, M. (2022). Species inventory and density of gastropods in mangrove ecosystems at
Tomini Bay, Gorontalo. Tomini Journal of Aquatic Science, 3(1), 38-48.
https://doi.org/10.37905/tjas.v3i1.17005

Verhaegen, G., Herzog, H., Korsch, K., Kerth, G., Brede, M., & Haase, M. (2019). Testing the adaptive value
of gastropod shell morphology to flow: A multidisciplinary approach based on morphometrics,
computational fluid dynamics, and a flow tank experiment. Zoological Letters, 5(1), 5.
https://doi.org/10.1186/s40851-018-0119-6

Wei, S., Zhang, H., Xu, Z,, Lin, G., Lin, Y., Liang, X., Ling, J., Wee, A. K. S,, Lin, H., Zhou, Y., & Gong, P. (2024).
Coastal urbanization may indirectly positively impact growth of mangrove forests. Communications
Earth & Environment, 5(1), 608. https://doi.org/10.1038/s43247-024-01776-y

Wintah, W., & Kiswanto, K. (2024). Physical chemical factors on gastropod distribution patterns in Tritih
Mangrove Forest, Cilacap, Central Java. Journal of Environmental and Science Education, 4(2).
https://doi.org/10.15294 /jese.v5i2.7527

https://siducat.org/index.php/isej/


https://doi.org/10.14710/jkt.v27i2.22471
https://doi.org/10.1371/journal.pone.0269181
https://doi.org/10.1038/s41596-020-0347-z
https://doi.org/10.37905/tjas.v3i1.17005
https://doi.org/10.1186/s40851-018-0119-6
https://doi.org/10.1038/s43247-024-01776-y
https://doi.org/10.15294/jese.v5i2.7527

