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Abstract of thesis presented to the Senate of Universiti Malaysia Terengganu in
fulfilment of the requirements for the degree of Master of Science

DIVERSITY AND DISTRIBUTION OF CORAL REEF GASTROPODS IN
SELECTED ISLANDS AND MARINE PARK AREAS OF TERENGGANU,
MALAYSIA

SITI NUR HAKIMAH BINTI ZAINUDDIN

AUGUST 2025
Main Supervisor : Nursalwa Baharuddin, Ph.D
Co-Supervisor : Associate Professor Izwandy Idris, Ph.D
Faculty : Faculty of Science and Marine Environment

Coral reefs in Terengganu, Malaysia, provide essential ecosystem services but
are increasingly threatened by various disturbances. Gastropods, as key reef
bioindicators, highlight the need for conservation within Marine Protected Areas
(MPAs). This study was conducted on seven protected islands namely Pulau Bidong,
Pulau Kapas, Pulau Perhentian, Pulau Redang, Pulau Tenggol, Pulau Yu Kecil, and
Pulau Yu Besar to determine the diversity, distribution and abundance of coral reef
gastropods. This study also assessed the age categories and feeding guilds of identified
individuals. At each site, a 50 m x 10 m transect line was established within coral areas
at depths of 3-12 m, and gastropods were sampled using a 0.0625 m? quadrat with 15
replicates. A total of 704 individuals representing two subclasses, three families and
nine species were recorded. Gastropod communities showed low diversity, with
Shannon index values ranging from = 0.506 to 1.154. Species richness ranged from
3 to 5, while equitability scores varied from 0.415 to 0.727. Drupella rugosa was the
most abundant species, followed by Arakawania marginalba. Rarefaction curves at
Pulau Bidong, Pulau Kapas and Pulau Perhentian approached asymptotes with three,
four and five species were recorded, respectively. In contrast, Pulau Tenggol, Pulau
Yu Kecil, and Pulau Yu Besar exhibited gradual increases in species richness,

suggesting incomplete sampling. Pulau Redang’s curve reached an asymptote rapidly.
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Sampling was therefore considered adequate at Pulau Bidong, Pulau Kapas, Pulau
Perhentian, and Pulau Redang while species richness at Pulau Tenggol, Pulau Yu
Kecil, and Pulau Yu Besar might have been underestimated, implying that further
sampling could reveal additional species. Among the recorded species, Arakawania
ceylonica exhibited the longest shell length at 74.39 mm. Pulau Perhentian emerged
as a conservation priority due to the highest percentage of corallivores (28.40%),
which may increase coral stress and elevate the risk of population outbreaks. In
conclusion, this study provides valuable insights into the diversity and ecological roles
of coral reef gastropods in Terengganu, while highlighting their potential threats to

coral communities and the need for strengthened conservation strategies within MPAs.
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Abstrak tesis yang dikemukakan kepada Senat Universiti Malaysia Terengganu
sebagai memenuhi keperluan untuk [jazah Sarjana Sains

KEPELBAGAIAN DAN TABURAN GASTROPOD TERUMBU KARANG DI
PULAU DAN KAWASAN TAMAN LAUT TERPILIH DI TERENGGANU,
MALAYSIA

SITI NUR HAKIMAH BINTI ZAINUDDIN

0GOS 2025
Penyelia Utama : Nursalwa Baharuddin, Ph.D
Penyelia Bersama : Profesor Madya Izwandy Idris, Ph.D
Fakulti : Fakulti Sains dan Marin Sekitaran

Terumbu karang di Terengganu, Malaysia menyediakan perkhidmatan
ekosistem yang penting tetapi semakin terancam oleh pelbagai gangguan. Gastropod,
sebagai bioindikator utama terumbu karang, menekankan keperluan pemuliharaan
dalam Kawasan Perlindungan Marin (MPA). Kajian ini telah dijalankan di tujuh pulau
perlindungan iaitu Pulau Bidong, Pulau Kapas, Pulau Perhentian, Pulau Redang, Pulau
Tenggol, Pulau Yu Kecil dan Pulau Yu Besar untuk menentukan kepelbagaian, taburan
dan kelimpahan gastropod terumbu karang. Data juga membolehkan penilaian
kategori umur dan kumpulan pemakanan bagi individu yang dikenal pasti. Di setiap
lokasi, garis transek 50 m x 10 m diletakkan di kawasan terumbu karang pada
kedalaman antara 3-12 m, dan gastropod disampel menggunakan kuadrat 0.0625 m?
dengan 15 replikasi. Sebanyak 704 individu mewakili dua subkelas, tiga famili dan
sembilan spesies telah direkodkan. Komuniti gastropod menunjukkan kepelbagaian
yang rendah dengan nilai indeks Shannon dalam julat 4’ = 0.506 hingga 1.154.
Kekayaan spesies adalah antara 3 hingga 5, manakala skor keseragaman berbeza antara
0.415 hingga 0.727. Drupella rugosa merupakan spesies paling banyak, diikuti oleh
Arakawania marginalba. Lengkung rarefaksi di Pulau Bidong, Pulau Kapas dan Pulau
Perhentian menghampiri asimptot dengan masing-masing tiga, empat dan lima spesies

telah direkodkan. Sebaliknya, Pulau Tenggol, Pulau Yu Kecil dan Pulau Yu Besar
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menunjukkan peningkatan beransur-ansur dalam kekayaan spesies, menandakan
persampelan tidak lengkap. Lengkung rarefaksi Pulau Redang pula mencapai asimptot
dengan cepat. Oleh itu, persampelan dianggap mencukupi di Pulau Bidong, Pulau
Kapas, Pulau Perhentian dan Pulau Redang manakala kekayaan spesies di Pulau
Tenggol, Pulau Yu Kecil dan Pulau Yu Besar mungkin telah dianggarkan rendah,
menunjukkan bahawa persampelan tambahan boleh mendedahkan lebih banyak
spesies. Dalam kalangan spesies yang direkodkan, Arakawania ceylonica
menunjukkan panjang cangkerang terpanjang iaitu 74.39 mm. Pulau Perhentian
dikenal pasti sebagai keutamaan pemuliharaan kerana mencatat peratusan tertinggi
koralivor (28.40%), yang berpotensi meningkatkan tekanan terhadap karang serta
meningkatkan risiko letusan populasi. Kesimpulannya, kajian ini memberikan
maklumat penting tentang kepelbagaian dan peranan ekologi gastropod terumbu
karang di Terengganu, serta menekankan ancaman berpotensi terhadap komuniti

karang dan keperluan strategi pemuliharaan yang lebih kukuh dalam MPA.
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Figure 4.21  Coral reef gastropods species from Muricidae in Pulau Yu Besar; a) 77
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bar: 10 mm.
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CHAPTER 1

INTRODUCTION

1.1 Background of the study

Coral reefs, though covering less than one percent of the seafloor are among
the most productive and biodiverse ecosystems on Earth (Wagner et al., 2020).
Providing essential ecosystem services such as coastal protection, supporting fisheries,
and offering opportunities for tourism and recreation, these vibrant underwater
communities are vital to both the environment and human societies. Malaysia boasts
significant coral reef resources, particularly along its eastern coast including the waters
off Terengganu, where 398 coral reef species have been recorded (Lee et al., 2022).
These reefs provide a complex habitat structure and a wealth of resources for a
multitude of marine organisms, including gastropods. However, these valuable
ecosystems are increasingly threatened by a combination of local and global stressors,
including pollution, overfishing, and climate change (Tsang, 2017; Rivera et al., 2020;
Bai et al., 2024).

Recognising the importance of preserving these invaluable marine resources,
Malaysia has established a network of Marine Protected Areas (MPAs), commonly
known as marine parks (Tang et al., 2022). These designated areas aim to protect and
conserve marine ecosystems by regulating human activities and mitigating harmful
impacts. Within the state of Terengganu, four main marine park archipelagos, namely
Pulau Redang, Pulau Perhentian, Pulau Kapas, and Pulau Tenggol, provide sanctuary
for a rich diversity of marine life, including coral reef gastropods (Safuan et al., 2022).
While Pulau Bidong, another significant island in the region, is not formally designated

as part of the Terengganu Marine Park, it holds protected status as a Malaysian



National Heritage site, further emphasising the conservation value of these offshore

islands.

Gastropods, the largest and most diverse class within the Phylum Mollusca,
represent a vital component of marine ecosystems worldwide. Encompassing a vast
array of species including limpets, whelks, cowries, abalone, slugs and nudibranchs;
these shelled invertebrates also occupy diverse niches and play crucial ecological roles
(Dennis et al., 2021). Their presence in various trophic levels, from herbivorous
grazing on algae to carnivores preying on other invertebrates, highlights their
significance in maintaining the intricate balance of marine food webs (Barrientos-
Lujan et al., 2021). Furthermore, their sensitivity to environmental changes makes
them valuable bioindicators of ecosystem health, reflecting the impacts of both natural
and anthropogenic stressors (Samsi et al., 2017). Gastropods can be found in many
different kinds of environments, demonstrating their ecological versatility and

adaptability.

Several studies have examined coral reef gastropod assemblages in various
parts of Southeast Asia, highlighting high species richness and habitat specificity of
these molluscs (Mehrotra et al., 2024; Wahyunita & Fahmi, 2024). The findings
highlight the ecological importance of gastropods as both functional contributors to
coral reefs and sensitive indicators of environmental change. In the Malaysian context,
research efforts have begun to document the diversity and ecological roles of coral reef
gastropods in Terengganu MPAs. The studies by Baharuddin et al. (2020), Reef Check
Malaysia (2020) and Bachok et al. (2021) have documented the diversity of gastropods
in selected marine protected areas. However, comprehensive assessments remain
limited, particularly across multiple archipelagos in Terengganu. This issue underlines
the need for more extensive and comparative research to better understand species

distribution and ecological patterns across the region.

This study focuses on coral reef gastropods of the Terengganu marine protected
islands in the South China Sea, a region of significant biodiversity and conservation
concern. By integrating species-level identification and distributional data across these

protected areas, this study highlights the need for more comprehensive, spatially



extensive and ecologically informed studies that not only document species presence
but also examine distribution patterns, habitat associations and inter-island variations.
Addressing these research gaps is essential for informing a more comprehensive
understanding of gastropod biodiversity and supporting evidence-based management

of Malaysia’s coral reef ecosystems.

1.2 Problem statement and significance

Despite the recognised importance of gastropods in marine ecosystems and the
establishment of Marine Protected Areas (MPAs), a significant knowledge gap exists
regarding the diversity, distribution and ecological roles of coral reef gastropods within
Terengganu islands (Baharuddin et al., 2020). This gap stems primarily from the
absence of comprehensive baseline data and incomplete species checklists, which are
critical for assessing biodiversity trends and detecting potential decline (Lopes-Lima
et al., 2021). Without such foundational information, it is difficult to determine
whether gastropod diversity is increasing or declining, thereby limiting the ability of
conservation managers to evaluate the effectiveness of MPAs (Shaver et al., 2020).
This issue also highlights a broader challenge across Malaysian MPAs where baseline
biodiversity data especially for invertebrate taxa including gastropods remain sparse
and outdated, impeding long-term monitoring and conservation planning (Masud,
2019; Chen, 2021). To bridge this gap, it is essential to review and integrate findings
from previous research conducted within Malaysian Marine Parks or equivalent MPAs
globally. Studies from MPAs in the Indo-West Pacific region, Caribbean,
Mediterranean and Southeast Asia countries including Thailand have highlighted
several challenges in assessing gastropod biodiversity. These include limited
taxonomic expertise, under-sampling of microhabitats, seasonal variation in species
presence and inconsistent survey methodologies across sites (Bouchet et al., 2002;

Albano et al., 2021; Canteri, 2024).

Meanwhile, studies conducted within Malaysian Marine Parks have identified
several constraints in gastropod assessments. These include the difficulty of locating

species due to habitat complexity, the frequent oversight of ecologically important



species and short-term surveys that may not capture seasonal or temporal variability
(Baharuddin et al., 2020; Bachok et al., 2021). As a result, existing checklists remain
incomplete, hindering comprehensive conservation efforts. This incompleteness limits
the utility of these checklists for long-term biodiversity monitoring as it becomes
difficult to detect trends, identify areas of high conservation priority and evaluate the

effectiveness of MPAs (Sullivan-Stack et al., 2024).

Gastropods play a vital role in coral ecosystems, functioning both as ecological
indicators and key contributors. Representing one of the most species-rich invertebrate
groups in marine environments, the gastropods are widely distributed across reef zones
and occupy a variety of microhabitats such as coral rubble (Saponari et al., 2021),
sandy substrates (Rizki, 2019), seagrass beds (Vian et al., 2022) and coral crevices
(Kamerman, 2023). Their diverse morphologies, feeding behaviours and life history
traits allow them to fulfil their ecological functions that are essential for coral reef
health (Delgado & Sharp, 2020; Barrientos-Lujan et al., 2021; Herbert et al., 2023).
Furthermore, gastropod diversity and distribution reflect the stability of marine
habitats particularly coral reefs, making them effective bioindicators for monitoring
environmental changes and anthropogenic impacts (Floyd et al., 2020). This is because
the gastropods can occupy various ecological niches, ranging from herbivores that
prevent algae overgrowth and enhance coral reproduction (Lippens, 2025) to
carnivores that regulate prey populations, maintain trophic balance and promote
biodiversity within coral ecosystems (Motti et al., 2022). Consequently, changes in
gastropod diversity often signal shifts in environmental conditions, offering early
warnings of ecosystem degradation. Assessing the age structure of gastropod
populations is also essential as it provides valuable insights into the growth rates,
population recruitment and reproductive output (Maxwell, 2021; Herbert et al., 2022).
Understanding the different age classes within gastropod communities helps identify
ecological stressors and guide conservation strategies to conserve gastropod

populations.

This study aligns with the National Policy on Biological Diversity 2016-2025,
specifically Goal 1, which promotes sustainable use of biodiversity among

stakeholders and Target 1, which increases awareness of biodiversity values among



Malaysians (Ministry of Natural Resources and Environment, 2016). By providing
baseline data on gastropod diversity in coral reef ecosystems, this study can inform
stakeholders about management strategies, support the development of targeted
conservation measures and enhance public awareness of coral ecosystems. The study
addresses the current knowledge gap by investigating species diversity, distribution
patterns, age structure (using shell length as a proxy) and feeding guilds of coral reef
gastropods within marine protected areas. This information provides crucial baseline
data for understanding the ecological dynamics of gastropod communities and
developing effective management strategies for long-term conservation of vital marine

habitats.

1.3 Research questions

1. What is the diversity, distribution and abundance of coral reef gastropods
among and within islands?

2. How do shell metric and biomass of coral reef gastropods vary among and
within islands?

3. What are the feeding guilds of coral reef gastropods among and within

islands?

14 Hypothesis

1. The diversity of coral reef gastropods in Terengganu marine protected

islands is low.

2. The value of shell metric and biomass varied between the islands.

3. The highest percentage of feeding guild for coral reef gastropods is the

corallivore group.



1.5

Objectives of study

The objectives of this study are:

. To determine diversity, distribution and abundance of coral reef gastropods

among and within islands.

. To assess shell metric and biomass of identified coral reef gastropods among

and within islands.

. To characterize feeding guilds of coral reef gastropods among and within

islands.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction of coral reefs

2.1.1 Overview of coral reef ecosystems

A single coral is composed of many tiny invertebrates known as polyps
(Donovan et al., 2023). They are generally attached to substrates such as rocks or the
ocean floor to form reef carbonate skeletons. The polyps in a colony are linked by
living tissue and can share food among neighbouring individuals. Each coral polyp
contains zooxanthellae algae, which have a symbiotic relationship with corals
(Titlyanov & Titlyanova, 2020). While the zooxanthellae algae transported
photosynthetic products such as organic carbon, the coral protects microalgae within
the polyp tissue (Bara’langi et al., 2021). The organic carbon is primarily in the form
of glycerol, which is used by corals for metabolic functions such as protein synthesis
and biomass buildup (Linsmayer et al., 2020). To form a reef skeleton, coral polyps
extract calcium and carbonate ions from the surrounding seawater (Khalifa et al.,

2021).

Coral reef growth and health are influenced by environmental conditions such
as light, water movement and invertebrate marine species, which can impact corals in
both beneficial and harmful ways (Barton et al., 2020; Hossain & Staples, 2020;
Kuanui et al., 2020). Light enhances the photosynthetic activity of zooxanthellae algae,
thereby boosting coral metabolism and calcification (Briggs & Carpenter, 2019).

However, some studies have shown that low light levels can reduce photosynthate



production and weaken skeletal formation (Kahng et al., 2019; Kramer et al., 2023).
Water movement facilitates nutrient delivery and prevents fouling organisms from
settling on the coral surface, though excessive flow may deform polyps and impair

nutrient uptake (Jones et al., 2019; Samson et al., 2019).

Some invertebrates can alter coral skeleton in ways that affect nutrient
dynamics and reef structures (Barton et al., 2020). For example, sponges attach to coral
skeletons and release nutrient-rich effluent water that benefits the coral hosts (Pawlik
& McMurray, 2020). Crabs from Cryptochiridae create small holes on coral skeletons
to facilitate filter feeding (Chan et al., 2020). While these interactions can enhance
nutrient availability for coral hosts, they may also have negative impacts by reducing
growth or consuming coral tissue (Brandt et al., 2019; Bravo et al., 2024). These
examples illustrate both the positive and negative effects of coral-associated
invertebrates, which may also apply to molluscs particularly corallivorous gastropods
that physically and biologically alter reef environments (Ruan, 2021; Zhang et al.,
2024; Rani & Roy, 2025)

2.1.2 Coral reefs ecosystem services

Ecosystem services refer to a broad range of benefits provided by natural
resources and ecological processes. Coral reefs can offer various services to the
environment and human societies (Hoegh-Guldberg et al.,, 2019). According to
Millennium Ecosystem Assessment (MEA) categories, coral reef ecosystem services
can be classified into provisioning services (Alemu et al., 2021), cultural services (Niz

et al., 2023), supporting services and regulating services (Brathwaite et al.,2022).

Provisioning services are benefits produced by the coral reef ecosystem,
mainly divided into two main groups; fishery and materials (Woodhead et al., 2019).
Coral fisheries provide essential sources of protein and income, particularly in rural
areas where dependence on marine resources is high (Chaijaroen, 2022). Additionally,
coral materials are harvested in some regions for land reclamation and some coral

species are collected globally for curio trades (Sosnowski et al., 2020).



Cultural services are non-material benefits such as tourism and spiritual values
that enhance human experiences and livelihoods. Coral reef tourism generates an
estimated US$375 billion annually and sustains livelihoods across more than 100
jurisdictions (Kamaludin et al., 2021). The aesthetic appeal of many different forms of
reef organisms including gastropods adds to both cultural and economic value of coral

reefs (Moretzsohn, 2023).

Regulating services are the benefits obtained from ecological regulations
process such as coastal protection and water quality cycling (Grizzetti et al., 2019;
Woodhead et al., 2019). Coral reef structures can dissipate wave energy and reduce
coastal erosion during extreme weather events (Joy et al., 2021; Viehman et al., 2023).
Additionally, they also support water filtration through filter-feeding organisms
including molluscs and other invertebrates to improve water quality (Richard et al.,

2024).

Supporting services refer to the ecological functions of coral reefs that provide
key habitat to many marine organisms. Their complex three-dimensional (3D)
structures serve as species refugia and ecosystem engineers (Rinkevich, 2021). The
3D structure of coral reefs is strongly associated with the diversity, abundance and
biomass of gastropods because most benthic organisms rely on this ecosystem for

shelter and food (Burns et al., 2019).

2.1.3 Regional coral reefs diversity and distribution

The Indo-West Pacific, particularly the Coral Triangle, is the global centre of
marine biodiversity by hosting over 600 scleractinian corals and represents nearly 75%
of the world’s reef species (Yusuf et al., 2019; Sobha et al., 2023). Within the Coral
Triangle, Malaysia is recognised for its high coral diversity especially along the east
coast of Peninsular Malaysia and in Sabah (Safuan et al., 2020). Terengganu, a state
on the eastern coast of Peninsular Malaysia is renowned for its vibrant coral reefs, with
branching and massive corals being the most dominant species (Akmal et al., 2019;

Safuan et al., 2021). Branching corals such as Acropora spp. are fast-growing and form
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complex, tree-like structures that enhance habitat complexity and support high
biodiversity (Speare et al., 2023). In contrast, massive corals like Porites spp. grow
slowly into dome-shaped structures that are more tolerant of wave action and thermal

stress (Akmal et al., 2019; Isdianto et al., 2024).

Despite their ecological importance, the coral reefs in Terengganu have
experienced various disturbances from both natural and anthropogenic factors (Safuan
et al., 2022). Among natural stressors, the outbreak of corallivores including
gastropods plays a significant role in reef degradation (Baharuddin et al., 2017; Tsang
et al.,, 2017). In addition to natural disturbances, human-induced pressures such as
overfishing and pollution have become major drivers of coral reef decline in the region

(Marzo et al., 2023).

2.2 Marine Protected Areas (MPAs)

The government of Malaysia has established marine parks, which are also
recognised as Marine Protected Areas (MPAs). MPAs are specific management tools
used to zone marine ecosystems in order to minimise the impact of anthropogenic
activities, promote the recovery of ocean ecosystem and enhance their services to
nature and human well-being (Safuan et al., 2022). A primary objective of MPA is to
protect and reduce the decline of marine ecosystems and biodiversity, particularly
coral reefs (Rahman et al., 2019). According to Safuan et al. (2022), Malaysia signed
and ratified the Convention on Biological Diversity (CBD) in 1992 and 1994,
demonstrating the country’s commitment to the broader biodiversity conservation in
the region. The CBD has served as a catalyst to the increment of marine parks in
Malaysia. Initially, the Department of Fisheries Malaysia was responsible for
managing marine parks in Peninsular Malaysia. However in 2007, marine parks were
administered under the Ministry of Natural Resources and Environment (Mokhtar et
al., 2020). To date, 42 marine parks have been designated across Peninsular Malaysia
including in Johor, Kedah, Pahang, Melaka and Terengganu with 13 parks located

specifically in Terengganu.
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Terengganu Marine Parks cover a total area of 591.37 km? and serve as popular
tourist destinations that contribute significantly to government revenue and support
local businesses through the tourism industry (Safuan et al., 2022). The main marine
park archipelagos in Terengganu were Pulau Perhentian, Pulau Redang, Pulau Kapas
and Pulau Tenggol, located in the South China Sea off the east coast of Peninsular
Malaysia (Table 2.1). In addition, Terengganu also has a historically significant island,
Pulau Bidong, which is known as ‘Little Saigon’ by the local people (Daud et al.,
2022). Although Pulau Bidong is not officially designated as a marine park, the
Terengganu government has gazetted it as a significant asset in recognition due to its
cultural, historical and ecological values (Ridzuan et al., 2022). Pulau Bidong is known
for its historical symbol of ASEAN solidarity that accommodated refugees fleeing
Vietnam after the war. Since 2010, the island has become the site of Universiti
Malaysia Terengganu Research Centre (UMT MaReST). Terengganu islands harbour
diverse and rich reef ecosystems that have attracted many visitors, leading to the

development of various infrastructures in the islands (Safuan et al., 2022).

The establishment of MPAs is crucial not only for preserving but also for
protecting important associated marine biodiversity including invertebrate
communities such as gastropods (Saleh et al., 2020). MPAs have significantly
contributed to biodiversity conservation by providing refugia for marine species,
supporting population recovery and maintaining ecological interactions (Grorud-
Colvertetal., 2021; Gilmour et al., 2022; Hadiyanto et al., 2022). From the perspective
of ecosystem resilience, marine protected areas help to buffer coral reefs against
anthropogenic stressors such as overfishing, pollution and coastal development,
allowing ecosystems to better recover from disturbances (Good et al., 2021; Ceccarelli
etal., 2022). By preserving coral reef habitats, MPAs help maintain the environmental
complexity and microhabitats that are vital for the survival and reproduction of marine
organisms, especially gastropods (Chen, 2021; Riera et al., 2024). In conclusion,
Terengganu’s MPAs not only serve socio-economic purposes but also act as important
conservation tools that support the long-term sustainability of marine biodiversity,

particularly coral reef ecosystems (Masud et al., 2022; Safuan et al., 2022).



Table 2.1 List of marine parks in Terengganu (Safuan et al., 2022).
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Marine Park Gazetted (Year) Location Distance from mainland (km) Islands
Besut District . .
Perhentian 1994 5°54'35.09"N 16.0 Perhemian Besar, Ferhentian
102°44°16.77”E ’
Kuala Nerus ) .
District Redang, Pinang, Lima, El§0r
Redang 1994 onms s 23.0 Tebu, Yu Besar, Yu Kecil,
5°47°2.68”N
Lang Tengah
103°0°25.75”E
Marang District
Kapas 1994 5°13°8.35"N 5.0 Kapas
103°15°53.82”E
Dungun District
Tenggol 1994 4°48°27.23”N 28.0 Tenggol, Nyireh

103°40°45.19
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2.3 Diversity and distribution of gastropods

Phylum Mollusca is one of the most diverse and notable groups in the animal
kingdom, inhabiting all environments ranging from deep sea to terrestrial domains.
Molluscs are soft-bodied invertebrates with complex structures that protect their soft
tissues from predation and prevent desiccation. Gastropoda is one of the classes within
Phylum Mollusca, comprising more than 10,000 species. Most gastropods possess
coiled shells and an operculum, which help close the shell and protect the animal
(Dennis et al., 2021). The main body parts are the head, foot and visceral mass (Sonak,
2017). The head bears sensory organs such as tentacles, eyes and mouths. It typically
protrudes anteriorly from the shell, while the foot is a muscular ventral organ with a
flattened base used for locomotion. The visceral mass fills the spire of shell. The

characteristics of gastropods are illustrated in Figure 2.1.

Gastropods are incredibly versatile and have adapted to various habitats,
making them one of the most diverse invertebrate groups worldwide. They inhabit
freshwater, terrestrial and marine and within these, they can occupy a range of
microhabitats including coral reefs (Zainuddin et al., 2024). Environmental conditions,
ecological interactions and anthropogenic factors can all influence the diversity and
distribution of gastropods. Stella et al. (2022) found that coral reef structures play
crucial roles in shaping gastropod communities. For example, branching corals support
more species than massive or foliose corals. This is because the volume of coral heads
and spaces between the coral branches serve as shelters, protecting gastropods from
wave action and predators (Sheppard, 2021). Additionally, gastropod distribution may
also be influenced by ecological interactions such as competition, predation and
nutrient availability, which support both diversity and abundance (Laheng et al., 2023).
However, human impacts include fisheries and over-tourism can lead to habitat
degradation and physical disturbance to coral communities, ultimately altering
gastropod diversity and affecting other coral-associated marine organisms on a global

scale (Mohanraj et al., 2015).
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Figure 2.1 General characteristics of gastropod (Source: Zakaria, 2013).

24 Coral reef gastropods in Southeast Asia

2.4.1 Patterns of species diversity and distribution in tropical regions

Coral reef molluscs are diverse invertebrates inhabiting marine environments,
and several MPAs in Southeast Asia have conducted studies on gastropods.
Gittenberger et al. (2015) investigated marine gastropod species on mushroom coral
reefs as biological bioindicators in Halmahera Mollucas, Indonesia. The researchers
identified 27 species of coral-associated gastropods from two families; Epitoniidae and
Coralliophilidae (Table 2.2). Similarly, Rahmayanti et al. (2018) recorded 13 genera
of marine gastropods on Wangi Island, Indonesia. Mitra gastropods from the Mitridae
family had the highest number with 86 individuals, followed by Collumbella (40) and
Conus gastropods (35), respectively.

Another study on coral mollusc species was conducted in the Sattahip district
of Thailand by Sanpanich and Duangdee (2015). The research focused on the classes

Bivalvia and Gastropoda. Most species were found at Nang-Rong Beach, likely due to
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the wider and longer coral reefs in that area. The assessment identified 17 gastropod
families in the coral reef area (Table 2.2). Herbivorous gastropod families such as
Columbellidae, Trochidae and Turbinidae were abundantly recorded due to the high

percentage of marine algae in the Nang-Rong Beach area.

On the other hand, Sanpanich and Duangdee (2018) reported 181 gastropod
species from 53 families and 97 bivalve species from 26 families in the Southern
Mergui Archipelago, Myanmar (Table 2.2). The most common gastropods were
Chicoreus ramosus (Muricidae) and Astralium rhodostomum (Turbinidae). The
Muricidae family inhabits a wide range of coastal and marine habitats, including coral
reefs. Astralium rhodostomum was the second most abundant species due to the high

algae coverage on coral reefs.

Lastly, an assessment of coral reef gastropods in Southeast Asia's MPAs also
was conducted by Prieto-Amador and Palomar-Abesamis (2024) in the Philippines.
They identified seven species of gastropods, namely Cerithium sp., Conus sp., Cyprae
tigris, Ovula ovum, Lambis sp., Tonna sp. and Rochia nilotica. The presence of certain
gastropods such as Conus sp. and Lambis sp. in both coral reefs and seagrass substrates
suggests their adaptability to multiple habitats (Prieto-Amador & Palomar-Abesamis,
2024).

These studies highlight the ecological importance of gastropods within coral
ecosystems. Gastropods fulfil a variety of functional roles, including herbivory,
carnivory and corallivory (Motti et al., 2022; Zhang et al., 2024; Lippens, 2025). For
instance, the dominance of herbivorous families such as Ceriithidae, Columbellidae,
Trochidae and Turbinidae in algae-rich environments underscore their roles in
controlling algae growth and maintaining coral health (Barbosa et al., 2019; Benitez
et al., 2022; McMullin et al., 2024). In addition, predatory species such as Conus sp.
and Chicoreus ramosus (Muricidae) function as trophic regulators, influencing the
population dynamics of their prey within coral communities (Sakilan, 2021; Ratibou
et al., 2024). The Muricidae family occupies a broad range of marine habitats and is
recognised for its diverse ecological roles, ranging from predation to structuring coral

communities (Baharuddin et al., 2019; Tan et al., 2024).
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Moreover, the presence of gastropods in Halmahera Moluccas, Indonesia such
as Coralliophilidae (corallivores) and Epitoniidae (carnivores) can reflect the health,
structure and functionality of coral reef ecosystems (Rice et al., 2019; Niitzel, 2021).
These coral-associated gastropods play important roles with epitoniids functioning
mainly as parasites of cnidarians, while coralliophilids act as corallivores by feeding
on live coral tissue (Gautrand et al., 2023; Mehrotra et al., 2024). Additionally, a
variety of carnivorous, herbivorous and omnivorous gastropods have been recorded on
Danjungan Island, Philippines (Prieto-Amador & Palomar-Abesamis, 2024). Each
feeding guild of gastropods demonstrates their ecological versatility and roles in
trophic regulation, benthic community structure and nutrient cycling across various
habitats (Morillo-Velarde et al., 2018; Mies et al., 2024). Their presence contributes

to reef trophic dynamics and makes them sensitive bioindicators of coral health.

Despite their crucial ecological roles, gastropods and particularly their coral
habitats are increasingly threatened by numerous conservation challenges (Bravo et
al.,2021; Chen, 2021). Coral-associated gastropods especially corallivores, herbivores
and carnivores are ecologically significant due to their close dependence on live coral
hosts. The continued degradation of coral reefs from ocean acidification and pollution
directly affects habitat availability for these specialised taxa (Young & Gobler, 2020;
Zhang et al., 2024). Ocean acidification reduces the availability of aragonite and
calcite, which are vital for coral skeleton formation, thereby weakening coral
structures that provide essential microhabitats for gastropods (Masanja et al., 2024).
Furthermore, pollution from agriculture and coastal development reduces water
quality, promotes algae growth and hinders coral larvae settlement, leading to a shift
from coral-dominated to algae-dominated reef ecosystems (Wang et al., 2020; Fairoz,
2022; Zahoor & Mushtaq, 2023). While this transition may temporarily benefit
herbivorous gastropods, they ultimately indicate ecosystem decline and reduced
biodiversity (Delgado & Sharp, 2020; Bieg et al., 2024). The long-term survival of
gastropods fundamentally depends on coral reef health and resilience. Therefore, the
protection and preservation of coral ecosystems are essential not only for sustaining
gastropod diversity but also for maintaining the overall health of marine ecosystems

(Barrientos-Lujan et al., 2017; Voolstra et al., 2023).



Table 2.2 Coral reef gastropod studies in Southeast Asia MPAs.
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Methodology Study Location (MPAs) Substrate Family  Genus
Gittenberger et al. 2015 Indonesia Mushroom coral 2 2
(Halmahera Moluccas) reefs
Indonesia Fringing coral
Rahmayanti et al. 2018 reefs and fine 12 13
Wangi-wangi Island sand
Transect line and quadrat Sanpanich & Duangdee, Théllagd . Coral reefs 17 28
2015 (Sattahip District)
Sanpanich & Duangdee, Myanmmar Coral reefs and 53 114
2018 (Mergui Archipelago) sandy beaches
Prieto-Amador & Palomar-  Philippines (Danjungan  Coral reefs and 7 7
Abesamis, 2024 Island) seagrass beds
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2.5  Coral reef gastropods in Malaysian MPAs

To date, various attempts have been made to determine the diversity of coral
reef gastropods in Malaysian MPAs. However, most gastropods inhabiting coral reefs
have only been documented in conference papers and technical reports. Previous
research has focused mainly on conservation sites, which are particularly relevant

studies due to the sustainable management efforts begun.

In Terengganu, Baharuddin et al. (2017) studied the population dynamic of
corallivorous gastropod Drupella rugosa, recording 401 individuals in Pulau Redang.
The researchers reported a significant difference in shell length among Drupella
rugosa due to the different cohort species. Further research on gastropods at coral reefs
was conducted by Baharuddin et al. (2020) at Pulau Redang, Pulau Perhentian, Pulau
Kapas and Pulau Tenggol. Drupella rugosa was the most frequently encountered
corallivorous species across all islands. Tenguella marginalba and Morula spinosa
were the second most abundant, and while Cerithium columna, Cerithium coralium

and Drupa ricinus were among the least recorded.

In addition, Reef Check Malaysia (2020) reported the presence of corallivorous
gastropod, Drupella spp. (Muricidae) in the states of Johor and Melaka. Bachok et al.
(2021) also recorded 97 gastropods from Muricidae family in Pulau Yu Besar and
Pulau Yu Kecil. Drupella rugosa was the most abundant species across all surveyed
sites. However, many gastropods were likely missed due to their cryptic locations and
patchy distribution. The researchers suggested that the actual abundance may be higher

than recorded.

Zainuddin et al. (2024) documented 112 individuals belonging to two
subclasses (Caenogastropoda and Vetigastropoda) and two families (Muricidae and
Turbinidae) in Pulau Redang. The identified species included Astralium rhodostomum,

Drupella rugosa, Morula spinosa and Tenguella marginalba.
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While these studies provide valuable insights into species diversity and
distribution in Malaysian MPAs, significant knowledge gaps remain regarding the
ecological roles of gastropods in coral ecosystems. Assessing their functional
contributions such as coral predation, algae grazing and prey regulations are essential
for coral community structure (Ruan, 2021; Motti et al., 2022; Fasila & Vinod, 2024).
However, limited information on these roles in Malaysia hampers our understanding
of their functional significance. Moreover, the diversity, distribution and ecological
functions of gastropods are increasingly threatened by habitat degradation, climate
change, ocean acidification and anthropogenic disturbances such as overfishing and
pollution (Marshall & McQuaid, 2020; Stella et al., 2022; Marzo et al., 2023; Li et al.,
2025). Without a better understanding of gastropod roles and the pressures they face,
conservation strategies may overlook key components essential for maintaining the

resilience and ecological balance of coral reef ecosystems (Chen, 2021).



Table 2.3 Previous coral reef gastropod studies in Malaysian MPAs.

Methodology Study State Location Family Genus
Reef Check Malaysia 2020
(Technical report) Johor Pulau Aur, Pulau Dayang 1 1
Reef Check'Malaysw 2020 Melaka Pulau Sembilan 1 1
(Technical report)
. Baharudd.m etal. 2017 Pulau Redang 1 1
Transect line and (Technical report)
quadrat Baharuddin et al. 2020 Pulau Redang, Pulau
. ' Perhentian, Pulau Kapas, 3 7
(Technical report)
Terengganu Pulau Tenggol
Bachok et al. 2021 Pulau Yu Besar, Pulau Yu 1 3
(Technical report) Kecil
Zainuddin et al. 2024 Pulau Redang D) 4

(Article)

20
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2.6 Shell metric and biomass of gastropods

Shell metrics refer to quantitative measurements of gastropod, including both
external (shell length, shell width) and internal (aperture length, aperture width)
dimensions. These measurements offer valuable ecological insights into coral reef
gastropod communities (Obaza & Ruehl, 2013). External measurements reflect the
growth of gastropods, while the aperture plays a crucial role in allowing their
emergence and withdrawal (Allsay & Dwi, 2023). In measuring shell metrics, shell
length is taken from the apex of the shell to the base of aperture, while shell width is
measured at the widest part of the body whorl (IDTools, 2022). Aperture
measurements include aperture length, which is the longest distance across the aperture
and aperture width is the widest distance across the aperture. Biomass is the total
weight of all organisms in a specific area, and gastropod’s biomass is typically
measured as dry weight or ash-free dry weight (EkI6f et al., 2023). EkI6f et al. (2023)
also reported that biomass is one of the fundamental variables in ecology, playing a
crucial role in studies ranging from ecophysiology and food web interactions to whole-

ecosystem metabolism.

Figure 2.2 The shell metrics of the gastropod: shell length (SL), shell width (SW),
aperture length (AL) and aperture width (AW) (Source: Baharuddin et al., 2019).
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2.7  Ecological roles and feeding guilds of gastropods

Gastropods play several crucial roles in the marine ecosystem surrounding the
offshore islands of Terengganu in the South China Sea. They contribute to ecosystem
health and stability by serving as bioindicators to assess the ecological condition of
coral communities. Feeding guilds classify groups of species that share similar food
resources, based on the idea that closely related species often exhibit similar feeding
behaviours (Sanchez-Hernandez, 2020). Coral reef gastropods consist of several
functional groups such as corallivores, carnivores, herbivores and bioeroders, each
contributing uniquely to maintaining coral reef health (Kamerman, 2023; Mies et al.,
2024). Maintaining optimum proportions of these feeding guilds of gastropods are
essential for the stability of coral ecosystems. For example, corallivorous gastropods
influence coral population dynamics (Ruan, 2021), herbivores help control algae
overgrowth (Lippens, 2025), carnivores regulate coral predator population (Motti et
al., 2022) and bioeroders contribute to substrate turnover and availability (Luthfi &
Priyambodo, 2020). Therefore, any imbalance among these functional groups may
indicate ecological stress, potentially leading to reduced coral resilience and

biodiversity (Knoester, 2023).

2.7.1 Corallivores

Corallivory is the predation of coral tissues and corallivores are organisms that
rely on coral reefs as their primary food resources (Tsang, 2017). In 1842, Charles
Darwin reported the first occurrence of corallivory after discovering fragments of coral
reefs in the intestines of Scarus fishes during his research trip to Cocos-Keeling Atoll.
Corallivorous gastropods belonging to the genera of Drupella and Coralliophila can
impact coral ecosystems at multiple levels, from the individual to entire coral
communities (Lei et al., 2022). Drupella species use a specialised feeding organ called
the radula to scrape coral tissue from the carbonate skeleton, leaving feeding scars
marked by white spots. While Drupella naturally occurs in coral reef ecosystems, their
uncontrolled aggregations can lead to population outbreaks (Canteri, 2024). An
outbreak is defined as a sudden and rapid increase of coral predators above the density

of coral communities can sustain. The first population outbreak of Drupella occured
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in Japan (Bessey et al., 2018). These outbreaks have caused substantial damage and
negative impact on coral reef populations as demonstrated by researchers in Hong
Kong, Kenya, Red Sea, Western Australia (Canteri, 2024). The aggregation of
Drupella poses a serious threat as their aggressive behaviour leads to extensive tissue
loss, transmits diseases and reduces live coral cover (Barton et al., 2020; Renzi et al.,
2022; Tan et al., 2024). Therefore, these detrimental impacts highlight the paramount
importance of protecting coral reefs and mitigating the consequences of corallivore

outbreaks, which can threaten the health of entire coral ecosystems (Rice et al., 2019).

Marine gastropods from Corallipophila genus are corallivores, although these
snails lack typical feeding structures such as radula and jaws to feed coral tissues.
Coralliophila genus is sedentary animals by attaching themselves to coral colonies and
obtaining their food by sucking up photosynthate that corals transport to their injured
tissue (Simmonds et al., 2018). When Coralliophila snails interact with Acropora
corals, they cause more visible damage than other coral genera, and this gastropod is
mostly clustered together due to chemical substances in mucus released by stressed
corals (Hamman, 2018). Several predators such as the spiny lobster Panulirus argus,
snapping shrimp Synalpheus fritzmuelleri and the muricid rock snail Thais deltoidea
are capable of controlling the aggregation of corallivorous snails at coral reefs (Shaver

et al., 2020).

Moderate corallivory can still induce changes and serve as a form of biological
control within coral communities (Rice et al., 2019). The corallivorous gastropods can
influence coral reef composition by preying on fast-growing corals such as Acropora,
Montipora and Pocillopora, thereby allowing the coexistence of other coral genera
within the same marine environments (Ruan, 2021). However, when predation
becomes intense, these gastropods can affect the overall health of coral communities
by facilitating the transmission of various diseases. According to Munk (2024), injured
corals tend to exhibit slower growth rates because a proportion of their energy is
redirected to wound recovery sites, leaving limited energy for overall growth. The
corallivorous snails are known as disease vectors by introducing pathogen agents such

as Serratia marcescens to initiate coral diseases such as white spots, yellow band,
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black band disease (BBD) and brown band disease (BrB) (Subhan et al., 2020; Renzi
et al., 2022).

2.7.2 Carnivores

Carnivorous gastropods feed on organisms such as sponges, barnacles,
tunicates, echinoderms and molluscs, and they often co-exist within the same coral
reef habitat as coralivorous gastropods (Averbuyj et al., 2021). According to Delgado
and Sharp (2020), some carnivorous gastropods such as Thais deltoidea can predate
and control corallivorous snails from the Coralliophila genus. In addition, triton giant
snails have also been proposed to prevent other forms of corallivores such as crown-
of-thorns starfish (Motti et al., 2022). They concluded that the presence of carnivorous
gastropods could benefit coral reef conservation efforts by reducing corallivores that
feed on living coral tissue, as corallivores can hinder coral growth and develop other

coral stressors such as diseases (Delgado & Sharp, 2020).

2.7.3 Herbivores

Coral reefs face threats globally and undergo phase shifts from coral to algae-
dominated communities. A phase shift occurs when the balance between algae-coral
is disturbed, leading to replacement of live coral cover with dense algae (Gonzalez et
al., 2017). Algae typically exist in low density but when coral colonies are disturbed,
the opportunistic or fast-growing algae rapidly colonise the exposed coral skeletons
(McManus & Polsenberg, 2004). The interspecific competition between corals and
algae is often driven by limited space and resources such as sunlight. In this context,
the presence of herbivorous gastropods is essential to improve coral survival by
grazing on overgrowing algae (Feitosa, 2024; Neil et al.,, 2024). Herbivorous
gastropods are organisms that consume algae such as turf algae (Figueiredo et al.,
2020), microalgae (Fasila & Vinod, 2024) and crustose coralline algae (Castejon et al.,
2023). Henry et al. (2019) stated that herbivorous species such as Lithopoma

americanum (Turbinidae), Batillaria minima (Batillariidae) and Trochus niloticus
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(Trochidae) can enhance coral survival by uncovering underlying substrates, including
dead coral skeletons for larvae recruitment. Furthermore, the ability of herbivorous
gastropods to reduce algae biomass also decreases algae overgrowth on juvenile corals,

thereby facilitating their growth (Lippens, 2025).

2.7.4 Bioeroders

Bioeroders are organisms that can break down carbonate substrates and modify
reef structures (Fordyce et al., 2020). Gastropods exhibit bioeroder mechanisms
capable of eroding and weakening the coral skeleton through their activities,
potentially contributing to coral structural degradation. However, bioerosion also plays
an important ecological role in regulating coral dynamics by breaking down dead coral
and creating new substrate for settlement of sedentary larvae species (Luthfi &

Priyambodo, 2020).

Regardless of their importance and roles in coral reef ecosystems, some
molluscan fauna such as vermitid gastropods have notable effects by deforming coral
reef structures (Adhavan et al., 2021). The coral reefs often provide a habitat for slow-
moving organisms but high density of vermitid gastropods can potentially deform
coral morphology (Hoeksema et al., 2022). The sessile gastropods are abundant and
typically embed themselves on coral reef skeletons. The mucus secreted by vermitid
gastropods to trap particles is frequently in contact with coral reefs. This interaction
can alter coral dimension by reducing coral rugosity (surface roughness), making the
coral surface smoother and lowering the growth rate (Shima et al., 2013). Therefore,
marine gastropods play an essential role in structuring coral communities and

contributing to the ecological balance of coral reef ecosystems.



CHAPTER 3

METHODOLOGY

3.1 Description of study area

Terengganu had one of the longest sandy coastlines (244km) in Peninsular
Malaysia and several offshore islands (McAfee, 2017). The marine park islands were
represented by Pulau Perhentian, Pulau Redang, Pulau Kapas, Pulau Tenggol, Pulau
Yu Besar and Pulau Yu Kecil. Meanwhile, Pulau Bidong was designated as a state
park.
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Figure 3.1 Map of Terengganu in Peninsular Malaysia showing the study area; Pulau
Perhentian, Pulau Redang, Pulau Bidong, Pulau Yu Besar, Pulau Yu Kecil, Pulau
Kapas and Pulau Tenggol (@ = site).



27

Pulau Bidong

——

Pulau Redang

Pulau Yu Kecil

Pulau Perhentian

(Source: Baharuddin et al. 2020).
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Figure 3.3 Aerial views of sampling studies in Terengganu marine protected islands
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Pulau Bidong was a small island with an area of 1 km? and located off the east
coast of Peninsular Malaysia in Terengganu. It was historically significant as a home
to the Vietnamese boat people in the 1970s and 1980s. The island remained
uninhabited since the repatriation of refugees in the late 1980s (Grismer et al., 2014).
Although Pulau Bidong was not officially listed as a marine park, it was declared a
national heritage site in Malaysia due to the abundance and richness of its benthic
species. The waters surrounding the island supported a variety of coral life, from
branching to massive coral reefs that hosted diverse fish communities. Most coral reefs
around Pulau Bidong were dominated by branching, massive, tabulate and foliose

corals (Firdaus et al., 2021).

Apart from that, Pulau Kapas was a small island located 4km offshore of
Marang district, roughly 20 km south of Kuala Terengganu. It was declared a marine
park in 1994. Fishing activities were prohibited within the one nautical mile boundary
zone around Pulau Kapas as many nearby fishing households relied on commercial
fish for their livelihood. The protected status helped to sustain healthy reef conditions,
reduced destructive fishing practices and maintained marine biodiversity. The coral
reefs surrounding this island were composed of diverse forms, including branching,
massive and encrusting corals (Hong et al., 2020). These corals served as nurseries and

breeding grounds for various marine organisms.

Furthermore, Pulau Redang was located approximately 45 km north-northeast
of Kuala Terengganu and comprised a group of several islands. The island was
gazetted as a marine park under the management of the DoFM (Razak et al. 2024).
The marine park boundary was established by a line connecting points within two
nautical miles of the coasts of Pulau Redang and several other smaller islands. This
marine park status restricted harmful human activities and allowed marine life to
survive. The coral reefs were dominated by an array of hard and soft corals, including
Acropora, Porites, and Montipora species, which provided essential habitats for fish,
molluscs and echinoderms (Bachok et al., 2020; Hong et al., 2020). Pulau Redang was
also an important site for turtle conservation, making the island a focal area for

conservation, scientific research and sustainable marine tourism (Salleh et al., 2021).
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Meanwhile, Pulau Tenggol had been part of Terengganu Marine Park islands
since 1994 and was located 30 km from Dungun off the east coast of Terengganu. The
island had no permanent local populations due to lack of electricity infrastructure,
limited groundwater supplies and the absence of centralised sewage treatment. The
harsh environmental conditions around Pulau Tenggol, including strong currents and
waves, allowed only professional SCUBA divers to properly assess the island's
conditions. These hydrodynamic forces contributed to high water quality and
influenced the distribution of coral assemblage, including Porites species (MacNeil et
al., 2019). Pulau Tenggol also functioned as an important foraging and transient habitat

for migratory species such as whale sharks (Anandhi, 2025).

In addition, Pulau Yu Besar and Pulau Yu Kecil were small rocky islands
designated as marine parks, bringing the total number of marine park islands in
Peninsular Malaysia to 42. The coral reefs around these islands had a moderately high
level of Nutrient Indicator Algae (NIA), indicating elevated nutrient levels that
contributed to increased algae growth in the surrounding waters (Reef Check Malaysia,
2020). The substrates around Pulau Yu Besar and Pulau Yu Kecil were mainly
composed of branching corals, coral rubbles and rocks, providing essential shelter for

cryptic species (Bachok et al., 2021).

Lastly, Pulau Perhentian, known as one of the largest marine parks in
Peninsular Malaysia, had a diverse coral ecosystem and was an ideal destination for
tourists (Jaafar & Maideen, 2012). The island was located 21 km from Terengganu
and the Department of Fisheries Malaysia (DoFM) protected the marine ecosystem by
designating it as a marine protected area in Pulau Perhentian in 1983. Pulau Perhentian
was later officially declared a marine park in 1994 under the Marine Park Malaysia
Order 1994. The order established a no-fishing zone extending 3.70 km from the
lowest water level mark of island. This protection allowed the coral reef ecosystems
to flourish, with a high diversity of coral species such as branching and foliose types

that supported a wide array of marine life (Safuan et al., 2022).
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3.2 Field sampling and laboratory analysis

3.2.1 Fieldwork

The fieldworks were carried out from July until October 2020. The SCUBA
divers surveyed a 50 m x 10 m transect line within coral reef areas at depths ranging
from approximately 3-5 m (shallow) to 10-12 m (deep), depending on coral conditions.
These surveys were carried out at designated sampling sites across different islands
using a non-destructive sampling approach. A one dive-one station ratio was applied
to ensure consistency of sampling effort and reduce diver fatigue-related bias (Couch
etal., 2021; Burns et al., 2025). At each study site, a quadrat of 0.0625 m? was used to
quantify gastropods abundance within the transect line in the coral reef area.
Gastropods specifically inhabiting branching coral (e.g. Acropora spp.) were
systematically collected along each transect based on the method by McClanahan
(1997). The complex structure of branching corals provided holes and crevices within
the reef where gastropods could seek protection from predation (Seinor et al., 2020).
These methods were suitably adjusted to align with the unique characteristics of the
study area. A series of underwater photographs were taken to document the presence
or absence of coral reef gastropods and their coral prey. The gastropods observed at
the site were carefully collected using forceps to minimise disturbance to the coral
colonies. Subsequently, these collected specimens were placed in plastic bags and
stored in an ice chest before being transferred to a freezer set at -20°C for further

laboratory analysis.

3-12 m depth
50m

10m

Figure 3.4 The layout of a transect line and the quadrat position at each sampling site.
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-~

igﬁre 3.5 The layout of a transect line and the quadrat position at each sampling
site; a: b) the positions of the quadrat on Acropora spp. and c: d) the aggregations of

gastropods within corals.
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Table 3.1 Environmental, coral reefs and microhabitat characteristics of sampling stations. The number of sampling sites, dives and date of
collection at each sampling station were shown.

. Environmental, coral and microhabitat Number of Number of Number of Duration of Date of
Station . . . . . - . .
characteristics sampling sites divers dives diving (one diver) collection
Less wavy and windy, moderately dense Acropora, 16 - 19 Jul
Pulau Redang presence of Pocillopora and Montipora corals, have 5 2 5 30 minutes ¥
2020
boulders, coral rubbles and dense macroalgae layer
Less wavy and windy, low visibility due to high
. water turbidity, dense Acropora and Porites corals, . 23-28
Pulau Perhentian have small boulders, many coral rubbles and 13 2 13 30 minutes October, 2020
macroalgae layer on coral surface
6-7
Pulau Bidong Wavy and rough seas, less dense of Acropora, many 3 ) 3 30 minutes September,
dead corals and small boulders 2020
Wavy and windy, low visibility due to water
turbidity, dense Acropora corals but many dead . 22-23
Pulau Kapas ’ 4 2 4 30 minutes September,
corals, have boulders, coral rubbles and crutose 2020
coralline algae on coral surface
Wavy and rough seas, moderately dense Acropora 27-28
Pulau Yu Besar y & ’ y P 3 2 3 30 minutes September,
corals and have coral rubbles
2020
. Wavy and rough seas, dense Acropora corals, have a . 29-30
Pulau Yu Kecil . ’ ’ 3 2 3 30 minutes September,
thin layer of macroalgae and coral rubbles 2020
Very wavy and high sea currents, low visibility due
Pulau Tenggol to water turbidity, dense Acropora and Porites 5 ) 5 30 minutes 10-13

corals, have coral rubbles and dense macroalgae
layer on coral surface

October, 2020
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The variation in sampling efforts among the islands was influenced by site
accessibility as well as covering various directions from north, east, south and west for
each of the islands. However, some sites cannot be accessed and sampled due to severe
environmental conditions. Assumptions about the occurrence of coral reef gastropods
may have been limited by several factors including inaccessible study areas, the
restricted distribution of gastropods due to coral type preferences and challenges
collecting gastropods in structurally complex habitats (Krebs, 1978). In addition,
several challenges arose during sampling, including rough seas and strong currents
that limited the diving schedule and prevented some sites from being assessed safely.
Although the non-destructive sampling method minimised disturbances to coral reefs,
it required careful handling techniques, which increased the time needed for gastropod
collection. Some gastropods hid in crevices and within substrate layers, making them
difficult to locate without disturbing coral reefs. Poor underwater visibility due to
water turbidity caused misidentification of gastropods during field observation, often

leading to the repeated collection of the same species.

3.2.2 Gastropods identification

To elucidate the external morphology of gastropods, the shells of each
collected specimen were meticulously cleansed to remove extraneous sand and
attached symbionts. Subsequently, the gastropods were identified based on the shape,
colour and ornamentation of the shell with the aid of available literature’s
identification keys and online resources including Abbott & Dance (2000), Wells et
al. (2021) and Hardy’s Internet Guide to Marine Gastropod (2021). The World
Register of Marine Species (WoRMs, 2021) was also used to verify the currently

accepted names of the species at the lowest possible taxonomic level.

3.2.3 Shell metric and biomass

The shell length (mm) was obtained using a digital calliper (0-200 mm) for the

nearest two decimal places. Each gastropod's wet weight (g) was recorded by placing
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it on a piece of pre-weighted aluminium tin foil using an electronic weighing balance
(RADWAG-0.01 g). All gastropods in the aluminium foil were dried in an oven
(BINDER-100 L) at 65°C for five days to determine dry weight. The dried samples
were reweighed on days three, four and five to ensure the consistency of whole-body
dry weight (g). After drying, all gastropods were put in weighted and labelled crucible
jars and transferred to a muffle furnace (CARBOLITE-32 L). The furnace combusted
the gastropods at 450°C for four hours. Afterwards, the gastropods were removed from
the furnace and left to cool. The gastropods were then carefully removed from the
crucible jars, and the shells were gently tapped to remove any ash residue. The ash-
free dry weight (g) of individual snails was recorded using an electronic weighing

balance and the condition index (CI) was calculated as the ratio of:

CI= Dry flesh weight (g)/Dry shell weight (g)

3.2.4 Feeding guilds

The identified gastropods were grouped into specific feeding guilds based on
previous studies, including Saponari et al. (2021); Gautrand et al. (2023) for
corallivorous, Wright et al. (2018); Soekendarsi (2019); Ghatpande et al. (2024) for
carnivorous and Sun & Zhang (2014); Soekendarsi (2019); Zainuddin et al. (2024) for

herbivorous.

The percentage of coral reef gastropod feeding guilds was analysed into two
categories: among islands and within islands. For the among islands category, the total
number of individuals (categorised by feeding guilds) on a given island was divided
by the total number of individuals (categorised by feeding guilds) across all islands.
Meanwhile for the percentage of gastropods feeding guilds within islands, the total
number of individuals (categorised by feeding guilds) on each island was divided by

the total number of individuals (regardless of feeding guilds) across all islands.
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3.3  Data Analysis

3.3.1 Diversity assessment

Previous researchers have used the Paleontological Statistical (PAST) software
to determine ecological indices in gastropod communities in Terengganu (Baharuddin
& Zakaria, 2018; Basir et al., 2022). The present study used PAST software version
3.0 to determine the following ecological indices: Shannon’s Diversity Index,
Simpson’s Diversity Index, Margalef’s Index, Menhinick’s Index, Pioleu’s Evenness

Index and Equitability’s Index.

1) Shannon’s Diversity Index

Shannon diversity index was one of the simplest and commonly used to
measure the alpha diversity of the ecological community in the study area. When the
index value was high, the area was considered to have high species richness. Magurran
(2004) described that Shannon index values range from 0 to 5, where a value below
1.5 indicated low diversity, while values between 4 and 5 showed exceptionally high
diversity. More commonly, the observed value of this index falls between 1.5 to 3.5.

The formula was calculated as follows (Hammer et al., 2001):

H=-Y;_, pilnpi

Where,

H’=Shannon diversity index

s=Number of species represented in the sample

pi=Number of individuals of species ith
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i1) Simpson’s Diversity Index

The Simpson index was often used to measure habitat biodiversity. It
calculated the probability that two individuals of the same species were randomly
selected from an infinitely large population. Simpson diversity index (D) was

calculated as below:

D=1-X(pi)’

Where,

D=Dominance index

pi=Number of individuals of species ith

According to Magurran (2004), Simpson index showed an inverse relationship
with diversity as higher D values corresponded to decreasing diversity values. The
index was heavily weighted towards the most abundant species in the community and

less sensitive to species richness.

1i1) Margalef’s Index
The Margalef index (Ma) provided a measure of species richness within an
ecological community and this concept stated that a higher value of Ma indicated

habitats with greater species richness (Hammer et al., 2001). The formula was

calculated as:

Ma=(s-1)/ Tn N

Where,

s=Number of species represented in the sample
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N=Total number of individuals of all species

iv) Menhinick’s Index

Menhinick index (Me) measured species richness, which indicated the number
of species found within a defined area. The formula was as follows (Hammer et al.,

2001).

Me=s/\N

Where,

s=Number of species represented in the sample

N=Total number of individuals of all species

iv) Pielou’s Evenness Index

Pielou evenness index (J’) also measured the assemblage's uniformity or

evenness. The formula calculated was as follows:

J=H'/H max

Where,

J’=Pielou evenness index

H’=Shannon diversity index

H’max=Natural logarithm of species
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iv) Equitability’s Index

The Equitability index (Ep) measured the equality of species distribution by
assessing the evenness of species abundance within a community. The formula was

calculated as follows:

Ep=H/In (S)

Where,

H’=Shannon diversity index

S=Number of species recorded

As stated above, both indices' values range from 0 to 1, where 0 represented no
equality and 1 represented complete equality. The index value approaching 1 signified
that the individual species were relatively similar, while the index value closer to 0

indicates more variation in species.

Table 3.2 The evenness criteria following Krebs (1972).

E-value Condition of community structures  Category

>0.81 Very equally Very good
0.61-0.80 More equally Good
0.41-0.60 Equally Medium
0.21-0.40 Fairly equally Poor
<0.2 Not equally Very poor

Meanwhile, a rarefaction curve was used to estimate the species richness of a
community based on a given sampling effort, which allowed researchers to compare

species diversity between different study sites.
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3.3.2 Species abundance and distribution

To determine the Species Abundance Distribution (SAD) of coral reef
gastropods, a Rank Abundance Curve (RAC) was plotted using Microsoft Excel based
on abundance of gastropods. To construct the RAC, each species was ranked from
most abundant to least abundant. The partitioning between common, moderate and
rare species was constructed. The rare species typically comprised of singletons and

doubletons (Magurran, 2004).

3.3.3 Shell metric and biomass

A one-way ANOVA was a hypothesis test to compare independent variables
such as shell length and biomass for similar gastropod species between Terengganu
marine protected islands. Analysis was done by using transformed data (logio). All
data was transformed before analysis due to the uneven distribution of data. Post hoc
Tukey was commonly used to identify which pair of means in a set of groups were

significantly different. The statistical difference was set at p<0.05.

3.3.4 Coral reef condition

The percentage of live coral cover was used to categorise the reef condition by
following the ASEAN-Australia Living Coastal Resource Project as ‘excellent’
(>75%), ‘good’ (<75% and >50%), ‘fair’ (<50% and >25%) and ‘poor’ (<25%) (Chou
et al., 1994; Reef Check Malaysia, 2020).
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Table 3.3 Category of coral reefs based on percentage of live coral cover (adapted from
Rizmaadi et al., 2018).

Category Percentage (%)

Bad Poor 0-24.9
Fair 25-49.9
Good Good 50-74.9
Excellent 75-100




CHAPTER 4

RESULTS

4.1 Diversity and distribution of coral reef gastropods

A total of 704 individual coral reef gastropods from nine species were recorded
in Terengganu Marine Protected islands (Table 4.1). The species were Astralium
rhodostomum, Cerithium columna, Cerithium coralium, Coralliophila violacea,
Drupella cornus, Drupella rugosa, Morula spinosa, Arakawania marginalba and
Arakawania ceylonica. The most prevalent species found were D. rugosa and A.

marginalba with a total of 479 and 121 individuals, respectively.

Among the study sites, the highest number of gastropods was recorded at PPH
with 210 individuals, followed by PRD (177) and PBD (111) (Table 4.1). However,
the lowest number of individuals was recorded in PYB with only 26 individuals.
Frequency of Incidence (Fol) refers to the proportion of the sampling location where
a species is found. The Fol of 100 % for both D. rugosa and A. marginalba indicated
that the species were found at all seven study sites. The lowest Fol was recorded by 4.

rhodostomum, C. violacea, C. coralium and C. columna with 14% only.
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Table 4.1 Subclass, family and species of coral reef gastropods in Terengganu marine protected islands. The total number of individuals is shown
(PBD=Pulau Bidong, PKS=Pulau Kapas, PPH=Pulau Perhentian, PRD=Pulau Redang, PTG=Pulau Tenggol, PYB=Pulau Yu Besar and
PYK=Pulau Yu Kecil), (CA=Carnivorous, CO=Corallivorous and HE=Herbivorous), (Fol=Frequency of Incidence) and °-‘indicate none of

gastropods present in area.

i Study sites
Subclass Family Species Feeding Y . T9tal of Rank Fol (%)
mode PBD PKS PPH PRD PTG PYB PYK individuals(n) abundance
Drupella rugosa
(Born, 1778) CoO 97 38 140 112 35 18 39 479 1 100
Arakawania marginalba
(Blainville, 1832) CA 2 14 42 43 4 5 11 121 2 100
Caenogastropoda  Muricidae Morula spinosa
(H. Adams & A.Adams, CA 6 4 23 12 - - 17 62 3 71
1853)
Drupella cornus
(Réding, 1798) CoO 6 - 4 - 8 2 3 23 4 71
Vetigastropoda  Turbinidae i
g p u Astralium rhodostomum HE ) ) ) 10 ) i ) 10 5 14
Lamarck, 1822
Corallfophlla violacea co ) ) ) ) 5 i ) 5 6 14
L. (Kiener, 1836)
Muricidae Arak ) oni
rakawania ceylonica ) ) ) ) )
(Dall, 1923) CA 1 1 2 7 29
Caenogastropoda o )
Cerithium coralium HE ) ) ) ) 1 i ) 1 3 14
(Kiener, 1841)
Ceriithidae Cerithi ;
erithium columna
(G.B.Sowerby I, 1834)  11F - - ! - - - - ! 9 14
Total of individuals (n) 111 56 210 177 53 26 71 704
Total of species 4 3 5 4 5 4 5
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Figure 4.1. Map of species distribution in Terengganu marine protected islands.



45

4.1.1 Systematics and descriptions of coral reef gastropods

Phylum Mollusca

Class Gastropoda Cuvier, 1975

Family Turbinidae Rafinesque, 1815

Genus Astralium Link, 1807

Type species. Astralium rhodostomum (Lamarck, 1822)

Description. Shell has flat-sided whorls with projecting spines along the lower edges.
Colour is white and creamy. Protoconch is eroded but appears whitish. Aperture has a
shiny circular white shape. Ovate operculum with mauve tint and pinkish colour. Base

is flat and glossy operculum is partially eroded.

Distribution. The Turbinidae family is primarily distributed in the Indo-West Pacific
and least found in the Eastern Pacific and Western Atlantic. Astralium rhodostomum

is also recorded in Terengganu, Malaysia (Zainuddin et al., 2024).

Occurrence. Pulau Redang

Feeding mode. Astralium rhodostomum is an herbivorous gastropod that feeds on

algae on the coral surfaces (Meyer et al., 2005).

Figure 4.2 Astralium rhodostomum. SL: 22 mm and scale bar: 10 mm
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Family Cerithiidae J. Fleming, 1822
Genus Cerithium, Bruguiere, 1789
Type species. Cerithium columna G. B. Sowerby I, 1834

Description. Shell is orange-brown with some creamy colour, has a nodulose
sculpture and short siphonal canal. Aperture is dark brown. Crenulated lip curves to

cross the siphonal canal at a 90-degree angle. Operculum is absent during sampling.

Distribution. Cerithium columna is an herbivorous snail species that inhabits seagrass
and grit beds at the intertidal zone and upper subtidal level of the Indo-Pacific region.
Occurrence. Pulau Perhentian

Feeding mode. Cerithium columna is an herbivorous gastropod that feeds on algae

(Sun & Zhang, 2014).

Figure 4.3 Cerithium columna. SL: 21 mm and scale bar: 10 mm.
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Type species. Cerithium coralium Kiener, 1841

Description. Shell has a slender shape with straight-sided whorls. Shell is sculptured
with dark brown spiral line on a brownish-orange body whorl. White patches on body
whorl. Siphonal canal is short and broad. Smooth outer lip has posterior sinuses.

Aperture is fusiform. Operculum is absent during the sampling period.

Distribution. Cerithium coralium is commonly found in the Indo-Pacific region,
including the Philippines, China, Indonesia and Malaysia (Ilias et al., 2021). It

typically inhabits mangrove areas and the upper zone of intertidal areas.

Occurrence. Pulau Tenggol

Feeding mode. Cerithium coralium is an herbivorous gastropod that feeds on algae

(Sun & Zhang, 2014).

Figure 4.4 Cerithium coralium. SL: 45 mm and scale bar: 10 mm.
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Family Muricidae Rafinesque, 1815
Genus Coralliophila H. Adams & A. Adams, 1853
Type species. Coralliophila violacea (Kiener, 1836)

Description. Shell is rounded with outer surfaces encrusted with calcareous algae on
body. Siphonal canal is short. Aperture is bright violet. Body whorl displays fine spiral

lines. Operculum is embedded within the shell.

Distribution. Coralliophila violacea is distributed across the tropical Indo-Pacific
region. It can be found in Southeast Asia countries such as Malaysia, Indonesia and

the Philippines (Baharuddin et al., 2020; Simmonds et al., 2020).
Occurrence. Pulau Tenggol

Feeding mode. Coralliophila violacea is a corallivorous gastropod that feeds on coral,

especially Porites spp. (Gautrand et al., 2023).

Figure 4.5 Coralliophila violacea. SL: 18 mm and scale bar: 10 mm.
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Genus Drupella Rafinesque, 1815
Type species. Drupella cornus (Réding, 1798)

Description. Shell has prominent rows of spiny nodules and numerous smaller pines.
Shell colour is greenish brown with white patches. Surface is rough, depending on the
degree of algae. Operculum is dark brown with a creamy colour near edges. Aperture

is creamy with darker tones near inner edge. Outer lip is smooth.

Distribution. Drupella cornus is commonly distributed in the Indo-Pacific province.
It occurs in the Red Sea (Mbije et al., 2019), Singapore (Samsuri et al., 2018) and
Ningaloo Reef, Australia (Haslam et al., 2025).

Occurrence. Pulau Perhentian, Pulau Tenggol, Pulau Bidong, Pulau Yu Besar and

Pulau Yu Kecil.

Feeding mode. Drupella cornus is a corallivorous gastropod that feeds on coral reefs,

mainly the Acropora and Pocillopora genera (Bessey et al., 2018).

Figure 4.6 Drupella cornus. SL: 44 mm and scale bar: 10 mm
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Type species. Drupella rugosa (Born, 1778)

Description. Shell has a scabrous surface and moderately high spire. Shell is light
greenish with a reddish spot. Body whorl with spiral rows of prominent tubercles
separated by axial rib with fine granules. Aperture is dark reddish with a narrow

opening. Outer lip has six lateral denticles. Operculum is ovulated and dark brown.

Distribution. Drupella rugosa is found in Indo-Pacific waters such as East Africa,
Southeast and Northeast Asia. Drupella rugosa also recorded in Kenya, Western
Australia, Hong Kong, the Red Sea, India, Thailand and Malaysia (Baharuddin et al.,
2017; Saponari et al., 2021).

Occurrence. Pulau Redang, Pulau Perhentian, Pulau Tenggol, Pulau Kapas, Pulau

Bidong, Pulau Yu Besar and Pulau Yu Kecil.

Feeding mode. Drupella rugosa is a corallivorous gastropod that feeds on corals,

mainly Acropora spp. (Sam et al., 2017).

Figure 4.7 Drupella rugosa. SL: 29 mm and scale bar: 10 mm
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Genus Morula Schumacher, 1817
Type species. Morula spinosa (H. Adams & A. Adams, 1853)

Description. Shell has an oval shape with a pointed apex. It has several spines along
the edges. Colour is reddish-orange with cream patches. Aperture is elongated and

narrow with a deep blue interior. Operculum is oval but embedded inside the shell.

Distribution. Morula spinosa is typically found in the Indo-Pacific: East Africa,
Southeast and Northeast Asia. Morula spinosa is distributed in the Philippines, Japan
and Korea. It also occurs in Terengganu, Malaysia (Baharuddin et al., 2020; Zainuddin

et al., 2024).

Occurrence. Pulau Redang, Pulau Perhentian, Pulau Kapas, Pulau Bidong, Pulau Yu

Besar and Pulau Yu Kecil.

Feeding mode. Morula spinosa is a carnivorous gastropod that also feeds on corals

and small gastropods (Zainuddin et al., 2024).

Figure 4.8 Morula spinosa. SL: 14 mm and scale bar: 10 mm.
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Genus Arakawania Ponting, 2024

Type species. Arakawania marginalba (Blainville, 1832)

Note. Formerly known as Tenguella marginalba, however the species name was

recently updated to Arakawania marginalba on 14 October 2024 by Philippe Bouchet.

Description. Shell is conical and fusiform with a creamy pointed apex. Shell has dark
purple rows on light brown body whorl. Aperture is ovate, bright reddish-pink and has

narrow opening. Operculum is dark tone. Outer lip is curved with eight white denticles.

Distribution. This species is a murex snail distributed around the north-east coast of
Australia, the Philippines and Malaysia (Baharuddin et al., 2019). It is commonly

found at the edge of the pools, crevices and low shore habitats.

Occurrence. Pulau Redang, Pulau Perhentian, Pulau Tenggol, Pulau Kapas and Pulau

Yu Kecil.

Feeding mode. The species is a carnivorous gastropod that feeds on barnacles, limpets

and oysters (Wright et al., 2018).

Figure 4.9 Arakawania marginalba. SL: 19 mm and scale bar: 10 mm.
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Type species. Arakawania ceylonica (Dall, 1923)

Note. Formerly known as Tenguella ceylonica, however the species name was recently

updated to Arakawania ceylonica on 14 October 2024 by Philippe Bouchet.

Description. Shell is encrusted with light green calcareous deposits with reddish-pink

spots. Aperture is ovate and dark brown. Operculum is brown.

Distribution. This species is usually distributed in countries such as India and the
Philippines (Houart et al., 2017). In Terengganu, the species can also be found in two

marine park islands.

Occurrence. Pulau Yu Besar and Pulau Yu Kecil

Feeding mode. The species is a carnivorous gastropod that feeds on molluscs,

barnacles and other varieties of prey (Ghatpande et al., 2024).

Figure 4.10 Arakawania ceylonica. SL: 74 mm and scale bar: 10 mm
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4.2 Diversity, distribution and abundance among islands

4.2.1 Diversity assessment

Table 4.2 showed the values of diversity indices in Terengganu marine
protected islands. Shannon diversity index (H’) was lowest in Pulau Bidong (0.506)
and the highest in Pulau Yu Kecil (1.154). Simpson diversity index (D) indicated a
low diversity index value in which Pulau Bidong obtained the lowest (0.230) while
Pulau Yu Kecil had the highest value with 0.615 (Table 4.2). Margalef and Menhinick
indices showed variation scores that indicated species richness in Terengganu marine
protected islands. The lowest and highest values for the Margalef index were in Pulau
Kapas (Ma=0.497) and Pulau Yu Kecil (Ma=1.007). Pulau Redang and Pulau Yu Kecil
obtained the lowest and highest values for the Menhinick index with Me=0.301 and
Me=0.785, respectively (Table 4.2). The evenness (J’) and equitability (Ep) also
indicate low homogeneity and pattern distribution of species, where Pulau Bidong had
the lowest with J’=0.365 and Ep=0.415 while the highest value of homogeneity in
Pulau Kapas (J’=0.741) and (Ep=0.727), respectively (Table 4.2).

Table 4.2 The diversity assessment varied in Pulau Bidong (PBD), Pulau Kapas (PKS),
Pulau Perhentian (PPH), Pulau Redang (PRD), Pulau Tenggol (PTG), Pulau Yu Besar
(PYB) and Pulau Yu Kecil (PYK). (4 =Shannon diversity index, D=Simpson diversity
index, Ma=Margalef index, Me=Menhinick index, J’=Evenness index and
Ep=Equitability index).

Study sites H' D Ma Me J' Ep
PBD 0.506  0.230 0.637 0.380 0.365 0.415
PKS 0.798 0472 0.497 0.401 0.741 0.727
PPH 0.935 0.497 0.748 0.345 0.510 0.581
PRD 0.978 0.533 0.580 0.301 0.665 0.706
PTG 1.052 0.526 0.938 0.687 0.573 0.654
PYB 0.894 0.476 0.921 0.593 0.645 0.611

PYK 1.154 0.615 1.007 0.785 0.717 0.634
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4.2.2 Diversity comparison

Based on the rarefaction curve, Pulau Tenggol, Pulau Yu Besar and Pulau Yu
Kecil gradually increased species richness during early sampling (Figure 4.11). The
curves of these three islands did not reach an asymptote, indicating insufficient data
due to the low sampling area coverage. The curve might reach equilibrium as the
species of gastropods increases if the sampling continues and more areas are covered
(Jurkiewicz-Karnkowska, 2009). However, Pulau Redang, Pulau Kapas and Pulau
Bidong showed an asymptote, indicating that nearly all the available species had been
found. Pulau Perhentian was experiencing rapid increases in reaching an asymptote

level.

Number of species

o T T T T T T T T
25 50 75 100 125 152 175 200

Number of individuals

Figure 4.11 Rarefaction curve comparing species diversity between study sites.
A=Pulau Redang; B=Pulau Perhentian; C=Pulau Kapas; D=Pulau Tenggol; E=Pulau
Bidong; F=Pulau Yu Besar and G=Pulau Yu Kecil.



56

4.2.3 Species abundance and distribution

Figure 4.12 showed the species abundance distribution of coral reef gastropods
sampled in each island of this study. The most abundant species was D. rugosa for
each island (Figure 4.12). Arakawania marginalba was the second most dominant
species in Pulau Perhentian, Pulau Redang and Pulau Kapas, followed by M. spinosa.
Drupella rugosa was categorised as a common species. Meanwhile, 4. ceylonica, C.
coralium and C. columna were classified as rare species comprising singletons and

doubletons. Species not categorised as dominant or rare were considered intermediate

species.
160 4
- Pulau Redang
D. rugosa —— Pulau Perhentian
1401 --® - -Pulau Tenggol
Pulau Bidong
120 4 D. rugosa —@- - Pulau Yu Besar
' --3- Pulau Kapas
1004 b rugt)sl;-"v___. Pulau Yu Kecil

80

D. rugosa
40 4 D. rugosaj .,

Abundance (Number of individuals)

. .‘-
D. rugosa "~ "+

20 4

Species rank

Figure 4.12 Rank abundance curve of gastropods collected at coral reefs in Terengganu
marine protected islands, where abundance is plotted against species rank from most
to least abundant.
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4.3 Diversity, distribution and abundance within islands

4.3.1 Pulau Bidong

Table 4.3 showed the presence of 111 individuals of four gastropod species at
study sites in Pulau Bidong. The species were D. rugosa, D. cornus, M. spinosa and
A. marginalba. Drupella rugosa had the most individuals (97). Meanwhile, both D.
cornus and M. spinosa had six individuals. In addition, 4. marginalba contributed the
smallest number as only two individuals were found in PPC. PPC recorded the highest
number with three species and 65 individuals compared to PPK (one species and 40
individuals) and DLT (one species and six individuals), respectively. Among these
three sites, D. rugosa recorded the most abundant individuals with 57 in PPC and 40
in PPK. The Fol for D. rugosa was 67% as the species occurred at two sites on Pulau
Bidong. Drupella cornus, Morula spinosa and Arakawania marginalba were only

found in one site and contributed 33 % of Fol.
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Table 4.3 Abundance of coral reef gastropods in Pulau Bidong according to subclass, family and species between study sites. The total number of
individuals and Frequency of Incidence are shown (DLT=Dinding Laut, PPK=Pantai Pasir Pengkalan and PPC=Pantai Pasir Cina). n=total no of
individual, Fol=Frequency of Incidence and - =none of gastropod present.

Study sites Total of
. . N o
Subclass Family Species DLT PPK PPC 1nd1\(r:1(;uals Fol(%)
Morula spinosa - - 6 6 33
. D Il - -

Caenogastropoda Muricidae rupeta C.O s , 6 6 33
Arakawania marginalba - - 2 2 33

Drupella rugosa - 40 57 97 67

Total of individuals 6 40 65 111

Total species 1 1 3 5
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Figure 4.13 Coral reef gastropods of Muricidae in Pulau Bidong. a) Morula spinosa;
b) Arakawania marginalba; c) Drupella rugosa; d) Drupella cornus. All specimens
were photographed in apertural (left) and abapertural (right) views. Scale bar: 10 mm.

In Pulau Bidong, the higher values of the Shannon and Simpson indices were
found in PPC with H’=0.442 and D=0.222 (Table 4.4). The lowest values for both
diversity indices were recorded in DLT and PPK with zero. The zero value indicated
no diversity in DLT and PPK as only one species could be found. For the Menhinick
index, DLT contributed a higher value with Me=0.408. Meanwhile, PPC gave a greater
value for the Margalef index, Ma=0.479 (Table 4.4). The Evenness Index (J”) recorded
variation in values with the highest values recorded in DLT and PPK. In contrast, the
lowest value was recorded at PPC with J’=0.519. The Equitability Index was only
recorded at PPC with Ep=0.403.

Table 4.4 The diversity assessment of coral reef gastropods in Pulau Bidong
(DLT=Dinding Laut, PPK=Pantai Pasir Pengkalan and PPC=Pantai Pasir Cina) and
(H’=Shannon’s diversity index, D=Simpson’s diversity index, Me=Menhinick index,
Ma=Margalef index, J’=Evenness index and Ep=Equitability index).

Study g Me Ma J Ep
sites

DLT 0 0 0.408 0 1 ]
PPK 0 0 0.158 0 1 .

PPC 0.442 0.222 0.372 0479 0519 0.403
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4.3.2 Pulau Kapas

Table 4.5 showed that 56 gastropod individuals of Muricidae were collected in
Pulau Kapas. The species were D. rugosa, M. spinosa and A. marginalba (Figure 4.14).
Drupella rugosa was the most common species found with 38 individuals, followed
by A. marginalba (14 individuals) and M. spinosa (four individuals). Drupella rugosa
recorded the highest and lowest number of individuals in ST and TJ with 34 and one,
respectively. The greatest number of gastropods at Pulau Kapas was located in ST with
44 and fewer in KT and TJ with five and seven individuals, respectively. Although
only a few gastropod individuals were found, TJ still recorded the highest number of

species compared to KT and ST. None of the gastropods were documented in SR.

For Frequency of Incidence, D. rugosa and A. marginalba had the highest Fol
with 75% as they were found at nearly all study sites in Pulau Kapas except SR. Morula

spinosa contributed the least percentage of Fol (25%) as it was only found in TJ.
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Table 4.5Abundance of coral reef gastropods in Pulau Kapas according to subclass, family and species between study sites. The total number of
individuals and Frequency of Incidence are shown (TJ=Teluk Jawa, KT=Kapas Tengah, ST=Southern Tip and SR=Silent Reef). n=total no of
individuals, Fol=Frequency of Incidence and - =none of gastropod present.

Study sites Total of
Subclass Family Species individuals Fol(%)
TJ KT ST SR (n)
Drupella rugosa 1 3 34 - 38 75
Caenogastropoda Muricidae Morula spinosa 4 - - - 4 25
Arakawania marginalba 2 2 10 3 14 75
Total of individuals 7 5 44 - 56

Total species 3 2 2 - 3
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Figure 4.14 Coral reef gastropods of Muricidae in Pulau Kapas. a) Morula spinosa; b)
Arakawania marginalba; c) Drupella rugosa. All specimens were photographed in
apertural (left) and abapertural (right) views. Scale bar: 10 mm.

Based on the diversity indices values in Table 4.6, the highest Shannon
diversity value was obtained from TJ with /7’=0.956 while the lowest value was at ST
(H'=0.536) for Pulau Kapas. Furthermore, the same pattern was also recorded for
Simpson Index (D) with TJ having the largest value, D=0.571, compared to ST with
only 0.350. Menhinick Index (Me) and Margalef Index (Ma) were the abundances of
species per unit area in each site. Comparing both richness indices, TJ indicated greater
values (Me=1.134 and Ma=1.028) than the other sites. In contrast, the values obtained
for the Evenness and Equitability indices were higher in KT (J°=0.980) and
(Ep=0.971).

Table 4.6 The diversity assessment of coral reef gastropods in Pulau Kapas (TJ=Teluk
Jawa, KT=Kapas Tengah and ST=Southern Tip) and (/4 ’=Shannon’s diversity index,
D=Simpson’s diversity index, Me=Menhinick index, Ma=Margalef index,
J’=Evenness index and Ep=Equitability index).
Study
sites
TJ 0.956 0.571 1.134  1.028 0.867 0.870
KT 0.673 0.480 0.894 0.621 0980 0.971
ST 0.536. 0350 0.302 0.264 0.855 0.773

H' D Me  Ma J Ep
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4.3.6 Pulau Yu Besar

The result indicated that 26 individuals of four species were discovered in
Pulau Yu Besar. The species found were D. cornus, D. rugosa, A. ceylonica and A.
marginalba (Figure 4.21). Drupella rugosa had the largest number, with 18
individuals recorded. The total number of individuals for 4. marginalba and D. cornus

were five and two, respectively.

The gastropods were predominantly found in S1, followed by S2 with no
gastropods in S3. S1 and S2 recorded 18 and eight individuals of coral reef gastropods
as D. rugosa contributed the most frequent species (14 individuals) and (four
individuals) for both sites. Meanwhile, A. ceylonica had only one individual observed
in S1. In addition, D. cornus, D. rugosa and A. marginalba scored the highest value of
Fol with 67% (Table 4.13). The three species were discovered at two out of three sites,
while A. ceylonica was only found in S1 with 33% of Fol.
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Table 4.13 Abundance of coral reef gastropods in Pulau Yu Besar according to
subclass, family and species between study sites. The total number of individuals and
Frequency of Incidence are shown (S1=Site 1, S2=Site 2 and S3=Site 3). n=total no of
individuals, Fol=Frequency of Incidence and - =none of gastropod present.

Study sites Total of

Subclass Family  Species individuals (’%
S1 S2 S3 (n)
Drupella
cornus 1 1 - 2 67
Drupella
Caenogastropoda Muricidae rugosa _ 14 4 - 18 67
Arakawania
ceylonica 1 - - 1 33
Arakawania
marginalba 2 3 - 5 67

Total of individuals 18 8 - 26

Total species 4 3 - 4
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Figure 4.21 Coral reef gastropods of Muricidae in Pulau Yu Besar. a) Drupella cornus;
b) Arakawania marginalba; c) Drupella rugosa; d) Arakawania ceylonica. All
specimens were photographed in apertural (left) and abapertural (right) views. Scale
bar: 10 mm.

Table 4.14 showed that the highest Shannon and Simpson diversity values were
recorded in S2 (H’=0.974) and (D=0.594), while S1 contributed with (H'=0.761) and
(D=0.377). The species richness of gastropods showed variation scores in S2
(Me=1.061, Ma=0.962) and S1 (Me=0.943, Ma=1.038) (Table 4.14). In addition, the
results showed that the Evenness and Equitability indices were greater in S2, with
J’=0.883 and Ep=0.887. In contrast, S1 recorded lower values with J’=0.535 and
Ep=0.549.

Table 4.14 The diversity assessment of gastropods in Pulau Yu Besar (S1=Site 1 and
S2=Site 2) and (H'=Shannon’s diversity index, D=Simpson’s diversity index,
Me=Menhinick index, Ma=Margalef index, J’=Evenness index and Ep=Equitability
index).

Study o
sites

S1 0.761 0.377 0.943 1.038  0.535 0.549
S2 0974 0.594 1.061 0962 0.883  0.887

D Me Ma J' Ep




66

4.3.3 Pulau Perhentian

Five species of gastropods from Muricidae and Cerithiidae were found at 11
sites in Pulau Perhentian (Table 4.7). The coral reef gastropod species in Pulau
Perhentian were D. cornus, D. rugosa, M. spinosa and A. marginalba (Figure 4.15).
The other species included C. columna also found on the island (Figure 4.16). Apart
from that, D. rugosa recorded the highest abundance with 140 individuals, followed
by A. marginalba (42), M. spinosa (23) and D. cornus (four), respectively. Cerithium
columna was found with one individual only compared to the other four species. No

gastropods were found and recorded in TGG and CBY.

PR1 and PSB had higher species richness with four, while TPH had the lowest
number with a single species. Although only three species were found at each site,
PR2, SHP and TBS had the highest number of gastropod individuals with 77, 35 and
23, respectively. The other locations such as TPH, TTG, DLG, SBL and PSB, had
almost similar patterns as the number of species was not less than ten individuals. PRN
and BNS contributed the lowest number with only seven and six individuals at both

sites.

The Fol of D. rugosa and A. marginalba were higher at 85% and 77% than
those of the other species. The results indicated that D. rugosa and A. marginalba were
almost distributed at all sites except TGG, TPH and CBY. Morula spinosa had 62%
Fol as this species was still present at eight sites out of 13. Cerithium columna had the

lowest (Fol=8%) because the species could be found only in PR1.
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Table 4.7 Abundance of coral reef gastropods in Pulau Perhentian according to subclass, family and species between study sites. The total number
of individuals and Frequency of Incidence are shown (TGG=Tanjung Genting, TPH= Teluk Pauh, PRN=Pulau Rawa North, PR1=Pulau Rawa
South 1, TTG=Terumbu Tiga, SHP=Shark Point, TBS=Tanjung Basi, DLG=D’Lagoon, SBL=Seabell, BNS=Batu Nisam, CBY=Coral Bay,
PR2=Pulau Rawa South 2 and PSB=Pinang Seribu). n=total no of individuals, Fol=Frequency of Incidence and - =none of gastropods present.

Study sites

Total of
. . . e . Fol
Subclass Family Species individuals o
TGG TPH PRN PR1 TTG SHP TBS DLG SBL BNS CBY PR2 PSB (n) (%)
Cerithiidae  Cerithium columna - - - 1 - - - - - - - - - 1 8
Drupella cornus - - 2 1 - - - - - - - - 1 4 23
Caenogastropoda . Drupella rugosa - 10 3 13 7 18 13 7 5 3 - 52 9 140 85
Muricidae
Morula spinosa - - 1 - - 6 6 2 1 2 - 2 23 62
Arakawania marginalba - - 1 4 5 7 9 1 - 2 42 77
Total of individuals - 10 7 19 12 27 23 16 15 6 - 61 14 210
Total of species - 1 2 4 2 3 3 3 3 3 - 3 4 5
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Figure 4.15 Coral reef gastropods of Muricidae in Pulau Perhentian. a) Morula
spinosa; b) Arakawania marginalba; c) Drupella rugosa; d) Drupella cornus. All
specimens were photographed in apertural (left) and abapertural (right) views. Scale
bar: 10 mm.

Figure 4.16 Coral reef gastropod of Cerithiidae in Pulau Perhentian; a) Cerithium
columna. The specimen was photographed in apertural (left) and abapertural (right)
views. Scale bar: 10 mm.
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Table 4.8 showed the diversity values obtained at Pulau Perhentian. The site
with the highest Shannon and Simpson Index values was found in PRN (4 =1.277 and
D=0.694). TPH obtained a zero value for both indices as only one species could be
found in the area. PRN gave high values for Margalef and Menhinick indices with
(Me=1.512) and (Ma=1.542), reflecting a higher number of species recorded compared
to the other sites in Pulau Perhentian (Table 4.8). TPH had the highest contribution
with a value of Ep=1, while no value of J’ was recorded in TPH. Considering that
Evenness (J) and Equitability (Ep) indices have similar patterns for other sites with

values lower than 1.

Table 4.8 The diversity assessment of coral reef gastropods in Pulau Perhentian
(TPH=Teluk Pauh, PRN=Pulau Rawa North, PR1=Pulau Rawa South 1,
TTG=Terumbu Tiga, SHP=Shark Point, TBS=Tanjung Basi, DLG=D’ Lagoon,
SBL=Seabell, BNS=Batu Nisam, PR2=Pulau Rawa South 2 and PSB=Pinang Seribu)
and (H’=Shannon’s diversity index, D=Simpson’s diversity index, Me=Menhinick
index, Ma=Margalef index, J’=Evenness index and Ep=Equitability index).

Study D Me Ma P Ep
sites
TPH 0 0 0 0 - 1

PRN 1.277 0.694 1.512 1.542 0.921 0.897
PR1 0.898 0.482 0.918 1.019 0.648 0.613
TTG 0.679 0.486 0.577 0.402 0.980 0.986
SHP 0.849 0.494 0.570 0.607 0.779 0.773
TBS 0.977 0.582 0.626 0.638 0.890 0.886
DLG 0.983 0.602 0.750 0.721 0.895 0.891
SBL 0.853 0.524 0.775 0.739 0.777 0.782
BNS 1.011 0.611 1.225 1.116 0.921 0.917
PR2 0.435 0.213 0.342 0.460 0.396 0.515
PSB 1.029 0.541 1.069 1.137 0.742 0.699
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4.3.4 Pulau Redang

The three species of gastropods from Muricidae (Figure 4.17) and one species
from Turbinidae (Figure 4.18) were found in Pulau Redang. A total of 177 individuals
were recorded in all sites. The number of gastropods was highest at TK with 94
individuals from three species, followed by KB (51 individuals and three species)
(Table 4.9). PL had the fewest gastropods with 32 individuals. Although most species
were still present in PL, it recorded the lowest number of individuals compared to KB

and TK. No gastropods were found in CH and MC.

Among four gastropod species, D. rugosa was the most abundant with a total
of 112 individuals recorded; 57 in TK, 41 in KB, and 14 in PL. Arakawania
marginalba was the second most abundant with 43 individuals, which 31 were found
in TK, nine in KB and three in PL. Morula spinosa recorded 12 individuals with six in
TK, one in KB and five in PL. The Fol was 60% for D. rugosa, M. spinosa and A.
marginalba. Astralium rhodostomum had the lowest number with ten individuals

found in PL and only contributed 20% of Fol.
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Table 4.9 Abundance of coral reef gastropods in Pulau Redang according to subclass, family and species between study sites. The total number of
individuals and Frequency of Incidence are shown (KB=Kerengga Besar, PL=Pulau Lima, TK=Terumbu Kili, CH=Chagar Hutang and MC=Mak
Cantik). n=total no of individuals, Fol=Frequency of Incidence and - =none of gastropod present.

Study sites Total of
I Famil . c e . °
Subclass amily Species KB PL TK CH MC 1nd1\(7111(;uals Fol (%)

Vetigastropoda  Turbinidae Astralium rhodostomum - 10 - - - 10 20
Drupella rugosa 41 14 57 - - 112 60

Caenogastropoda Muricidae  Morula spinosa 1 5 6 - - 12 60
Arakawania marginalba 9 3 31 - - 43 60

Total of individuals 51 32 94 - - 177
Total species 3 4 3 - - 4
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Figure 4.17 Coral reef gastropods from Muricidae in Pulau Redang. a) Morula spinosa;
b) Arakawania marginalba; c) Drupella rugosa. All specimens were photographed in
apertural (left) and abapertural (right) views. Scale bar: 10 mm.

Figure 4.18 Coral reef gastropods of Turbinidae in Pulau Redang. a) Astralium
rhodostomum. The specimen was photographed in apertural (left) and abapertural
(right) views. Scale bar: 10 mm.
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Table 4.10 showed diversity indices of gastropods from sites of Pulau Redang.
PL scored higher values for both the Shannon index and Simpson index compared to
KB and TK, with 1.237 and 0.680 (Table 4.10). In addition, the Menhinick and
Margalef Index value of Pulau Lima also indicated higher than KB and TK values with
Me=0.707 and Ma=0.866. Moreover, the Evenness and Equitability indices of PL
followed the same trend as both values were higher than those of other sites in Pulau

Redang, with J’=0.861 and Ep=0.892 (Table 4.10).

Table 4.10 The diversity assessment of coral reef gastropods in Pulau Redang
(KB=Kerengga Besar, PL=Pulau Lima and TK=Terumbu Kili) and (H =Shannon’s
diversity index, D=Simpson’s diversity index, Me=Menhinick index, Ma=Margalef
index, J’=Evenness index and Ep=Equitability index).
Study D Me  Ma J Ep
sites
KB 0.724 0.372 0.509 0.687 0.413 0.450
PL 1.237 0.680 0.707 0.866 0.861  0.892
TK  0.845 0.520 0309 0440 0.776  0.769
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4.3.5 Pulau Tenggol

A total of 53 individuals representing five species of Muricidae (Figure 4.19)
and Cerithiidae (Figure 4.20) were recorded in Pulau Tenggol. Table 4.11 indicated
that LW contributed the most abundant gastropods with 28 individuals. Meanwhile,
TR and RJ had the fewest with only two. The number of recorded species varied in
each sampling site with LW contributed the highest species richness (four), followed

by SN and TP. Only one species of gastropod was recorded in both TR and RJ.

Drupella rugosa recorded more gastropods with 35 individuals. The other
species such as A. marginalba, C. violacea and D. cornus were recorded with four,
five and eight individuals, respectively. The least species, C. coralium was recorded
with only one individual found in Pulau Tenggol. Fol for D. rugosa was the highest
with 80%, followed by 40% for C. violacea and D. cornus. Lastly, C. coralium and A.

marginalba showed the lowest value with only 20%.
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Table 4.11 Abundance of coral reef gastropods in Pulau Tenggol according to subclass, family and species between study sites. The total number
of individuals and Frequency of Incidence are shown (TP =Turtle Point, TR=Teluk Rajawali, RJ= Rajawali, SN= Sri Nakhota and LW=Lost
World). n=total no of individuals, Fol=Frequency of Incidence and - =none of gastropod present.

Study sites LGET0IT
Subclass Family Species Y individuals  Fol (%)

TP TR RJ SN LW (n)
Drupella rugosa 2 - 2 16 15 35 80
Muricidae Arakawania marginalba - - - - 4 4 20
Caenogastropoda Coralliophila violacea - 2 - - 3 5 40
Drupella cornus 2 - - - 6 8 40
Cerithiidae  Cerithium coralium - - - 1 - 1 20

Total of individuals 4 2 2 17 28 53

Total species 2 1 1 2 4 5
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Figure 4.19 Coral reef gastropods of Muricidae in Pulau Tenggol. a) Coralliophila
violacea; b) Arakawania marginalba; c) Drupella rugosa; d) Drupella cornus. All
specimens were photographed in apertural (left) and abapertural views (right). Scale
bar: 10 mm.

Figure 4.20 Coral reef gastropod of Cerithiidae in Pulau Tenggol. a) Cerithium
coralium. The specimen was photographed in apertural and abapertural views. Scale
bar: 10 mm.
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Table 4.12 showed that the gastropods from LW had higher diversity as the
Shannon and Simpson values (H'=1.182, D=0.635) were higher than other sites in
Pulau Tenggol. TR and RJ displayed zero values for the Shannon and Simpson indices
as only one species was present in both TP and LW (Table 4.12). The species richness
values were generally higher in TP (Me=1 and Ma=0.721) and LW (Me=0.756 and
Ma=0.900). However, for Margalef index values, both TR and RJ contributed zero,
meaning that a low number of species was present in the community. The Evenness
(J°) and Equitability (Ep) values varied across the sites in Pulau Tenggol. An almost
complete homogeneity of gastropod species was observed at TP, TR and RJ as the

Evenness value (J’) for each site reached one (Table 4.12).

Table 4.12 The diversity assessment of coral reef gastropods in Pulau Tenggol
(TP=Turtle Point, TR=Teluk Rajawali, RI=Rajawali, SN=Sri Nakhota and LW=Lost
World) and (H’=Shannon’s diversity index, D=Simpson’s diversity index,
Me=Menhinick index, Ma=Margalef index, J’=Evenness index and Ep=Equitability
index).

Study -, D Me Ma J Ep
sites
TP 0693  0.500 1 0.721 1 1
TR 0 0 0.707 0 1 -
RJ 0 0 0.707 0 1 .

SN 0.349 0.198 0.471 0.346 0.709  0.503
LW 1.182 0.635 0.756 0.900 0.815  0.853
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4.3.7 Pulau Yu Kecil

Five species from Muricidae were found in Pulau Yu Kecil; D. cornus, D.
rugosa, M. spinosa, A. ceylonica and A. marginalba. Drupella rugosa was the most
abundant species with 39 individuals. Additionally, M. spinosa and A. marginalba
were represented by 17 and 11 individuals, respectively. Meanwhile, only three
individuals of D. cornus and one individual of A. ceylonica were recorded (Table
4.15). Among the sampling sites, S3 contributed the highest number of individuals
(40), followed by S1 with 18 and S2 with 13.

Both D. cornus and M. spinosa contributed for 67% of Fol as these species
were present at two out of the three sampling sites. The other species such as D. rugosa,
A. ceylonica and A. marginalba represented only 33% of Fol as each was recorded at

a single site in Pulau Yu Kecil (Table 4.15).

Table 4.15 Abundance of coral reef gastropods in Pulau Yu Kecil according to
subclass, family and species between study sites. The total number of individuals and
Frequency of Incidence (Fol) are also shown (S1=Site 1, S2=Site 2 and S3=Site 3).

n=total no of individuals, Fol=Frequency of Incidence and - = none of gastropod
present.
AIES Total of
Subclass Family Species s1 2 S3 individuals Fol (%)
(n)
Drupella cornus 2 - 1 3 67
Drupella rugosa - - 39 39 33
o Morula spinosa 15 2 - 17 67
Caenogastropoda  Muricidae 4,qkawania
ceylonica 1 - - 1 33
Arakawania
marginalba - 11 - 11 33
Total of individuals 18 13 40 71

Total species 3 3 2 5
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Figure 4.22 Coral reef gastropods from Muricidae in Pulau Yu Kecil. a) Morula
spinosa; b) Arakawania marginalba; c) Drupella rugosa; d) Drupella cornus; €)
Arakawania ceylonica. All specimens were photographed in apertural (left) and
abapertural (right) views. Scale bar: 10 mm.

Table 4.16 presented the variation in gastropod diversity across Pulau Yu
Kecil. The highest Shannon (H’) and Simpson (D) values were recorded at S1
(H=0.557, D=0.290), while the lowest values were observed at S3 (H'=0.117,
D=0.049). The Menhinck (Me) and Margalef (Ma) indices also varied among the sites,
with S1 showing the highest values (Me=0.707, Ma=0.692) compared to the other sites
(Table 4.16). Meanwhile, S3 still recorded the lowest values for both indices
(Me=0.316, Ma=0.271). However, the highest values for Evenness (J’) and
Equitability (Ep) were recorded at S2 with J’=0.768 and Ep=0.619, respectively. In
contrast, Site 3 contributed the lowest value for both indices with J’=0.562 and

Ep=0.169 (Table 4.16).

Table 4.16 The diversity assessment of gastropods in Pulau Yu Kecil (S1=Site 1,

S2=Site 2 and S3=Site 3) and (4 '=Shannon’s diversity index, D=Simpson’s diversity

index, Me=Menhinick index, Ma=Margalef index, J’=Evenness index and
Ep=Equitability index).

Study

sites

S1 0.557 0.290 0.707 0.692  0.582 0.507

S2 0.429 0.260 0.555 0.399  0.768 0.619

S3 0.117 0.049 0.316 0.271  0.562 0.169

H' D Me Ma J' Ep
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4.4 Shell metric and biomass among islands

Table 4.17 presented the variation in shell length (mm), dry weight (g) and
condition index for each gastropod species recorded in the marine protected islands of
Terengganu. The result indicated the significant differences (p<0.05) between shell
lengths of the same species among islands at a 95% confidence interval. Post-hoc
Tukey analysis revealed that DRG and AMG from PTG exhibited the longest shell
length with 31.55 + 3.27 mm and 29.87 £ 5.34 mm, respectively. In contrast, the
shortest shell length for DRG and AMG were found at PPH and PRD with 25.40 £ 2.23
mm and 16.77 £ 6.34 mm. MRS from PYK and PKS exhibited the highest value of
shell length with 25.17 £ 2.96 mm and 20.54 + 2.23 mm. Meanwhile, the shortest shell
of MRS was found in PRD with only 15.15 + 4.14 mm. Drupella cornus (DCR) from
PBD recorded the largest value of shell length with 40.72 + 2.33 mm, whereas the
smallest value of shell length was recorded at PPH with 20.55 + 10.23 mm.
Arakawania ceylonica (ACY) from PYK showed the greatest shell length with 74.39
mm compared to ACY from PYB (43.41 mm). However, the other gastropods recorded
in Terengganu marine protected islands exhibited the following shell length: ARD
(9.23 £ 6.14 mm), CVL (22.80 = 6.18 mm), CCR (44.70 mm) and CCL (21.29 mm).

A similar trend was also observed in dry weight where one-way ANOVA
revealed a significant difference (p<0.05) among gastropod species at a 95%
confidence interval. Nevertheless, the dry weights of DRG and AMG from PTG were
higher than those from other islands with values 0f4.97 £1.76 gand 2.19 + 0.49 g. In
contrast, the lightest dry weight for DRG and AMG were found in PPH and PRD with
2.74 £ 0.71 g and 1.08 + 1.05 g, respectively. For MRS, the individuals from PYK
contributed the heaviest dry weight (2.74 £ 0.91 g), while the lightest was recorded in
PRD with 0.93 £ 0.56 g. In comparing the dry weight of DCR across the islands, the
highest value was observed in PBD (13.84 +4.23 g), whereas PPH indicated the lowest
with 2.65 + 2.49 g. The individual of ACY from PYK contributed the highest dry
weight value with 61.85 g compared to the individual recorded in PYB. The dry
weights for other gastropod species such as ARD, CVL, CCR and CCL were 9.23 +
6.14 g,4.79+3.06 g, 10.28 gand 1.29 g.
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There were no significant differences (p>0.05) for the condition index of
almost all species at a 95% confidence interval. The condition index (CI) for DRG,
MRS and DCR showed relatively similar patterns across the islands. However, a
significant difference (p<0.05) was observed for AMG as the individuals from PPH
recorded the highest C/ value with 1.14 £ 0.16 and the lowest was found in PTG (0.96
+ 0.25). In addition, ACY individuals from PYB and PYK showed similar values with
1.07. The condition index for ARD, CVL, CCR and CCL were 1.10+0.06, 1.73 + 1.44,
1.04 and 1.09, respectively.
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Table 4.17 Shell length (mm), dry weight (g) and condition index of coral reef gastropods in Terengganu marine protected islands. PPH=Pulau Perhentian,
PRD=Pulau Redang, PKS=Pulau Kapas, PTG=Pulau Tenggol, PYB=Pulau Yu Besar, PYK=Pulau Yu Kecil, PBD=Pulau Bidong; DRG=Drupella rugosa,
AMG=Arakawania marginalba, MRS=Morula spinosa, DCR=Drupella cornus, ARD=Astralium rhodostomum, CVL=Coralliophila violacea, ACY=Arakawania
ceylonica, CCR=Cerithium coralium and CCL=Cerithium columna, (n)=total number of individuals and - =none of the gastropods present.

. . Study sites .
Metrics Species p-value sites
PPH PRD PKS PTG PYB PYK PBD
DRG 25404223 28004225  2593+£193 31.55+£3.27 2940+£206 28.06+223 2655246 F=38.63, p=9.19E-38 (<0.05)
(140) (81) (38) (35) (18) (39) 97) PPH<PKS<PBD<PRD<PYK<PYB<PTG
G 2070£488 16774634 23794597 29874534 21.66+8.93 2679190 17.28+1.10 F=5.83, p=2.46E-05 (<0.05)
(42) (43) (14) “4) Q) (11) 2) PRD<PBD<PPH<PYB<PKS<PYK<PTG
yrs 17094330 15.15+4.14  20.54+223 ) ) 25.17+2.96 16.94+3.74 F=13.74, p=5.20E-08 (<0.05)
(23) (12) “) (17) (6) PRD<PBD<PPH<PKS<PYK
Shell length ~ pp  20-55+10.23 ) ) 31.46+2.75 33.80+14.86 33.55+7.71 40.72+2.33 F=4.22, p=0.015 (<0.05)
(mm) (4) (8) 2 3) (6) PPH<PTG<PYB<PYK<PBD
9.23+6.14
ARD - (10) - - - - - NE
22.80+6.18
CVL - - - 5) - - - NE
ACY - - - - 43.41 (1) 74.39 (1) - NE
CCR - - - 44.70 (1) - - - NE
CcCL 21.29 (1) § - - - B ) NE
DrRG  274=0.71 3.71+0.73 278+0.60  497+176  3.72+0.73 3.46+0.66 3.19+0.75 F=35.43, p=5.08E-35 (<0.05)
(140) (81) (38) (35) (18) (39) 97) PPH<PKS<PBD<PYK<PRD<PYB<PTG
AMG 1.34+0.86 1.08 + 1.05 1.71+ 091 2.19 +0.49 138147 1.95+046 1.09+0.01 F=2.81, p=0.014 (<0.05)
Dry weight (42) (43) (14) “4) (5) (11) (2) PRD<PBD<PPH<PYB<PKS<PYK<PTG
(8) MRS 1.16 +0.63 0.93 +0.56 1.97+0.74 ) ] 2.74+091 1.10£0.70 F=7.79, p=3.98E-05 (<0.05)
(23) (12) 4) (17) (8) PRD<PBD<PPH<PKS<PYK
DCR 2.65+2.49 ) ] 442+128  10.11+9.73 9.68+588 13.84+4.23 F=3.87, p=0.021 (<0.05)
“) (®) (2 (3) (6) PPH<PTG<PYK<PYB<PBD
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Cont
923 +6.14
ARD - (10) - - - - - NE
479 +3.06
CVL - - - - _ _ NE
Q)

ACY - - - - 12.93 (1) 61.85(1) - NE
CCR - - - 10.28 (1) - - - NE
CCL 1.29 (1) - - . i} ) 3 NE
DRG 1.09 £ 0.08 1.124+0.19 1.09+0.19 1.06 = 0.06 1.15+021 1.07+£0.09 1.12+0.48 F=1.079, p=0.374 (>0.05)

(140) (81) (38) (35) (18) 39) ©7) PTG;PYK;PPH;PKS;PRD:PBD;PYB
AMG 1.14+0.16 1.11 +0.06 1.01 + 0.04 0.96+0.25 1.11+£0.06 1.08+0.01 1.09+0.01 F=4.667, p=2.8E-04 (<0.05)

(42) (43) (14) 4) %) an ) PTG<PKS<PYK<PBD<PRD;PYB<PPH
MRS 1.11+0.17 1.07 £ 0.03 1.06+0.01 ] ] 1.05+£0.06 0.93+0.36 F=1.978, p=1.096 (>0.05)

(23) (12) 4) (17) (8) PBD<PYK<PKS<PRD<PPH

.. 1.07 +0.04 1.06 + 0.01 1.08+0.04 1.13+0.04 1.08+0.03 F=2.68, p=0.065 (>0.05)
Condition DR () ] ' (®) @ 3) ©) PTG:PPH.PYB:PBD:PYK
1.10 + 0.06
ARD - (10) - - - - - NE
1.73 + 1.44
CVL - - - - - - NE
Q)

ACY - - - - 1.07 (1) 1.07 (1) - NE
CCR - - - 1.04 (1) - - - NE
CCL 1.09 (1) - - - - - - NE
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4.5 Shell metric and biomass within islands

Table 4.18 showed the shell length (mm), dry weight (g) and condition index
of gastropods recorded in Pulau Bidong. The result indicated the significant
differences (p<0.05) for shell length and dry weight, while the condition index showed
no significant difference (p>0.05). Post-hoc Tukey analysis revealed that DRG from
PPK exhibited the longest shell length (27.89 + 20.50 mm) compared to individuals in
PPC. Drupella rugosa from PPK also displayed higher dry weight and condition index
values with 3.58 + 0.60 g and 1.18 £+ 0.76 compared to those from PPC (2.93 £0.75 g,
1.08 +0.02).

The significant differences for DCR, MRS, and AMG were not evaluated (NE)
as each species was only found in one study site across the islands. The shell length,
dry weight and condition index of DCR were 38.46 + 5.80 mm, 11.36 + 5.67 g and
1.08 + 0.03. Additionally, the shell lengths of MRS and AMG were 15.15 £ 1.73 mm
and 22.31 + 2.49 mm. The dry weight and condition index of MRS were 0.77 £0.23 g
and 0.89 + 0.42, while individuals of AMG recorded values of 2.11 + 0.64 g and 1.03
+ 0.03, respectively (Table 4.18).



85

Table 4.18 Shell length (mm), dry weight (g) and condition index of coral reef gastropods in Pulau Bidong (DLT=Dinding Laut, PPK=Pantai Pasir
Pengkalan and PPC=Pantai Pasir Cina). DRG=Drupella rugosa, DCR=Drupella cornus, MRS=Morula spinosa and AMG=Arakawania marginalba,

(n)=total number of individuals and - =none of the gastropods present also shown.

Metrics Species SUdvAItes p-value sites
DLT PPK PPC
F=24.66, p=3.46E-06 (<0.05
DRG - 27.89 £20.50 (40)  25.6+2.35(57) P (<0.05)
Shell lenth PPC<PPK
ell leng
38.46 + 5.80 (6 - - NE
(mm) DCR (6)
MRS - - 15.15 + 1.73 (6) NE
AMG - - 22.31+2.49 (2) NE
DRG ; 3.58 + 0.60 (40) 203075 (s7)  © 2283, p=8.32E-06 (<0.05)
Drv weicht PPC<PPK
y (VS‘g DCR 11.36 + 5.67 (6) - - NE
MRS ; _ 0.77 = 0.23 (6) NE
AMG ; : 2.11£0.64(2) NE
DRG ; 1.18£0.76 (40)  1.08 £ 0.02 (57) F=0.13, p=0.721 (> 0.05)
PPK; PPC
Condition index DCR 1.08 £ 0.03 (6) - - NE
MRS - ; 0.89 + 0.42 (6) NE
AMG ; _ 1.03 +0.03 (2) NE
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The result in Table 4.19 showed the values of shell length, dry weight, and
condition index for DRG, MRS, and AMG in Pulau Kapas. For DRG and MRS, the
shell metric and biomass were not evaluated (NE). However, one-way ANOVA
revealed there were significant differences in shell length and dry weight (p<0.05) for

AMG, while no significant difference was observed in its condition index (p>0.05).

For DRG, the longest shell was observed at TJ with 28.19 mm, followed by
individuals in KT (26.52 = 0.78 mm) and ST (25.81 £ 1.99 mm), respectively. A
similar trend was also shown in dry weight with DRG in TJ obtaining the highest value
(3.13 g), followed by individuals in KT (2.82 + 0.28 g) and ST (2.76 + 0.63 g).
Meanwhile, the shell length, dry weight and condition of MRS were 20.54 = 2.23 mm,
1.97+0.74 g and 1.06 + 0.01, respectively (Table 4.19).

Among AMG, Post hoc Tukey revealed that the individuals from TJ contributed
the highest value for shell length with 27.74 + 1.12 mm. The shell lengths recorded in
ST and KT were 25.29 + 3.85 mm and 25.29 + 3.85 mm. The dry weight of AMG
showed that individuals from TJ displayed the largest value (3.13 g), followed by ST
(1.82+0.74 g) and KT (0.28 £ 0.23 g), respectively (Table 4.19). The condition index
did not differ significantly as the values of CI showed similar patterns across all study

sites.
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Table 4.19 Shell length (mm), dry weight (g) and condition index of coral reef gastropods in Pulau Kapas (TJ=Teluk Jawa, KT=Kapas Tengah and
ST=Southern Tip). DRG=Drupella rugosa, MRS=Morula spinosa and AMG=Arakawania marginalba; (n)=total number of individuals and - =none of
the gastropods present are also shown.

. . Study sites .
Metrics Species -value sites
o TJ KT ST =
DRG 28.19 (1) 26.52+0.78 (3)  25.81+1.99 (34) NE
Shell length MRS 20.54 £2.23 (4) - - NE
mm = —
(mm) AMG 2774+1.12(2) 1237+3.78(2)  25.29+3.85(10) F=16.84, p=0.0003 (<0.05)
KT<ST<TJ
DRG 3.13 (1) 2.82+0.28 (3) 2.76 +0.63 (34) NE
Dry weight MRS 1.97 +0.74 (4) - - NE
&) AMG 256+0.12(2)  028+0.23(2) 1824074 (10)  ©13.03,p=0.001 (<0.05)
KT<ST<TJ
DRG 1.11 (1) 1.11£0(3) 1.1+0.2 (34) NE
Condition index MRS 1.06:£0.01(4) i ) F0.11 _I;IES% ~0.05
AMG 0.96 £0.13 (2) 1.09 £ 0.06 (2) 1.00 +0.27 (10) =0.11, p=0.898 (=0.05)

TJ; ST; KT
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The shell metrics and biomass of CCL, DCR, DRG, MRS and AMG in Pulau
Perhentian were recorded in Table 4.20. The results indicated both significant (p<0.05)
and no significant (p>0.05) differences in shell length, dry weight and condition index
for DRG across the study sites. One-way ANOV A showed significant differences in
DRG's shell length and dry weight (p<0.05). Post hoc Tukey revealed that the
individuals from DLG exhibited the greatest shell length with 28.29 + 0.75 mm,
followed by species in TPH (27.23 £ 1.51 mm), respectively (Table 4.20). The shortest
shell lengths were recorded at PR1 (22.65 £ 1.88 mm) and TTG (22.55 + 1.00 mm). A
similar trend was observed in dry weight, where DRG in SBL exhibited the highest
value (3.42 £ 0.51 g), followed by DLG (3.29 + 0.37 g) (Table 4.20). The individuals
from PR1 (1.86 + 0.29 g) and TTG (22.55 + 1.00 g) showed the lowest dry weights.
However, no significant difference was observed in the condition index for DRG

(p>0.05) as the values were relatively similar across sites (Table 4.20).

The shell length, dry weight and condition index for DCR, MRS and AMG were
not evaluated (NE) in Pulau Perhentian (Table 4.20). Although these species were not
evaluated as only a single individual of each species was observed at the study sites,
their shell lengths were still notable; 19.44 mm for DCR in PR1, 21.67 £ 1.66 mm for
MRS in PSB and 23.79 + 2.83 mm for AMG in PR1 (Table 4.20). The shortest shell
lengths for DCR, MRS and AMG were recorded at 13.85 + 3.51 mm in PRN, 13.52
mm in PRN and 10.46 mm in BNS, respectively. A similar pattern was observed for
the highest dry weights; DCR in PR1 (1.81g), MRS in SBL (2.10 g) and AMG in PR1
(2.22 £0.96 g). In contrast, the lowest dry weights for DCR, MRS and AMG were 1.22
+ 0.30 g, 0.85 = 0.58 g and 0.27 g. The highest condition index (CI) values were
recorded in PR1 for DCR (1.12), SBL for MRS (1.87) and PR2 for AMG (1.32) (Table
4.20). Meanwhile, the lowest C/ values for DCR, MRS and AMG were 1.06 + 0.02,
1.04 £ 0.03 and 1.02. CCL was not evaluated (NE) as only a single individual was
observed. The shell length, dry weight and condition index for this species were 21.29
mm, 1.29 g and 1.09, respectively.
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Table 4.20 Shell length (mm), dry weight (g) and condition index of coral reef gastropods in Pulau Perhentian (TPH= Teluk Pauh, PRN=Pulau
Rawa North, PR1=Pulau Rawa South 1, TTG=Terumbu Tiga, SHP=Shark Point, TBS=Tanjung Basi, DLG=D’Lagoon, SBL=Seabell, BNS=Batu
Nisam, PR2=Pulau Rawa South 2 and PSB=Pinang Seribu). CCL=Cerithium columna, DCR=Drupella cornus, DRG=Drupella rugosa,
MRS=Morula spinosa and AMG=Arakawania marginalba, (n)=total number of individuals and - =none of the gastropods present are also shown.

. . Study sites p-value sites
Metrics Species
TPH PRN PRI TIG SHP TBS DLG SBL BNS PR2  PSB
21.29
ccL ) ) (1) - - - ) ) - ) NE
13.85 +
DCR - 3.51 1?614 - - - - - - 3f£7 NE
(2)
F=8.95, p=4.27E-11 (<0.05
2723+ 2572+ 2265+ 2255+ 2604+ 2549+ 2829+ 27.09+ 27.0+ 25124 2589+ P (<0.05)
Shell length ~ DRG 151 0.64 1.88 1.00 1.03 199 075 1.81 1.62 1.86 215  TTG<PRI<PR2<TBS<PRN<
(mm) aw @ 0y mas a) e ¢ Gy (9 POBSAPSLEENSI
1681+ 1633+ 18224+ 1618+ 1596+ 21.67+
MRS 1352 i i 071 299 633 2%;5 639 379  1.66 NE
(6) ©) (2) (2) (3) (2)
o1gs 2379 2184+ 2222% 2077+ 2229+ 2088+ . 1806+ 1538+
AMG - @ 283 529 468 616 254 216 0 809 221 NE
(4) ) (3) “4) (@) ©) (6) (2)
CCL - ] 129(1) - - - - ] ] - ] NE
122+
DCR - 0.30 l(f)l - - - - - - 6(13)6 NE
Dry weight (2)
(8) F=8.209, p=3.26E-10 (<0.05)
3.094 276+ 186+ 193+ 312+ 255+ 329+ 342+ 259+ 272+ 3.06+
DRG 042 044 029 023 097 038 037 051 029 064 043  TTG<PRI<PR2<TBS<PRN<
w0 @ a1  m  ay A M () () (51 (9  PSB<SHP<SBL<BNS<TPH

<DLG
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Cont
131 LOS+ 085+ 131+ 118+ 1.18+ 199+
- 0 - - 0.25 0.58 1.00 ) 0.78 0.40 0.89
MRS (6) (6) (2) (2) 3) (2 NE
Lop  222% L70+ 161+ 197+ 157+ 128+ 126+ 044+
- ) 0.96 0.92 0.83 0.28 0.53 0.49 0 1.10 0.18 NE
AMG “4) (%) 3) (4) @) ©) (6) (2)
CCL - - 1.09 (1) - - - - - - - - NE
1.06 + 103
DCR - 0.02  1.12(1) - - - - - - - 0 NE
(2)
1.08+ 1.10+ 1.10+ 1.10+ 1.09+ 1.11+ 107+ 1.08+ 1.12+ 1.10+ 1.01+ TIIjI_;.sli%-pl:Ro.ll'%Z"lS?}qgiI)P-
o DRG 0.02 0.05 0.15 0.07 0.04 0.12 0.02 0.01 0.06 0.05 0.18 TBS: DLG. SBL: BNS: PR,
Condition index (10) 3) (13) (7 (18) (13) (7 (3) 3) (52) €) ’ "PSB. T
107+ 109+ 112+ 1.04+ 107+
- 1('?)8 - - 0.02 0.04 0.01 l(f; 01.(')016(;) 0.03 0.02 NE
MRS (6) (6) (2) 3) (2
Lo 1.08+ 1.09+ 1.09+ 1.18+ 118+ 1.14+ 132+ 111+
- 0 0.02 0.06 0.02 0.13 0.06 0.15 1.10(1) 0.33 0.04 NE
AMG “4) (%) 3) (4) (7 ©) (6) (2)
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Table 4.21 demonstrated the shell metric and biomass of identified coral reef
gastropods in Pulau Redang such as ARD, DRG, MRS and AMG. The results showed
a significant difference in shell length for both DRG and AMG among the sampling
sites (p<0.05). Post hoc Tukey revealed that DRG and AMG from PL exhibited the
highest shell length with 29.63 + 2.14 mm and 28.10 + 2.20 mm, respectively. In
contrast, the shortest shell lengths were recorded for DRG in KB (27.43 £ 2.19 mm)
and for AMG in TK (14.29+£5.31 mm) (Table 4.21). A similar trend was observed in
dry weight, where significant differences were found between sites for both species.
Post hoc Tukey analysis revealed that the individuals of DRG and AMG from PL also
had the highest dry weights with 4.14 £ 0.61 g and 3.89 + 0.59 g, respectively. No
significant differences were observed in the condition index (CI) for DRG as the values
were relatively consistent across sites (p>0.05). However, Post hoc Tukey indicated

that AMG from TK contributed the highest C/ value (1.12 £ 0.07) (Table 4.21).

The shell metric and biomass of MRS were not evaluated (NE) as only a single
individual of the species was found in KB. However, this individual recorded the
highest value for shell length (20.95 mm), dry weight (2.16 g) and condition index
(1.10) for MRS in Pulau Redang (Table 4.21). The lowest shell length and dry weight
values for MRS were found in TK with 15.69 + 3.40 mm and 0.84 + 0.44 g, while the
lowest condition index was observed in PL (1.06 + 0.03). Similarly, ARD was not
evaluated (NE) as this species was only recorded at a single study site. The shell length,
dry weight and condition index for this species were 28.49 + 7.06 mm, 9.23 £ 6.14 g
and 1.10 £ 0.06, respectively (Table 4.21).
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Table 4.21 Shell length (mm), dry weight (g) and condition index of coral reef gastropods in Pulau Redang (KB=Pulau Kerengga Besar, PL=Pulau
Lima, TK=Terumbu Kili). ARD=Astralium rhodostomum, DRG=Drupella rugosa, MRS=Morula spinosa and AMG=Arakawania marginalba, total
number of individuals (n) and - = none of the gastropods present are also shown.

Metrics Species Study sites p-value sites
KB PL TK
ARD - 28.49+7.06 (10) - NE
F=5.908, p=0.04 (<0.05)
DRG 27.43+2.19 (41 29.63+2.14 (14 28.03+2.02 (57
Shell length “h) (14 (57) KB<TK<PL
(mm) MRS 20.95 (1) 15.69+£3.40 (5) 13.2944.73 (6) NE
F=17.61, p=3.02E-06 (<0.05)
AM 23.03+2.4 28.10+2.2 14.2945.31 (31
G 3.03 0(09) 8.10+2.20 (3) 9+5.31 (31) TK<KB<PL
ARD - 9.234+6.14 (10) - NE
F=3.493, p=0.03 (<0.05)
DRG 3.55+0.72 (41 4.144+0.61 (14 3.73+£0.74 (57
Dry weight “1) (14 (57) KB<TK<PL
() MRS 2.16 (1) 0.85+0.49 (5) 0.84+0.44 (6) NE
F=21.22, p=4.27E-07 (<0.05)
AM 1.96+0.62 .89+0. .55=+0. 1
G 96+0.62 (9) 3.89+0.59 (3) 0.55+0.67 (31) TK<KB<PL
ARD - 1.10£0.06 (10) - NE
F=0.443, p=0.644 (>0.05
DRG 1.12+0.24 (41) 1.15+0.14 (14) 1.11£0.13 (57) P ( )
. TK; KB; PL
Condition index
MRS 1.10 (1) 1.06+0.03 (5) 1.08+0.03 (6) NE
F=3.994, p=0.02 (<0.05
AMG 1.07+0.01 (9) 1.06+0.02 (3) 1.12+0.07 31) P ( )

PL<KB<TK
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The results in Table 4.22 showed no significant (p>0.05) and significant
(p<0.05) differences in shell length (mm), dry weight (g) and condition index for DRG
in Pulau Tenggol. No significant difference was observed in shell length as the values
followed a relatively consistent pattern across sites. However, Post-hoc Tukey
revealed that the highest dry weight and condition index of DRG was recorded at TP
(8.32 £0.78 g) and LW (1.09 £ 0.02), respectively. In contrast, the lowest values for
dry weight and condition index were observed at LW (3.62 + 0.82 g) and SN (1.03 +
0.08) (Table 4.22).

In addition, other species such as CVL and DCR showed no significant
differences (p>0.05) in shell length, dry weight and condition index (Table 4.22). Post-
hoc Tukey indicated that the shell metrics and biomass values for both species
followed relatively similar patterns. Furthermore, AMG and CCR were not evaluated
(NE) for their shell metrics and biomass as each species was only discovered at a single
study site. The values for shell length, dry weight and condition index were as follows:
AMG (29.87 £ 5.34 mm, 2.94 + 1.35 gand 1.06 £ 0.01) and CCR (44.70 mm, 10.28 g
and 1.04) (Table 4.22).
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Table 4.22 Shell length (mm), dry weight (g) and condition index of coral reef gastropods in Pulau Tenggol (TP=Turtle Point, TR=Teluk Rajawali,
RJ=Rajawali, SN=Sri Nakhota and LW=Lost World). DRG=Drupella rugosa, AMG=Arakawania marginalba, CVL=Coralliophila violacea,
DCR=Drupella cornus and CCR=Cerithium coralium, total number of individuals (n) and - = none of the gastropods present are also shown.

. . Study sites .
Metrics Species TP TR RJ SN LW p-value sites
DRG 35.69 +1.28 36.73+0.25 31.73 +3.17 30.12 +£2.56 F=4.664, p=0.083 (>0.05)
(2) (2) (16) (15) LW;SN;TP;RJ
AMG - - - - 29.87 +5.34 (4) NE
Shell length 24.29 +9.98 F=1.038, p=0.626 (>0.05)
L - - - 21.81+4. ?
(mm) v (2) 8 8(3) LW;TR
DCR 35.04+2.32 ] ] ] 30244 4.57 (6) F=1.575, p=0.202>0.05
(2) LW; TP
CCR - - - 44.70 (1) - NE
DRG ~ 832+0.78(2) ; 724+011(2) 554+143(16) 3.62+082(15) T 1429,p=5.06E-06 (<0.05)
LW<SN<RJ<TP
AMG - - - - 2.94+ 135 (4) NE
Dry weight (g) CVL ] 5.85+4.99 (2) ; ; 408+2103)  F—01154,p=0.587(>0.05)
LW;TR
F=1.255, p=0.228 (>0.05)
DCR I8+ 1.15(2 - - - 432 +1.54
C 5.78 5(2) 3 54 (6) LW:ID
CCR - - - 10.28 (1) - NE
DRG 1.07 £ 0.01 (2) - 1.06 £0.04 (2) 1.03+0.08(16) 1.09+0.02 (15) F=3.164, p=0.038 (<0.05)
SN<RJ<TP<LW
AMG - - - - 0.96 + 0.25 (4) NE
Condition index — =
CVL - 1.19 + 0.04 (2) - - 2.16 + 1.87 (3) F=0.5852, p=0.561 (>0.05)

TR; LW
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DCR

CCR

1.07 £ 0.02 (2)

1.04 (1)

1.06 £ 0.01 (6)

F=0.857, p=0.658 (>0.05)
LW;TP
NE
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Based on Table 4.23, the shell metrics and biomass values for DCR, DRG, ACY
and AMG in Pulau Yu Besar were recorded. There were significant (p<0.05) and no
significant (p>0.05) differences in shell length, dry weight and condition index for
DRG and AMG. For DRG, one-way ANOVA showed no significant differences across
all study sites in shell length, dry weight and condition index, as post-hoc Tukey

revealed relatively similar patterns for these measurements.

In contrast, AMG exhibited significant differences (p<0.05) in shell length and
dry weight, while no significant difference (p>0.05) was found in the condition index
(Table 4.23). The longest shell (31.25 + 0.53 mm) and heaviest dry weight (2.98 +
0.09 g) were documented in S1, indicating significant variation in these parameters.

However, the condition index for AMG remained relatively consistent across all sites.

Drupella cornus and Arakawania ceylonica were not evaluated (NE) as only
one individual presented at each study sites. For DCR, the individual from S2 exhibited
relatively high values of shell length, dry weight and the condition index. The values
were 44.31 mm, 16.99 g and 1.10, respectively (Table 4.23). Meanwhile, ACY was
found only at S1 with a shell length of 43.41 mm, dry weight of 12.93 g and condition
index 1.07 (Table 4.23).
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Table 4.23 Shell length (mm), dry weight (g) and condition index of coral reef gastropods in Pulau Yu Besar (S1=Site 1 and S2=Site 2).
DCR=Drupella cornus, DRG=Drupella rugosa, ACY=Arakawania ceylonica and AMG=Arakawania marginalba, total number of individuals (n)
and - = none of the gastropods present are also shown.

Study sites
S1 S2
DCR 23.29 (1) 4431 (1) NE
F=0.103, p=0.753 (>0.05)

Metrics Species p-value sites

DRG 29.50+2.19(14)  29.06+ 1.73 (4)

Shell length S2; S1
(mm) ACY 43.41 (1) - NE
F=37.53, p=0.008 (<0.05
AMG 31254053 (2)  15.26+2.48(3) ’gz<31 (<0.05)
DCR 3.23(1) 16.99 (1) NE
. DRG 3731080 (14)  3.68+047(4) | 0:0015,p=0.970(>0.05)
Dry weight S2; S1
(8) ACY 12.93 (1) - NE
AMG 2.98 +0.09 (2) 031£0093) [ 1197,p=0.002(<0.05)
$2<S1
DCR 1.05 (1) 1.10 (1) NE
F=0.817, p=0.387 (>0.05
DRG 1.17+024(14)  1.07+0.01 (4) ’Is)z- o1 (>0.05)
Condition index ’
ACY 1.07 (1) ; NE
F=0. =0.941 (>0.
AMG 1.11£0.02 (2) 1.11 +0.08 (3) 0.006, p=0.941 (>0.05)

S1; S2
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According to Table 4.24, the results displayed the shell length, dry weight and
condition index for coral reef gastropods collected in Pulau Yu Kecil. Given a value
(p> 0.05) for MRS, the significance of these three metrics was approved using one-
way ANOVA. The values of shell length, dry weight and condition index of this

species at Pulau Yu Kecil study sites exhibited a similar trend.

In addition, Drupella cornus was not evaluated (NE) because only one
individual of this species was found in S3. However, the result indicated that the shell
length of this species from S1 was longer (33.55 = 7.71 mm) compared to S3 (28.47
mm) (Table 4.24). The dry weight and condition index also followed a similar pattern,
as the values for both measurements were higher in S1, 9.68 + 5.89 g and 1.13 = 0.04
compared to S3, where the dry weight and condition index were only 3.46 + 0.66 g
and 1.06.

Lastly, D. rugosa, A. ceylonica and A. marginalba were categorised as not
evaluated (NE) since each species was only discovered in one study site. The values
of shell length, dry weight and condition index for DRG were 28.06 + 2.23 mm, 3.46
+ 0.66 g and 1.07 £+ 0.09. Meanwhile, the corresponding values for ACY were 74.39
mm, 61.85 g and 1.07, while for AMG were 26.79 + 1.90 mm, 1.95 + 0.46 g and 1.08
+ 0.01, respectively (Table 4.24).
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Table 4.24 Shell length (mm), dry weight (g) and condition index of coral reef gastropods in Pulau Yu Kecil (S1=Site 1, S2=Site 2 and S3=Site 3).
DCR=Drupella cornus, DRG=Drupella rugosa, MRS=Morula spinosa, ACY=Arakawania ceylonica and AMG=Arakawania marginalba, total
number of individuals (n) and - = none of the gastropods present are also shown.

. . Study sites .
Met S -value sit
etrics pecies S1 S2 S3 p-value sites
DCR 33.55£7.71 (2) - 28.47 (1) NE
DRG ; ; 28.06 +2.23 (39) NE
Shell length MRS 2535+3.11(15)  23.82+081 (2) - F=0.331,p=0.574 (>0.05)
(mm) S2; 81
ACY 74.39 (1) ; - NE
AMG - 26.79 + 1.90 (11) ; NE
DCR 9.68 + 5.89 (2) - 4.58 (1) NE
DRG ; ; 3.46 £ 0.66 (39) NE
Dry weight MRS 2.77+0.05(15)  2.56+0.75(2) - F=0.08,p=0.928 (>0.05)
(8) S2; S1
ACY 61.85 (1) ; - NE
AMG - 1.95 + 0.46 (11) ; NE
DCR 1.13 £ 0.04 (2) - 1.06 (1) NE
DRG - ; 1.07 + 0.09 (39) NE
Condition index MRS 1.05+0.06 (15)  1.06+0.01(2) - FRO-198, };08818 7 (>0.05)
ACY 1.07 (1) . . NE

AMG - 1.08 + 0.01(11) - NE
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4.6  Feeding guilds of gastropods in Terengganu marine protected islands

Percentage of feeding guilds among islands

Figure 4.23 showed the percentage of gastropods between Terengganu marine
protected islands according to feeding guilds. Based on previous studies, identified
gastropods were divided into three feeding guilds namely corallivorous, carnivorous,
and herbivorous. PPH ranked the highest value (28.40%) for the corallivorous group.
PYB was recorded as the least corallivorous with 20 individuals (3.94%). PPH
contained the highest number of carnivorous gastropods with 65 individuals (35.14%),
followed by PRD (29.73%) (Appendix 2; A). In contrast, the total number of
carnivorous gastropods was lowest in PYB (3.24%) and PTG (2.16%). Most
herbivorous gastropods were observed in PRD with 10 individuals (83.33%).

Meanwhile, only one individual was recorded at each PPH and PTG.
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Figure 4.23 Percentage of coral reef gastropods among islands according to feeding
guilds (PBD=Pulau Bidong, PKS=Pulau Kapas, PPH=Pulau Perhentian, PRD=Pulau
Redang, PTG=Pulau Tenggol PYB=Pulau Yu Besar and PYK=Pulau Yu Kecil).
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Percentage of feeding guilds within islands

Figure 4.24 shows the percentage of feeding guilds for gastropods within
Terengganu marine protected islands. Each of the islands was dominated by
individuals from corallivorous, with PBD (14.63%), PKS (5.40%), PPH (20.45%),
PRD (15.91%), PTG (6.82%), PYB (2.84%) and PYK (5.97%). Carnivorous
gastropods were the second most abundant species; PBD (1.14%), PKS (2.56%), PPH
(9.23%), PRD (7.87%), PTG (0.57%), PYB (0.85%) and PYK (4.12%). The rarest
feeding guild recorded was herbivorous and found in PPH (0.14%), PRD (1.40%) and
PTG (0.14%). Meanwhile, no herbivorous species were found in PBD, PKS, PYB and
PYK (Appendix 2; B).
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Figure 4.24 Percentage of coral reef gastropods within islands according to feeding
guilds (PBD=Pulau Bidong, PKS=Pulau Kapas, PPH=Pulau Perhentian, PRD=Pulau
Redang, PTG=Pulau Tenggol PYB=Pulau Yu Besar and PYK=Pulau Yu Kecil).
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CHAPTER 5

DISCUSSION

5.1 Distribution and description of coral reef gastropods

The coral reef is a prominent tropical rainforest in the ocean because of their
high level of complexity and enormous biodiversity (Apprill et al., 2023; Nama et al.,
2023) as it serves as a habitat for myriad marine organisms and holds a significant
source of economic and cultural value to humankind (Zhang et al., 2024). The coral
reefs globally deteriorated due to severe pollution, overfishing and climatic pressure
such as warming oceans since the 1970s (Dutra et al., 2021). Apart from that, coral
reef ecosystems were also susceptible to consumers such as fish (Cole et al., 2008),
echinoderms (Kroon et al., 2021) and corallivorous gastropods (Kaullysing et al.,
2020). The feeding behaviour of corallivorous gastropods not only caused severe tissue
loss but also potentially damaged coral reefs by spreading diseases among the coral

population (Montano et al., 2022).

In this study, D. rugosa from Muricidae is regarded as the most dominant
gastropod collected at coral reefs with 479 individuals in all stations. Pulau Perhentian
recorded the highest number of D. rugosa with 140 individuals. One of the reasons is
that Pulau Perhentian covers sampling sites more widely than the other islands. This
is because the broader coverage of the island increased the chances of encountering

more gastropods during sampling. Apart from that, Pulau Perhentian has a variety of
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coral reefs including Acropora spp. (Hong et al., 2020). Drupella rugosa is an obligate
and generalist corallivore that feeds exclusively on corals with Acropora spp. being
among its preferred prey (Sam et al., 2017). However, the reduction in coral cover has
only a minimal impact on corallivorous gastropods as this predator demonstrates
strong adaptability to modify their feeding preferences in response to the depletion of
their preferred corals (Hoeksema et al., 2013; Moerland et al., 2016; Saponari et al.,
2021). The mouth of D. rugosa is equipped with an external cuticularized proboscis
and a radula, which serves to against coral nematocysts and enhance feeding efficiency
(Samsuri et al., 2018). Drupella individuals are observed to aggregate on damaged
corals due to the release of mucus or other secretions by coral colonies that may have
contained feeding attractants for the species (Morton et al., 2002; Kita et al., 2005).
However, this gastropod is not attracted to coral recruits as Drupella insufficiently
detects the mucus produced by these corals (Tsang et al., 2018). In addition, some
studies suggested that the feeding rates of the Drupella genus vary, posing threats to
the coral reef ecosystem. Notably, the feeding rates of D. rugosa are reported to be
higher than D. cornus (Samsuri et al., 2018). A study by Sam et al. (2017) in Thailand
demonstrates that although D. rugosa is smaller in size, its feeding rate is higher with

0.72 cm? of coral tissues per day compared to D. cornus (0.65cm? coral tissue/day).

The present study also revealed that A. marginalba is the second most
frequently observed with 121 individuals recorded. The species is most abundant in
Pulau Perhentian and Pulau Redang. The higher number of individuals may have
resulted from the ability of its pelagic larvae to cross large barriers of substrates
(Barroso et al., 2020). Arakawania marginalba, formerly known as Tenguella
marginalba is noteworthy for its distinctive characteristics, particularly its high-spired
shells, which provided protection against unfavourable conditions (Baharuddin et al.,
2019). Additionally, the species is frequently found in rocky pools as this microhabitat
provides the potential to mitigate severe environmental conditions (Scheffers et al.,
2014). This phenomenon occurs because most gastropods tend to move to habitats with
lower heat and desiccation stress when they are not actively engaged in foraging
(Schaefer et al., 2023). However, 4. marginalba is also capable of living in
environments such as intertidal zones and coral reef ecosystems. Its distribution is
strongly influenced by wave exposure, competitors and the presence of their food

resources (Baharuddin et al., 2019; Cahyadi et al., 2021). This species is a generalist
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carnivore and primarily feeds on gastropods, barnacles, limpets and oysters. It is

known for its ability to use the radula by drilling its prey (Wright et al., 2018).

Morula spinosa is the third most abundant gastropod as this species is found at
almost all sampling stations except Pulau Tenggol and Pulau Yu Besar. The highest
number of species are recorded in Pulau Perhentian and Pulau Yu Kecil. Apart from
the higher coverage of sampling sites, the complex coral reef structures in Pulau
Perhentian and Pulau Yu Kecil provided many crevices and spaces for species to thrive
and hide from predators (Syahrul et al. 2022). Morula spinosa, a carnivorous
gastropod, mainly feeds on carrion, polychaetes and small molluscs, aligning with the
dietary preferences of other muricid gastropod species (Barco et al., 2010). Yokochi
(2004) highlighted the early documentation of M. spinosa feeding on coral reefs in
Japan; however, the species was predominantly considered a coral scavenger rather
than a corallivore based on its feeding habits. Although M. spinosa occurs in
Terengganu marine protected islands, the population and distribution of gastropods are
not exclusively dependent on the coral reef (Moerland et al., 2016). This is because
the species displayed its capability to exploit a broader range of prey resources. The
presence of M. spinosa within the coral ecosystem is due to its tendency to inhabit
coral reefs as a shelter and feed on small invertebrates such as herbivorous gastropods
(Soekendarsi, 2019). The Morula genus is commonly involved in feeding behaviours
by drilling into sedentary and semi-mobile prey. The drilling behaviour by gastropods
i1s a complex chemo-mechanical process that involves acid secretion from a boring
organ located in the foot, along with scraping activity by the radula (Clelland &
Webster, 2021).

Compared to D. rugosa, D. cornus has fewer individuals with only 23 recorded
across Pulau Perhentian, Pulau Tenggol, Pulau Yu Besar, Pulau Yu Kecil and Pulau
Bidong. Drupella cornus is one of the highly cryptic corallivorous species commonly
distributed across tropical reefs in the Indo-Pacific region. Adults of this species
predominantly utilize their specialized radula to scrape the living tissue from coral
skeletons (Claremont et al., 2011; Haslam et al., 2023). This ectoparasitic gastropod is
frequently associated with fast-growing corals (e.g. Acropora and Pocillopora) and
they are also found clustered on slow-growing corals (e.g. Porites and Fungiids) when
their preferred corals are scarce (Schoepfet al., 2010; Hoeksema et al., 2013). Another

study suggested that D. cornus is regularly found in large aggregations on coral reefs,
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likely due to the chemical cues released by damaged corals and conspecifics
(Hamman, 2018). However, in the present study, the lower number of D. cornus
recorded across the islands may have been due to its tendency to inhabit exposed
corals, whereas D. rugosa predominantly occupies submerged coral reefs (Zhang et
al., 2024). The reduction in the number of D. cornus is related to the fact that most

sampling in this study is conducted in the submerged coral reef areas.

A total of 10 individuals of A. rhodostomum from the Turbinidae family are
observed in Pulau Redang. Compared to the other islands, the presence of this species
in Pulau Redang indicates the presence of high algae in the coral ecosystem. This is
attributed to the fact that A. rhodostomum is a conspicuous herbivore that is commonly
found in subtidal coral reef ecosystems (Zainuddin et al., 2024). Astralium
rhodostomum is also widely recognized throughout the Pacific region, spanning from
Thailand to southeastern Polynesia (Meyer et al., 2005). The population and size
distribution of this turbinid gastropod on intertidal reefs also undergo alterations across
environmental gradients associated with elevation changes (Worthington &
Fairweather, 1989; Bruton et al., 1991). The shell of Astralium rhodostomum is usually
covered with algae, allowing the gastropods to camouflage themselves well from

threats (Isroni et al., 2023).

Only five individuals of Coralliophila violacea from Muricidae are found in
Pulau Tenggol. The presence of C. violacea in Pulau Tenggol could have been
attributed to the dominance of Porites in the area (Hong et al., 2020). Coralliophila
violacea 1s known as a muricid corallivorous gastropod that exhibits obligate
relationships with corals, particularly Porites. This gastropod is also distributed in
shallow tropical and subtropical Indo-Pacific regions (Gautrand et al., 2023). The
primary food resources of this gastropod were coral polyps, coral mucus and
zooxanthellae algae (Gautrand et al., 2023). Coralliophila violacea inserted its
proboscis into coral polyps as it lacks both jaws and a radula to extract the food. It
remains associated with the same coral host for several months and was considered a
prudent sessile species (Oren et al., 1998). Oren et al. (1998) documented that C.
violacea created a carbon sink (translocated carbon) from surrounding tissue to the
injured areas to promote the healing process and provided a continual food supply for

extended periods. The feeding behaviour of C. violacea harms coral reefs by
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destroying underlying tissue and leaving scars on coral skeletons (Raymundo et al.,
2016). The formation of a carbon sink also reduces the resources available for coral
regeneration as most energy is used to repair injured areas (Hamman, 2018). When
their food resources are depleted, they move to new habitats and form new

aggregations on different coral hosts (Hamman, 2018).

Apart from A. marginalba, the other Arakawania species identified in
Terengganu marine protected islands is A. ceylonica with one individual recorded at
both Pulau Yu Kecil and Pulau Yu Besar. Arakawania ceylonica, formerly known as
Tenguella ceylonica is known to occur in areas such as India, Sri Lanka, Indonesia,
Thailand, Philippines and Malaysia (Mujiono, 2020; Fasila et al., 2024; Ghatpande et
al., 2024). They are generally abundant on intertidal rocky shores, playing an
ecologically important role as predators (Barco et al., 2010). Arakawania ceylonica is
a carnivore as it feeds on molluscs, barnacles and other varieties of prey. A. ceylonica
was predominantly observed within rocky crevices and oyster beds, typically at depths
ranging from 0 to 1 metre (Ghatpande et al., 2024). The presence of A. ceylonica in
the coral ecosystem in Pulau Yu Besar and Pulau Yu Kecil is caused by larvae
settlement. This is because the larvae of gastropods had a greater influence on
gastropod distribution than adults as they were capable of crossing large barriers of the
substrate (Barroso et al., 2022). The short distance between Pulau Yu Besar and Pulau

Yu Kecil also contributes to the occurrence of the same species in both islands.

Cerithium coralium from the Cerithiidae family was among the least species
recorded in Pulau Tenggol with only one individual observed. Cerithium coralium was
typically found in mangrove areas but its distribution extended to other marine habitats
as well (Barnes, 2003). Some cerithiid gastropods are recognised as herbivores and
they primarily inhabit intertidal zones or shallow waters, which provide abundant
preferred resources for them (Sun & Zhang, 2014). Cerithium coralium was widely
distributed in Australia, New Guinea, Japan, the Philippines, the Gulf of Thailand and
Indonesia (Ilias et al., 2021).

Another of the least gastropod species was C. columna, which was found in
Pulau Perhentian. Cerithium columna is known to inhabit seagrass and intertidal zones
(Taylor, 1968). This gastropod also occurs in the subtidal zone, which helps to retain

water and avoid fluctuations in temperature for gastropods as this species is unable to
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thrive in harsh physiochemical conditions (Ayal & Safriel, 1982). However, C.
columna prefers to inhabit tide pools within the intertidal zone that are well-developed
with algae as Cerithiidae gastropods are herbivores (Ayal & Safriel 1982; Sun &
Zhang, 2014). Although most cerithiid gastropods inhabited intertidal areas, the
presence of one individual each of C. coralium and C. columna in the coral reef areas
of Pulau Tenggol and Pulau Perhentian may have resulted from strong currents and

waves that displaced them from their original habitat (Basir et al., 2022).

5.2 Diversity, distribution and abundance among islands

Species diversity is a component of species richness and evenness where the
individuals are dispersed in a community (Sharif et al., 2017). Rich environments in
Malaysia such as Terengganu boast rich coastal habitats including mangroves (Azmi,
2014), seagrasses (Zakaria et al., 2003) and coral ecosystems (Safuan et al. 2022),
which potentially attract more variation of animal species. The species diversity of
gastropods associated with coral reefs in Terengganu marine protected islands depends
on coral cover. This is because the coral reef ecosystem is considered one of the
paramount factors influencing the diversity and abundance of gastropods in the marine
environment (Mohanraj et al., 2015). Since most marine gastropods are very closely
associated with the coral reefs for food, shelter or reproduction, it is imperative to
prioritize the protection of the coral ecosystem to ensure the conservation of

gastropods (Mohanraj et al., 2015).

Based on the findings of this study, the results showed that Terengganu marine
protected islands harbour a low diversity of coral reef gastropods (Table 4.2). The high
diversity of gastropods is correlated with a high diversity of life forms in the coral
(Barrientos-Lujan et al. 2017). However in early January 2019, the Tropical Pabuk
Storm emerged in the South China Sea and affected Peninsular Malaysia, including
Terengganu, which experienced post-effects from the storm (Shariful et al., 2020).
Consequently, surveys indicated that most of the coral reefs in Terengganu marine
protected islands were in ‘fair’ (<50% and >25%) and ‘poor’ (<25%) conditions due

to the storm’s effect (Chou et al., 1994; Hong et al., 2020).
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In comparing diversity among islands, PYK (H=1.154) exhibited higher
values of the Shannon index (Table 4.2). The high value of the diversity index in
islands is potentially due to a higher percentage of preferred corals such as branching
corals that harbour a more significant number of gastropods as the volume of head
coral and spaces within branches serve as habitat and provide protection for them to
against waves and predators (Bachok et al., 2021; Barrientos-Lujan et al., 2021).
Simpson’s index (D) was deemed low as most values fall below one. Previous research
suggested that as the value of D increases towards higher values, the diversity will

decrease (Shah & Pandit, 2013).

Margalef index has no limit value and varies depending on the number of
species. A higher value of Ma indicated a higher species richness. The index allows
researchers to compare the species richness across different study sites (Shah & Pandit,
2013). Menhinick index also aims to estimate the species richness but remains
independent of the sample size (Shah & Pandit, 2013). According to Hossain et al.
(2017), higher diversity values such as species richness indicate the suitability of
habitat for the organism’s survival and are reported to correlate with longer food chains
and more complex food webs. However, in the present study, the values for both
indices were considered low as most were below one. The low values for both Ma and
Me indices may be attributed to the limited number of species found, as well as
environmental degradation resulting from anthropogenic and natural factors such as
the tropical Pabuk storm that hit Terengganu marine protected islands (Shah & Pandit,
2013; Hong et al., 2020).

The evenness index is used to describe the community condition in the
ecosystem based on how equally individuals are distributed among the species.
According to Krebs (1972), values closer to 1 indicate that the individuals between
species are relatively similar (very equal), while values closer to 0 indicate more
variation in species. In the present research, J” and Ep indices indicate that the lowest
scores were recorded in PBD. Following evenness criteria, the results from PBD
suggest that the reef gastropods' community structure falls within the ‘fairly equal” and

‘poor’ categories.
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Based on Figure 4.10, the total sampling efforts were still inadequate to
document the total diversity of gastropods in Pulau Tenggol, Pulau Yu Besar and Pulau
Yu Kecil as the cumulative curves in these sampling sites remained exponential
(Munian et al., 2020). Pulau Perhentian experienced rapid increases in reaching the
asymptote curve. The island also covered the highest number of sampling sites
compared to other islands; therefore the possibility of recording the individuals
increases. As the number of individuals observed increased, more species could be
recorded during sampling (Shafie et al. 2023). However, the rarefaction curve at the
study location eventually began to level off, indicating that the same species were
repeatedly being sampled. In Pulau Redang, Pulau Kapas and Pulau Bidong, the curves
approached an asymptote, suggesting that the species diversity in locations may have
been adequately identified. Therefore, the sampling was considered complete as the

discovery of new or rare species had gradually declined (Azman et al., 2019).

5.3 Species abundance distribution

The high abundance of coral reef cover in Terengganu marine protected islands
may contribute to the high species richness of coral reef gastropods. This is
corroborated by this study where the most common species were D. rugosa with 479
individuals, followed by A. marginalba as the second most abundant with 121
individuals, respectively (Figure 4.12). During the survey of study areas, the coral reefs
most commonly observed in Terengganu marine protected islands were dominated by

Acropora and Porites genera.

Acropora coral is regarded as one of the fastest-growing corals with some
species capable of extending by 20-30 cm per year. Many species of this genus exhibit
high morphological plasticity in response to environmental conditions, allowing them
to thrive in a broad range of habitats and turbulence regimes (Mercado-Molina et al.,
2020). Their rapid growth and morphological plasticity provide Acropora species with
a competitive advantage in colonizing the substrates under favourable conditions
(Mercado-Molina et al., 2020). This rapid growth also makes acroporids significant

contributors to reef accretion and a vital functional group in maintaining reef
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functionality. In contrast, Porites corals grow more slowly with radial growth rates
ranging from 5-20 cm. However, this genus possesses a stronger skeleton structure to
resist high-energy forces from waves and current actions (Akmal et al. 2019).
Therefore, the dominance of Porites is likely due to their ability to tolerate harsh
environmental conditions such as strong currents, wave actions and sedimentation

loads (Akmal et al. 2019).

The higher number of D. rugosa at all sampling stations indicated a greater
abundance of preferred corals, particularly Acropora. The aggregations of the
Drupella gastropods are commonly found on Acropora, possibly due to its larger
surface area and higher protein content. In addition, the preference for Acropora corals
by corallivorous gastropods may be linked to their selective feeding on damaged
tissue. Since Acropora is prone to damage, the increased mucus secreted by injured
corals will attract predators (Zhang et al., 2024). This vulnerability arises because
Acropora spp. allocated more energy to growth than defence mechanisms, making
them less resistant to predation and diseases (Zhang et al., 2024). However, the higher
number of D. rugosa also correlated with their feeding plasticity and exhibited a

dietary shift towards less preferred prey corals such as Porites (Bruckner et al., 2017).

Arakawania marginalba was identified as the second most dominant gastropod
because this species was known to inhabit a wide range of marine habitats, although
this muricid whelk falls under the carnivorous category (Baharuddin et al., 2019).
Cerithium columna and Cerithium coralium were considered rare species with
singletons for each because most of the Cerithiidae family are typically found in
intertidal areas where their resources are more abundant (Sun & Zhang, 2014).
Similarly, Arakawania ceylonica was categorised as a rare species with doubletons as
this species is commonly abundant at intertidal rocky shores. Therefore, the presence
of these three species within the coral ecosystems is probably due to strong ocean
currents and waves generated by the Pabuk storms, which may have drifted the

individuals away from their origin into the reef area.
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5.4  Diversity, distribution and abundance within islands

Gastropods are a notable group of invertebrates that belong to the phylum
Mollusca. They are among marine biotas that exhibit high species diversity and are
widespread across various marine habitats (Sukawati et al., 2018; Suyadi et al., 2021).
Each gastropod species is adapted to its specific ecological niche, enabling it to thrive
under various environmental conditions such as nutrition availability, substrate type
and interactions with other species (Sujarta et al., 2022). Variations in these
environmental conditions influence gastropods’ habitat preferences, leading them to
occupy habitats that fall within their tolerance limits (Zaidi et al., 2021; D’Souza et
al., 2022; Hilmi et al., 2022). These environmental factors contribute to differences in

lifestyle, behaviour and distribution among gastropod species (Sujarta et al., 2022).

5.4.1 Pulau Bidong

Coral reef gastropods recorded in this study revealed that four species from
Muricidae were discovered in Pulau Bidong (Table 4.3). Drupella rugosa was
primarily observed feeding on branching corals and the waters surrounding Pulau
Bidong boasted a diverse array of coral forms, spanning from branching to massive
coral reefs (Hoeksema et al., 2013; Firdaus et al., 2021). However, Pulau Bidong has
experienced a declining trend in live coral cover, decreasing from 47.9% to 28.75%,
while the proportion of dead corals increased from 26.3% to 65.09% (Safuan et al.,
2020). On the east coast of Peninsular Malaysia, the physical disturbances associated
with the northeast monsoon are known to alter coral communities in the region (Toda

et al., 2007).

Besides the harsher environmental conditions of the northeast monsoon
compared to the southwest monsoon (Roseli & Akhir, 2014; Roseli et al., 2015), coral
mortality notably increased following storm-induced disturbance in early 2019.
During the storm event, cyclonic wind speeds exceeding 50 mph were detected near
the east coast of Peninsular Malaysia, resulting in intensified currents surpassing 1 m/s
and wave heights over 4 m. These environmental conditions were more severe than

those observed during the normal northeast monsoon (Safuan et al., 2020). The
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absence of D. rugosa and the presence of only a single individual for D. cornus in DLT
suggests that extreme hydrodynamic conditions may have destroyed most of the coral
reefs in area. Furthermore, the destruction and loss of coral habitats particularly
branching corals that serve as food sources could lead to local extinction or population

declines of these gastropods (Kurniawan et al., 2023).

The other gastropods such as M. spinosa and A. marginalba were found only
at PPC where Safuan et al. (2020) reported that the reef conditions at 8-metre depth in
PPC were classified as ‘fair’. These coral reefs may serve as a refuge or microhabitat
that buffers against storm impacts (Fraser et al., 2021). Moreover, this finding is also
supported by the study's sampling approach, which SCUBA divers conducted surveys

within coral reef areas at depths ranging from 3 to 12 metres.

The diversity and richness of coral reef gastropods in Pulau Bidong were
relatively low as a result of the Pabuk storm that hit the island (Table 4.4). During
regular periods, seasonal winds, precipitation patterns and wave directions are
influenced by changes in the current circulation surrounding Pulau Bidong (Daud &
Akhir, 2015; Shariful et al., 2020). However, on 4 January 2019, wind speeds reached
up to 75km/h as the storm passed across the Gulf of Thailand. Malaysia, including
Pulau Bidong has experienced the effects of the storm. The effects were visible on the
beaches where dead corals were observed covering rocky shores and sandy regions
(Basir et al., 2022). Such disturbances negatively affect gastropod diversity and
richness within coral reefs, contributing to uneven species distribution. In addition, the
Evenness Index (J°) in DLT and PPK indicated complete evenness and a highly
uniform community structure with the categorisation of ‘very good’ (Krebs, 1972).
The similarity in the number of individuals between the species in DLT and PPK could
be explained by the adequate food availability, which may have reduced competition
and supported a more even distribution of individuals among species (Watz & Nyqvist,

2022).
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5.4.2 Pulau Kapas

A total of 56 gastropods representing three species (D. rugosa, M. spinosa and
A. marginalba) from the Muricidae family were documented in Pulau Kapas (Table
4.5). ST yielded the highest number of D. rugosa and A. marginalba individuals
compared to KT and TJ as the coral reefs in ST were categorised as being in 'good'
condition. Meanwhile, coral reefs in KT and TJ were classified as being in 'fair' and
'poor' condition, respectively (Chou et al., 1994; Bachok et al., 2021). Despite being
categorised as 'fair' and dominated by branching corals, KT recorded only three
individuals of D. rugosa and two of A. marginalba. Some gastropods could not be
collected due to their cryptic position within coral structures, where the arrangement
of coral branches hindered their detection and assessment during sampling (Bachok et

al., 2021).

The small number of M. spinosa found in TJ indicated that the coral reef
condition was 'poor', with live coral cover less than 25% (Hong et al., 2020). In
addition to the Pabuk storm that struck the east coast islands of Terengganu in early
2019, tourism activities also contributed to the destruction of coral communities in
Pulau Kapas. Pulau Kapas is renowned for its tourism industry, which promotes water
sports activities such as snorkelling and diving to attract tourists. These activities are
the most popular attractions on the island and have contributed to the annual increase
in tourist numbers (Jaafar & Maideen, 2012). However, improper snorkelling activities
by tourists can physically damage coral reefs, leading to coral mortality and allowing
non-reef-building organisms to colonise reefs (Safuan et al., 2021). Due to the harsh
environmental conditions characterised by strong currents and rough seas, no M.
spinosa individuals could be collected in KT and TJ at that time. This situation may
be attributed to Malaysia being affected by monsoonal systems such as the northeast
and southwest monsoons. The transition period between these systems (southwest to
northeast) occurred in September 2020 (Safuan et al., 2020). The northeast monsoon's
environmental conditions are more intense than the southwest monsoon (Roseli &
Akhir, 2014; Roseli et al., 2015), making it challenging for divers to assess sampling

sites and collect gastropods.
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Based on the overall evaluation done in Pulau Kapas, the diversity of
gastropods within coral reefs on the island is considered low (Table 4.6). This is
unsurprising as only three species of reef gastropods were recorded on the island. The
tourism industry has led to physical damage to coral reef communities by improper
diving and snorkelling. This event has increased coral mortality and caused dead corals
to accumulate (Safuan et al., 2021), resulting in fewer gastropods being found in the
coral areas. When comparing species evenness among sites in Pulau Kapas, KT
exhibited the highest value, approaching complete evenness as both values were closer
to one than those of ST and TJ (Table 4.6). The reef gastropod community in KT was

more evenly distributed and categorised under very good conditions.

5.4.3 Pulau Perhentian

Pulau Perhentian contributed 210 individuals from five species, namely D.
cornus, D. rugosa, M. spinosa, A. marginalba and C. columna (Table 4.7). Drupella
rugosa contributed the most abundant with 140 individuals, followed by A.
marginalba and M. spinosa with 42 and 23 individuals, respectively. During the
survey, Pulau Perhentian exhibited a low percentage of live coral covers due to strong
currents, which severely affected coral reefs (Hong et al., 2020). Although Porites
dominated most sites in Pulau Perhentian compared to Acropora, D. rugosa still
exhibited the highest abundance. This is attributed to the species' dietary flexibility to
shift its preferences from the most favourable corals such as Acropora to less preferred
corals, Porites spp. (Bruckner et al., 2017). However, the abundance of other coral reef
gastropods was lower than D. rugosa, likely due to the severe impact of the Pabuk
storm. This event resulted in a significant percentage (29.28%) of coral mortality with
dead corals predominantly covered by algae (Hong et al., 2020). Coral reef recovery
from tropical storm can take decades to centuries when the physical structures are
severely damaged or other disturbances impede the recovery process (Dixon et al.,

2022).
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Among the sites in Pulau Perhentian, PR2 recorded the highest number of
individuals with D. rugosa dominating the area. PR1 and PRN were also recorded D.
rugosa as the most observed species. Acropora typically constitutes over 50% of coral
composition and plays a significant role in Terengganu's coral formation (Safuan et
al., 2021). However, a decline in the percentage of this genus may be attributed to
physical disturbances such as intense and harsh wave action, making Favia and
Goniastrea corals the second most dominant in Pulau Rawa after Diploastrea (Hong
et al., 2020). Although D. rugosa is observed feeding on small polyps and branching
corals like Acropora, its prey selectivity depends on the relative abundance of coral
species (Hoeksema et al., 2013). Morton and Blackmore (2009) reported a study from
Hong Kong where D. rugosa shifts its diet to encrusting corals such as Favia and
Goniastrea when branching corals are unavailable. Other coral reef gastropod species
observed in Pulau Rawa included D. cornus, M. spinosa and A. marginalba. The
presence and predatory behaviour of these gastropods on coral reefs align with their
classification in the Muricidae family, indicating an adaptation to their prey
consumption (Zainuddin et al., 2024). Cerithium columna was exclusively found in
PR1 as the Cerithiidae family primarily inhabits intertidal areas. Its presence could be
attributed to a dense layer of macroalgae on the coral reef surface. Additionally, strong
wave actions generated by the Pabuk storm that frequently splash across the intertidal
zone may have displaced this gastropod into the coral ecosystems as these storms can

cause it to drift away due to high-energy storm wave environmet (Basir et al., 2022).

Other sampling sites such as DLG, SBL, PSB, TTG and BNS contributed 16,
15, 14, 12 and 6 individuals from Muricidae, respectively. Drupella rugosa was
predominantly found in the coral ecosystem, especially in sites like DLG, TTG and
BNS where Porites spp. was the dominant coral (Hong et al., 2020). Large
aggregations of Drupella were mostly found on the competitively dominant coral taxa
such as Acropora. In addition, this genus offers a larger surface area and higher tissue
content compared to the other coral families. Nevertheless, following a notable
reduction of acroporids due to catastrophic events, Drupella displayed a dietary shift
by extending its prey selection towards subdominant corals genera such as Astreopara,

Montipora and Porites (Bruckner et al., 2017).
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In Seabell, only a few individuals of D. rugosa were observed as the most
dominant coral in this site was Platygyra (Hong et al., 2020). A study by Tsang and
Ang (2019) in Hong Kong found that Platygyra fragments were unattractive to
Drupella gastropods. This corallivore typically prefers temperature-stressed corals
over non-stressed corals (Morton et al., 2002). Despite the higher seawater temperature
during the sampling period (30.09°C), Platygyra’s tolerance to warmer seawater may
explain why Drupella did not prefer this coral genus (Tsang & Ang, 2019).
Additionally, Platygyra possesses defensive tentacles with nematocysts that deter
Drupella predation (Tsang & Ang, 2019). However, environmental stress may impair
nematocyst function, potentially allowing Drupella could break through this defence
and feed on coral (Mcllwain & Jones, 1997). Although only a small number of
carnivorous gastropods such as M. spinosa and A. marginalba were recorded in SBL,
their presence may be linked to the ‘fair’ percentage (22.63%) of invertebrates reported
at this study site (Hong et al., 2020).

The presence of 14 individual gastropods from four species such as D. cornus,
D. rugosa, M. spinosa and A. marginalba were documented in PSB, which is situated
between TBS and TTG. The number of D. rugosa was higher than other species, likely
due to the dominance of Porites spp. in both TBS and TTG. The presence of
corallivorous gastropods also supports the possibility that Porites corals dominate
PSB, given that coral reefs in this area are known to form patchy coral communities
(Tsang & Ang, 2019; Hong et al., 2020). Additionally, a study reported that tropical
coral reefs could flourish under suboptimal environmental conditions that are close to
their tolerance limit (Perry & Larcombe, 2003). In TPH, 10 individuals of D. rugosa
were recorded, indicating the presence of preferred corals in the study area. No coral
reef gastropods were documented in CBY and TTG as both locations are primarily

characterised by boulders and sandy beaches rather than coral reef habitats.

The Shannon diversity index (H’) values for all sites in Pulau Perhentian
suggested that species richness was lower as most values of H” were below 2 (Table
4.8). According to Baharuddin et al. (2019), the H’ value of 1 indicates severe
pollution, values between 1 and 3 indicate moderate pollution and values exceeding 3

suggest no pollution. Therefore, Pulau Perhentian is categorised as moderately



117

polluted. It is important to note that the island is a popular tourist destination.
Therefore, anthropogenic pressures from tourism development contribute to
sedimentation and nutrient enrichment through river runoff from the mainland and
wastewater discharge, influencing coral reef dynamics in the study area (Safuan et al.,
2021). Among all the study sites in Pulau Perhentian, PRN recorded the highest
diversity values (H'=1.494, D=0.750, Ma=1.542 and Me=1.512). Although PRN had
the second lowest number of individuals, it recorded a higher number of species with
four out of the five species found in Pulau Perhentian. The muricid gastropods found
in PRN are known to inhabit a wide range of coastal and marine habitats, including
coral reefs. Based on surveys done during the study, TPH also contributed a higher
proportion of favourable branching coral reefs, which consequently contributed to a
greater abundance of gastropods (Pisapia et al., 2020). Therefore, the occurrence of
these gastropods in TPH is justifiable. However, gastropods tend to exhibit cryptic
behaviour, mak them more difficult to detect and may result in their low observed
abundance (Shin & Allmon, 2023). The findings suggest that the community structures
of gastropods across sites in Pulau Perhentian are relatively similar. This result
indicates that when a community contains many species of a similar type, it tends to

exhibit a higher level of diversity (Baharuddin et al., 2019).

5.4.4 Pulau Redang

In Pulau Redang, 177 individuals from four species of coral reef gastropods
were identified (Table 4.9). Among these species, D. rugosa stood out as the most
abundant with 112 individuals, making up a significant proportion of the overall
samples compared to A. marginalba, M. spinosa and A. rhodostomum. Drupella
rugosa 1s known for its widespread presence and commonly found in coral reef
ecosystems (Cumming, 2009). According to observations made during surveys, Hong
et al. (2020) documented that the most abundant corals found in Pulau Redang were
Acropora (34.37%), Porites (15.81%), Fungia (15.40%) and Pocillopora (13.63%).
Kim (2013) also reported that D. rugosa preferred branching corals, particularly
Acropora, followed by Pocillopora and Montipora. In 2016, researchers from
Universiti Malaysia Terengganu (UMT) documented a significantly higher count of

401 D. rugosa individuals at similar current study sites, including Chagar Hutang (CH)
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and Mak Simpan (MS) or Mak Cantik (MC) (Baharuddin et al., 2017). However, the
Pabuk storm was detected in the southern South China Sea and Peninsular Malaysia,
with Terengganu experiencing its aftermath in early January 2019 (Shariful et al.,
2020). Tropical storms are among the most severe physical disturbances to coral reefs
(Lugo-Fernandez et al., 2004), primarily due to the intense winds generated by Pabuk,
resulting in severe damage to coral ecosystems. This damage included the breakage of
branching corals, dislodgment, the removal of large reef colonies and sediment burial,
ultimately leading to coral mortality (Beeden et al., 2015; Safuan et al., 2020). Findings
by Lee et al. (2020) indicated that some sites in Pulau Redang experienced a decrease
in live coral cover including branching corals, following the impact of the Pabuk
storm. Hence, this scenario has notably affected D. rugosa, which primarily preys on
branching coral. The observed decline in this population is likely due to the depletion
of food and shelter caused by the tropical storm in this coral ecosystem (Zainuddin et
al., 2024). Moreover, the aftermath of such disasters can trigger intraspecific
competition among D. rugosa adults for limited resources (Zainuddin et al., 2024). In
this context, the dominance of adult individuals over the limited food and space
sources may result in higher mortality rates among juveniles and intermediates. It is
also worth mentioning that D. rugosa typically lays its egg capsules on exposed coral
skeletons (Sam et al., 2017). However, the coral disruption caused by the Pabuk
disaster is likely to affect the reproductive behaviour of this corallivore as the altered
post-storm environment may not provide suitable conditions for them to reproduce

during their spawning months (Zainuddin et al., 2024).

Arakawania marginalba was the second most abundant species discovered in
Pulau Redang with 43 individuals. The distribution and abundance of 4. marginalba
are patchy and commonly occur at low intertidal habitats where prey availability is
highest (Moran, 1985). In addition, the presence of 4. marginalba extends beyond
intertidal zones to various depths within tropical and subtropical oceans, including
environments such as coral reefs (Cahyadi et al., 2021). However, the Pabuk storm
striking Pulau Redang may have caused certain gastropod species to be crushed or
washed away by massive storm waves. As a result, this natural event can induce shifts
in local biodiversity and potentially alter biological habitat provisions such as coral

reefs (Basir et al., 2022). Most of 4. marginalba were found in TK, amounting to 31



119

individuals. This muricid whelk has been observed to avoid unfavourable
environments such as strong wave exposures. TK had the highest percentage of most
favourable coral branches for gastropods such as Acropora and Pocillopora compared
to KB and PL (Hong et al., 2020). Therefore, they tend to seek refuge and shelter
within branching corals due to the structural complexity and increased spaces among
the branches, which play a crucial role in offering protection against predators

(Samsuri et al., 2018).

Observations of M. spinosa in Pulau Redang were limited to just 12
individuals, attributed to the fact that this carnivorous gastropod primarily feeds on
alternative prey sources such as carrion, polychaetes and small molluscs (Barco et al.,
2010). Although Lee et al. (2020) observed a reduction of preferred corals as an
outcome of the Pabuk storm, the abundance and population of M. spinosa do not solely
depend on the coral reef ecosystems (Moerland et al., 2016). This stems from the fact
that the species does not exclusively rely on coral reef consumption, demonstrating its
capability to utilize alternative prey sources (Titlyanov & Titlyanova, 2009). Astralium
rhodostomum from the Turbinidae family is recognised as a prominent algae-eating
gastropod in reef ecosystems and was predominantly found in Pulau Lima. This is
attributed to Pulau Lima having a high percentage of algae-dominated coral area
coverage (>85%) compared to KB (52%) and TK (59%) (Lee et al., 2020). No
gastropods were observed in CH and MC due to a significant decline in live coral cover

following the Pabuk storm (Lee et al., 2020).

In regard to species diversity in Pulau Redang, the ecological indices derived
suggest that the diversity of gastropods was relatively low (Table 4.10). The Shannon
index can be interpreted according to the classification mentioned by Zainuddin et al.
(2024). A value below 1 indicates significant pollution, a value between 1.0 and 3.0
suggests moderate pollution, while a value above 3.0 represents a non-polluted
environment. Based on this index, Pulau Redang is categorised as moderate pollution.
The diversity analysis may have been influenced by natural physical disturbance,
which caused damages and led to subsequent declines in coral reef populations (Lee
et al., 2020). However, at both PL and TK in 2020, the Evenness (J’) and Equitability
(Ep) indices indicated a high level of species evenness (Table 4.10). Gastropods from
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the Muricidae family often aggregate together to conserve water and body moisture,
thereby preventing dehydration (Zhang et al., 2016). Therefore, these behavioural
traits aid murex snails to adapt and survive in challenging environments (Baharuddin

et al., 2018).

5.4.5 Pulau Tenggol

In Pulau Tenggol, it was observed that species from the genus Drupella, D.
rugosa had the highest number of individuals (35) compared to other coral reef
gastropods. Meanwhile, C. coralium recorded only one individual (Table 4.11). LW
and SN exhibited the highest abundance of D. rugosa compared to TP, TR and RJ,
with the coral reef ecosystems being dominated by the Porites (Hong et al., 2020).
Drupella's feeding preferences have been observed to adapt based on the relative
abundance of different coral taxa (Morton & Blackmore, 2009). Although D. rugosa
is noted to be less attracted to Porites spp., these corallivores are recognised as
generalist predators capable of shifting their diet in response to changes in the
availability of their preferred coral prey, especially when their preferred corals are
absent or have declined due to catastrophic disturbances (Hoeksema et al., 2013). This
behaviour has also been demonstrated in a study conducted in the Maldives, where
researchers observed that most D. rugosa tended to aggregate on less preferred corals

such as Porites when their preferred corals were not available (Bruckner et al., 2017).

Other gastropod species such as D. cornus and A. marginalba were
predominantly observed in LW, where the Acropora spp. was the second most
abundant coral species in the area (Hong et al., 2020). The complex structures of
Acropora corals provide ample hiding spaces for gastropods to avoid predators and
also offer a high percentage of living tissue for corallivores to feed on. The presence
of C. violacea in both TR and LW highlights its ecological preference for slow-
growing corals such as Porites spp. (Oren et al., 1998) as this coral exhibited the
highest percentage among all reefs in these two sites (Hong et al., 2020). Cerithium
coralium was exclusively found in SN where the percentage of algae dominating coral

reefs was the highest among all sites in Pulau Tenggol (Hong et al., 2020). However,
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limitations arose in surveying some sites due to strong currents during the sampling
period. Consequently, the uneven distribution of sampling sites around Pulau Tenggol

resulted in the collection of gastropods.

The results of the present study suggested that the low number of species led
to low diversity and richness of coral reef gastropods in Pulau Tenggol (Table 4.12).
Although the coral reefs in Pulau Tenggol were reported to be among the healthiest
(Hong et al., 2020), this condition does not necessarily promise high gastropod
diversity. Pulau Tenggol is a popular island with deep water that attracts more
megafauna such as whale sharks, than other islands. The environmental conditions
surrounding the island are naturally harsher compared to other marine protected
islands in Terengganu. Therefore, these conditions limited gastropod collection

efforts, resulted in the low species diversity and richness observed.

5.4.6 Pulau Yu Besar and Pulau Yu Kecil

Four species of gastropods from Muricidae family were found in both Pulau
Yu Besar. The results can be observed in Table 4.13 and Table 4.15. At both locations,
D. rugosa was the predominant gastropod species observed with higher abundances
recorded at S1 (Pulau Yu Besar; 14) and S3 (Pulau Yu Kecil; 39), respectively. This
observation suggests that S1 and S3 had a higher percentage of coral reefs, particularly

Acropora genus (Bachok et al., 2021).

In Pulau Yu Besar, species such as D. cornus and A. marginalba were
predominantly observed in S1. This occurrence is attributed to the reef conditions in
the area, which were categorised as 'fair' with live coral cover ranging from 50% to
25% (Rizmaadi et al., 2018). The live coral cover percentage evaluation follows the
methodology outlined in the ASEAN-Australia Living Coastal Resource Project
(Chou et al., 1994). Although D. rugosa is recognised as a prominent species within
coral reef ecosystems, only four individuals of this ectoparasitic gastropod could be
found at Station 2 of Pulau Yu Besar. This occurrence may be attributed to the high

percentage of dead corals in the area, reaching up to 50% (Bachok et al., 2021).
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Furthermore, gastropods were absent in S3 of Pulau Yu Besar due to adverse
environmental conditions characterised by rough waves, making it challenging for

divers to collect specimens during the sampling period.

Meanwhile in Pulau Yu Kecil, S3 recorded the highest number of individuals
due to its highest percentage of live coral cover (44%) and the lowest percentage of
dead corals (14%). In contrast, S2 had the lowest number of gastropods, possibly due
to the highest percentage of coral mortality (Bachok et al., 2021). The presence of the
same species in both Pulau Yu Besar and Pulau Yu Kecil could be explained by the
close proximity between the two islands. Arakwania ceylonica contributed only a few
individuals and this species is commonly found in the intertidal areas (Ghatpande et
al., 2024). Although storms did not directly affect the organisms during sampling, the
disaster event could alter the surrounding area by changing wave height (Corte et al.,
2017). The occurrence of A. ceylonica in coral reef ecosystems is likely due to strong-
storm generated waves which may have drifted away the gastropods and led them to

inhabit new habitats (Basir et al., 2022).

In Table 4.14 and Table 4.16, the diversity of coral reef gastropods in Pulau
Yu Besar and Pulau Yu Kecil represents a low category with A’ values < 2.0. The low
diversity of gastropods could be attributed to their patchy distribution pattern within
coral reefs as some gastropods were difficult to locate in each coral colony along the
transect (Bachok et al., 2021). Additionally, the limited spatial scales of the islands
reduce habitat heterogeneity, which is necessary for supporting greater species
diversity and increase the possibility of encountering the same dominant species across
the islands (Chase et al., 2019; Loke et al., 2022). However, the higher species richness
and evenness of gastropods could be explained by the presence of branches of coral in
both islands as a shelter for them (Stella et al., 2022). Despite low species diversity,
localized habitat conditions significantly influenced community composition and
abundance as the complex reef structure provided more microhabitats for them,
thereby promoting greater species coexistence (Tsafack et al., 2019). Therefore, the
findings from Pulau Yu Besar and Pulau Yu Kecil demonstrate that factors such as

live coral cover, reef complexity and exposure to environmental stressors such as wave
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energy strongly influence the coral reef gastropods community (Seinor, 2020;

Barrientos-Lujan et al., 2021; Kamerman, 2023).

5.5 Shell metric and biomass among islands

From the result of Table 4.17, the length of gastropod individuals in the study
areas was measured, yielding mean values for shell length, dry weight and condition
index. Shell length was used to determine the growth and age structure of the gastropod
community. A positive correlation between shell length and width indicates isometric
growth for gastropods, whereby the shell width increases proportionally with shell
length (Allsay & Dwi, 2023). According to Saponari et al. (2021), gastropod age was
categorised based on shell lengths; recruit (<10 mm), juvenile (10-20 mm) and adult
(>20 mm). Although the mean shell length of DRG and AMG in all sampling stations
indicated that the snail population was mainly composed of adults, both species at PTG
recorded longer shell lengths than those at other Terengganu marine protected islands
with mean values 0of 31.55 +3.27 mm and 29.87 = 5.34 mm, respectively. In conditions
of limited resources such as reduced coral cover for food and shelter following the
Pabuk storm event, the gastropod aggregations may lead to an intraspecific
competition where size-dependent density favours better competitors (Saponari et al.,
2021). This could significantly affect population structure. Thus, DRG and AMG
adults in PTG may be considered superior competitors, dominating resources and

potentially causing juvenile mortality more than in other islands.

In addition, MRS and DCR were observed at nearly all sampling stations except
in PRD, PKS, PTG and PYB. Meanwhile, ACY was only found in PYB and PYK.
When comparing species, the shell length of MRS and ACY from PYK and DCR from
PBD were the longest with values of 25.17 £ 2.96 mm, 74.39 mm and 40.72 + 2.33
mm, respectively. According to Haumahu et al. (2020), the growth of an organism can
be measured by increments in length and weight. They also stated that the growth of
organisms can be measured through length frequency distribution to estimate their age
cohorts. In addition, the shell length dimensions are influenced by the condition of the
substrate in the waters (Tebiary et al., 2022). Therefore, the overall coral cover in PYK

and PBD could be considered in ‘fair’ condition, although the Pabuk storm had
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impacted the east coast islands in Terengganu. However, Tebiary et al. (2022) also
mentioned that water conditions with high pollution levels can still lead to a reduction
in shell size. Consequently, environmental factors including the movement of water
currents are known to reduce the body size of gastropods due to the absence of

protected areas.

Dry weight is a representative measure for estimating the total biomass of
mollusc population. The highest dry weight for each species was observed with
DRG=4.97+1.76 g, AMG=2.19 + 0.49 g, MRS=2.74 0.91 g, DCR=13.84 + 4.23 g and
ACY=61.85 g, respectively. The biomass of gastropods in waters is influenced by
biotic and abiotic environments as well as the gastropod's tolerance to environmental
factors (Fadliyah et al., 2021). Gastropod biomass may be higher when organic matter
is available during the sampling period. This is likely due to surface runoft and
drainage that occurred before sampling, introducing a significant amount of organic
matter and nutrients, which in turn supported the proliferation of benthos biomass
including gastropods (Dhivaharan, 2021). The condition index (CI/) is used to measure
the ecophysiological aspects, summarising physiological activity such as growth,
reproduction and mortality under given environmental conditions (Baharuddin et al.,
2017). The CI remained steady for the gastropod species, suggesting that DRG, AMG,
MRS, DCR and ACY were under the ‘thin’ category of fatness. This may be due to their
gonads being in a resting state or undergoing the gametogenesis phase (Baharuddin et

al., 2017).

Compared to ARD, CCL and CVL, CCR exhibited a longer shell length. This is
probably due to its high-spired shells, which offers better protection from rough wave
conditions. The dry weight of CCR was also the highest among these species at 10.28
g, possibly due to the abundance of preferred food for cerithiid gastropods in PTG.
However, CCR had the lowest condition index with 1.04. According to Lah et al.
(2019), the condition index can be used to monitor the maturation or spawning
development of molluscs. The C7 values tend to decline during the spawning season
as reproductive activities are biologically demanding and require a significant amount
of energy. Molluscs typically store energy in the form of lipids before spawning to be

used during spawning activity. These lipids play a crucial role in gonadal tissue



125

maturation. As a result, lipid levels are notably higher in gonads or storage tissues

before spawning but decline after the spawning season (Lah et al., 2019).

5.6 Shell metric and biomass within islands

When comparing shell metrics and biomass of gastropods at coral reefs in
Pulau Bidong, DRG from PPK recorded the highest values for shell length, dry weight
and condition index, despite having fewer individuals than PPC (Table 4.18). This
pattern is probably due to the coral reef at PPK providing a more sheltered
environment, which may allow the gastropods to grow larger due to less disturbances
(Seinor et al., 2020). In addition, the higher dry weight and condition index of
individuals from PPK could reflect a sufficient nutrient supply in their food before the
sampling period. Similarly, the longer shell length, heavier dry weight and higher
condition index of DCR in DLT could be attributed to the effects of Pabuk storm,
which severely damaged coral and left exposed coral tissue (Safuan et al., 2020).
Therefore, this condition may have allowed DCR to assess food resources more

efficiently.

Based on the results in Table 4.19, the shell length, dry weight and condition
index of coral reef gastropods in Pulau Kapas were assessed. Despite having the fewest
individuals among DRG and AMG, both species from TJ exhibited the longest shell
length and heaviest dry weight. The depletion of coral reefs in Pulau Kapas may have
contributed to the declining number of gastropods (Hong et al., 2020). This decline
could reduce intraspecific competition among DRG and AMG in TJ as such
competition actually can lead to uneven resource partitioning. Uneven resource
partitioning can reduce the reproduction, survival and growth rate (Uchmanski et al.,
2018). Consequently, the absence of conspecifics reduces competition for limited food
and space, allowing gastropods to allocate available resources more efficiently towards
growth and biomass. The condition index of DRG in Pulau Kapas remained steady as
their gonads were at rest or poorly developed (Fernandez et al., 2016). In contrast, the
condition index of AMG was higher in BT due to optimal environmental conditions

such as favourable temperature, salinity and better food availability compared to the
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other study sites (Collin & Ochoa, 2016). The higher shell length of MRS in TJ (>20
mm) suggests that most individuals were adults (Saponari et al., 2021). However, their
dry weight was low possibily due to unfavourable conditions such as low nutritional
resources (Dhivaharan, 2021), while the low condition index may be attributed to

spawning activities (Bahtiar et al., 2023).

Table 4.20 showed that DRG in Pulau Perhentian exhibited differences in shell
length and dry weight, while no significant difference was observed in condition index.
Among 11 sampling sites in Pulau Perhentian, DRG from DLG recorded the highest
shell length, followed by TPH. Although DLG and TPH did not have the highest
number of gastropods, the lower availability of preferred food resources such as
Acropora spp. may have triggered intraspecific competition (Zhang et al., 2024).
According to Zainuddin et al. (2024), the dominance of adult individuals over limited
preferred coral may lead to increased mortality of juveniles and intermediates.
Therefore, the presence of only adult individuals in DLG and TPH could explain the
higher shell length. The heaviest dry weight of DRG was recorded in SBL and DLG.
This observation may be linked to the dominance of adults for DRG as adults generally
exhibited higher metabolic rates that contribute to greater dry weight (Cozzoli et al.,
2020). The CI values of DRG across Pulau Perhentian sampling sites were relatively
consistent, suggesting that the gastropods were well-adapted to environmental
fluctuations and not under stress (Baharuddin et al., 2017). Similarly, the shell length,
dry weight and condition index of AMG were relatively constant, considering the
species’ ability to adapt to various microhabitats. Its slender shell shape also helps in
survival under harsh environmental conditions (Baharuddin et al., 2018). Higher shell
metric and biomass values for DCR and MRS were still observed in PSB due to the
‘fair’ condition of coral reefs that support their growth (Lei et al., 2022). Although
only a single individual of CCL was found in Pulau Perhentian, it was classified as an

adult, indicating that the species can adapt to environmental conditions in PR1.

In Pulau Redang, species such as ARD notably exhibited the highest values of
shell length and dry weight (Table 4.21). The cone-shaped shell of this species is
considered an adaptation that enhances their survival in adverse environments,

including intense winds generated by the Tropical Pabuk Storm (Zainuddin et al.,
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2024). The higher dry weight and condition index of ARD reflect good health, and
their reproductive cycle was supported by abundant nutritional resources (Li et al.,
2011). Compared to DRG from TK and KB, individuals from PL displayed the longest
shell length and heaviest dry weight. Although TK had the highest percentage of
Acropora corals, Lee et al. (2020) reported that the coral species in PL were the
healthiest with new coral colonies actively growing in that area. This suggests that
healthier corals in PL supported better growth and biomass accumulation in
gastropods. However, the steady C/ of DRG across all study sites indicates that stable
water quality and salinity may positively influence the ecophysiological condition of
gastropods (Marsden & Baharuddin, 2015). The abundance of branching corals in KB
may have contributed to the high value of shell length and dry weight as these corals
provide shelter from predators, suitable living space and increased food availability
for gastropods (Hong et al., 2020). The highest condition index of MRS in KB is likely
due to less competition from conspecifics. This reduced competition may have allowed
greater access to nutrients, thereby supporting gonadal development and sexual

maturation in gastropods (Mérot & Collins, 2012).

From Table 4.22, DRG and DCR from RJ and TP recorded the highest shell
length values compared to individuals in SN and LW. According to a survey by Hong
et al. (2020) on coral reefs in Pulau Tenggol, the highest percentage of live coral cover
was observed in RJ, while the coral reefs in TP were classified as being in ‘fair’
condition. These conditions provide an ideal environment for gastropods to live
comfortably and support their growth. The higher dry weight and condition index of
DRG and DCR in TP could also be attributed to reef conditions. Although Hong et al.
(2020) stated the coral condition in TP as ‘fair’, a survey conducted by Reef Check
Malaysia (2020) earlier in same year reported that coral reefs in TP were in ‘good’
condition. Given the close timing of these surveys, gastropods may have already
assessed to good food quality during the sampling period. The shell length and dry
weight of CVL in TR were higher than in LW. The good health of Porites corals in TR
likely contributed to higher-quality reef tissue content as Hong et al. (2020) reported
that the island experiences minimal disturbances and low human activities, resulting
in a higher percentage of coral cover. However, the condition index of CVL in LW was

higher than TR, possibly due to gonads or storage tissues of gastropods being in a
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mature and well-developed stage (Lah et al., 2019). The shell length, dry weight and
condition index of AMG in LW were also relatively high. This may be due to the
species’ slender shell shape that allows them to survive in harsh environments and
navigate more tight spaces, thereby improving their ability to find abundant food
resources for development (Baharuddin et al., 2018). The shell metric and biomass of
CCR in SN were considered high, suggesting that the gastropods were not

experiencing stress.

Table 4.23 showed the shell metrics and biomass of gastropods inhabiting the
coral reefs in Pulau Yu Besar. The highest values of shell length, dry weight and
condition index of DCR were still observed in S2. Interestingly, although S2 had the
highest percentage of coral mortality caused by the Pabuk storm event, it is possible
that DCR developed their size and biomass when corals were still abundant before the
disturbances. This conclusion supported by Bachok et al. (2021). who documented the
coral percentage in Pulau Yu Besar one year after the natural event. No significant
differences in shell length suggested that DRG in S1 and S2 may belong to similar sub-
populations, resulting in comparable shell length. The constant dry weight and
condition index of DRG also indicate that the population of this species was not under
stress (Baharuddin et al., 2017). AMG and ACY in S1 exhibited the longest shell length,
heaviest dry weight and condition index as S1 had the most abundant and healthiest
coral reefs. These conditions provided better food availability and fostered the

gastropod’s growth and development (Haumahu et al., 2020; Baharuddin et al., 2019).

Lastly, DCR and MRS from S1 exhibited the highest values for shell length,
dry weight and condition index compared to the individuals from S2 and S3 in Pulau
Yu Kecil (Table 4.24). Although S1 had the lowest percentage of live coral than S2
and S3, the low sedimentation levels in Pulau Yu Kecil might significantly impact on
shell metrics and biomass (Reef Check Malaysia, 2020). According to Risk and
Edinger (2011), sedimentation can reduce species richness, hinder coral growth rate
and lead to partial or complete mortality in the coral ecosystem. Therefore, the low
sedimentation levels in Pulau Yu Kecil contributed significantly to the enhancement
of shell metrics and biomass. The considerably higher shell length, dry weight, and
condition index for DRG, ACY, and AMG in Pulau Yu Kecil may also be attributed to
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the island’s better live coral cover than Pulau Yu Besar, supporting the growth and

survival of gastropods (Reef Check Malaysia, 2020).

5.7  Feeding guilds of coral reef gastropods

Percentage of feeding guilds among islands

In Terengganu marine protected islands, three types of feeding guilds were
identified for coral reef gastropod communities: corallivorous, carnivorous and
herbivorous (Figure 4.23). For the corallivorous category, PPH reported the highest
percentage with 28.40%, compared to other islands (Figure 4.23). Apart from Porites
dominated the island, PPH contributed a significant number of corallivores as the
island has covered more than 10 sites compared to other islands. Consequently, the
higher number of sampling sites may contribute to a higher number of gastropods,
particularly corallivores. However, a larger aggregation of corallivorous gastropods
may negatively affect coral health, resulting in a decline of live coral cover (Gautrand
et al., 2023). Based on Figure 4.23, PPH and PRD recorded 35.14% and 29.73% as
both islands had a higher number of carnivorous gastropods with 65 and 55
individuals. The presence of carnivorous gastropods may also serve as a form of
biological control by preying on juvenile Drupella individuals (Ruan, 2021). The
herbivorous gastropods were only observed in PRD, PPH and PTG (Figure 4.23). The
higher presence of herbivorous gastropods in PRD compared to the other islands is
due to the higher algae coverage dominating the coral surfaces. A study conducted in
the Caribbean by Henry et al. (2019) demonstrated that herbivorous gastropods can
enhance sexual propagation efficiency of Acropora cervicornis by slightly reducing
algae growth on coral and promoting coral resilience. Therefore, a higher presence of
algae grazers may have facilitate the removal of turf algae with minimal physical
damage to coral recruits. Although herbivorous snails alone may not effectively
control algae growth in natural systems, however native herbivores such as Diadema
antillarum could eventually be propagated into more holistic coral reef restoration

efforts (Henry et al., 2019).
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Percentage of feeding guilds within islands

The percentage of feeding guilds for gastropods such as corallivores was the
highest on each island (Figure 4.24). PPH and PRD contributed to the highest
percentage of corallivores with 20.45%. and 15.91%, respectively. In recent years,
corallivores have increasingly threatened the coral reefs with aggregations of
ectoparasitic gastropods such as Drupella spp. becoming the significant obstacles to
conservation efforts to protect degraded coral ecosystems (Lei et al., 2022). The prey
preferences of Drupella gastropods vary in sampling sites according to the abundance
and availability of coral prey. In this study, the possibility of a high occurrence of
corallivorous gastropods is due to the presence of the family Acroporidae known as
meaty and nutrition-packed coral for these gastropods (Lei et al., 2022). The coral reef
gastropods will also be more abundant in stations with relatively high coral cover than
in stations with low coral coverage. This finding was consistent with the theory of
optimal foraging, which assumed that predators fed in such a way as to trade-off

between the alternative available coral prey abundances (Cumming, 2009).

The percentage of carnivorous gastropods was higher in PPH and PRD, with
9.23% and 7.81%. Most carnivorous gastropods found on both islands were from the
Muricidae family. According to de Carvalho-Souza and Gonzalez-Ortegon (2022),
Muricidae is one of the prominent family for carnivorous snails that utilize a
specialized shell-drilling ability to assess their prey. The highest presence of
carnivorous gastropods in PPH to feed on small molluscs such as corallivorous
juveniles could be used as a biological control. This is because some organisms can
act as predators or competitors of Drupella snails, helping to control their population
(Zhang et al., 2024). In addition, the presence of herbivorous gastropods could be
recorded in PPH, PRD and PTG. PRD had a higher percentage of this feeding guild of
gastropods than other stations. Apart from a relatively higher algae coverage in PRD,
the presence of algae-grazing gastropods such as A. rhodostomum in PRD could also
be supported by the distribution behaviour of this species. As Sanpanich and Duangdee
(2018) stated that the turbinid gastropod species was commonly found around coral
reef ecosystems. This evidence could be supported by the researchers' observation that
A. rhodostomum was the third most widespread molluscan found in coral areas of the

Mergui Archipelago after pearl oysters and muricid gastropods.
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5.8 Management and strategies to address corallivorous gastropods, Drupella
Spp-

The selective and adaptable feeding habits of coral predators such as Drupella
spp. exert a significant impact on the coral ecosystem, leading to shifts in coral
communities. During initial outbreaks of corallivorous gastropods, the researchers
observed that Drupella exhibited a strong preference for branching corals over massive
forms (Saponari et al., 2021). This selective predation contributed to alterations in
coral compositions and diversity (Lachs et al., 2019). Therefore, controlling
corallivorous gastropods and mitigating their impacts on the coral reefs requires a
comprehensive approach. Effective management strategies are essential to minimize

the risk of outbreaks and protect coral ecosystems.

The strategies should aim to enhance coral reef health by reducing human
activities. Reducing anthropogenic impacts and improving coral reef health is
imperative to mitigate future outbreaks of corallivorous gastropods and sustain the
resilience of coral communities (Zhang et al., 2024). For example, research on the
Great Barrier Reef has shown that improving water quality through the reduction of
activities such as agricultural runoff can decrease the macroalgae cover and increase
the richness of hard corals (Déath & Fabricius, 2010). Terengganu Marine Park (TMP)
islands such as Pulau Perhentian, Pulau Redang, Pulau Kapas, Pulau Tenggol, Pulau
Yu Besar and Pulau Yu Kecil boast rich coral reef ecosystems but face challenges from
local disturbances that significantly affect reef health (Akmal et al., 2019; Safuan et
al., 2021). Establishing marine protected areas (MPAs) is crucial for marine
conservation as they benefit both coastal communities and coral reef ecosystems by
preserving essential ecosystem functions (Graham et al., 2011). However, Safuan et
al. (2021) stated that non-TMP islands such as Pulau Bidong boast healthier reefs than
TMP islands like Pulau Perhentian. Furthermore, the Department of Marine Park 2016
reported a rising trend in tourist arrivals to Pulau Perhentian, increasing from 123,159
in 2005 to 244,762 in 2015. This surge in tourism has led to the development of various
infrastructures on the island (Nasir et al., 2017). Rees (1992) and Islam et al. (2013)
emphasised that the development in marine park areas should be strictly controlled to
prevent degradation of coral reefs. Therefore, the local government is responsible for

enforcing regulations and managing tourism-related infrastructures by limiting
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tourism activities on TMP islands (Safuan et al., 2022). In addition, protecting coral
reef fishes, particularly herbivorous can efficiently control macroalgae growth on coral
surfaces, thereby enhancing coral resilience to corallivore predation (Kamalakannan

et al., 2014; Sheppard et al., 2023).

Biological control methods offer another strategy to manage coral predators,
whereby certain organisms act as natural predators to corallivores. For example, the
coral guard crabs (7rapezia spp.) which are commonly found inhabiting Acropora
corals exhibited territorial behaviour against Drupella rugosa with Trapezia cymodoce
reducing D. rugosa feeding rates by 22.9% (Samsuri et al., 2018). However, the other
crustaceans such as Alpheus lottini and Cymo andreossyi were more effective coral
defenders due to their larger pincers that can crush Drupella shells. The giant triton
snail (Charonia tritonis) is a predator of harmful corallivorous organisms such as
crown-of-thorns starfish (CoTS) (Bose et al., 2017; Ratianingsih et al., 2017). The
Australian government has allocated $568,000 to study the reproductive biology of
giant triton snails, leading to the successful breeding of 100,000 juveniles intended for
use in the biological control of harmful corallivores, including gastropods (Chadwick,
2017). Nonetheless, biological control must be approached cautiously with thorough

assessment to prevent potential ecological disasters in coral reef ecosystems.

Manual removal is another management method for controlling corallivorous
gastropods. This includes the removal of both adult and juvenile individuals (Zhang et
al., 2024). It is also recommended to inspect exposed coral skeletons to detect and
eliminate Drupella egg capsules, thereby reducing the potential of population
outbreaks. Sam et al. (2017) reported that a single female Drupella rugosa can deposit
an average of 52 egg capsules, each containing 67 embryos. This ectoparasitic
gastropod could produce 3484 embryos per spawning event. In Japan, the scientists
implemented an extermination program targeting corallivorous gastropods before the
spawning season (Kitamura et al., 2022). As a result, Japan successfully maintained a
high density of Acropora population despite being more susceptible to cold
temperatures (Zhang et al., 2024). In Thailand, volunteer divers manually removed
14000 Drupella individuals, reducing their density from 7.9 ind/m2 in 2010 to 5.6

ind/m2in 2011 (Scott et al., 2017). However, manual removal only provides temporary
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relief from the destruction caused by corallivorous gastropods. This approach cannot
solve the issue fundamentally as it is costly and limited by operational depth, making

it impractical to remove gastropods in deeper waters (Zhang et al., 2024).



CHAPTER 6

CONCLUSION AND RECOMMENDATIONS

The checklist of gastropods found within coral areas in Terengganu of
Peninsular Malaysia is still in an inchoate state. Many marine protected islands in this
state are underexplored for their gastropod diversity. To date, this study has
contributed to discovering important information on gastropods inhabiting corals in
Terengganu marine protected islands by assessing species diversity, shell metrics,
biomass and feeding guilds of gastropods. Overall, the diversity of coral reef
gastropods was low with Shannon-Wiener index values below 1.5. The identified
gastropod comprises several species such as A. rhodostomum, C. coralium, C.
columna, C. violacea, D. cornus, D. rugosa, M. spinosa, A. ceylonica and A.
marginalba. Drupella rugosa was the most abundant gastropod to be found. Shell
metric and biomass values varied between the islands. Notably, the majority of coral
reef gastropods were classified as corallivores, highlighting their potential ecological

impacts on coral communities.

This study also emphasizes that shell characteristics through length
measurement is a very interesting research topic that needs to be highlighted in the
ecological research of coral-associated gastropods in Terengganu, Peninsular
Malaysia. Some factors including natural and anthropogenic disturbances can
influence the dynamics of coral ecosystems in marine protected islands. Investigating
this topic can provide insight into how gastropods inhabited corals respond to these
factors. In addition, the knowledge of feeding guilds also provides essential
information on coral reef gastropods to attain a profound understanding of the roles of
this malacofauna especially corallivorous during the phases of coral mortality and

recovery in Terengganu marine protected islands.
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Such data and information aid local authorities such as the DoFM and
stakeholders in improving conservation strategies for marine protected areas by
ensuring sustainable management of coral reefs to reduce outbreaks of corallivores.
This research also encourages local communities in Terengganu, especially fishermen
and tourism operators to engage in sustainable practices that minimize damage to coral

reef ecosystems.

For future research, nighttime sampling is strongly recommended as
gastropods are nocturnal and more active at night. This approach may yield more
comprehensive insight into their diversity and behaviour. In addition, future research
should explore ecological aspects such as niche aggregations, interspecific and
intraspecific competition, and microhabitat preferences. These investigations would
help to clarify the ecological roles and spatial distribution of coral reef gastropods in
Terengganu marine protected islands. Lastly, environmental parameters focusing on
ocean acidification such as pH, Dissolved Inorganic Carbon (DIC) and partial pressure
of carbon dioxide (pCO2) should be taken in the future to correlate the relationship
between species occurrence and distribution. Long-term monitoring on coral-
gastropod interactions under controlled and natural conditions could enhance the

knowledge base and improve conservation initiatives.
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APPENDICES

Appendix 1: Overall checklist of coral reef gastropods in all stations

No Family Genus Species PBD PKS PPH PRD PTG PYB PYK
1 Turbinidae Astralium Astralium rhodostomum - - - + - - -
2 Cerithiidae Cerithium Cerithium columna - - + - - - -
3 Cerithiidae Cerithium Cerithium coralium - - - - + - -
4 Muricidae Coralliophila  Coralliophila violacea - - - - + - -
5 Muricidae Drupella Drupella cornus + - + - + + +
6 Muricidae Drupella Drupella rugosa + + + + + + +
7 Muricidae Morula Morula spinosa + + + + - - +
8 Muricdae Arakawania Arakawania ceylonica - - - - - + +
9 Muricdae Arakawania Arakawania marginalba + + + + + + +
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Appendix 2: Feeding guilds of coral reef gastropods

A) Percentage of feeding guilds among islands.

168

Feeding guilds (%) PPH PRD PKS PTG PYB PYK PBD
Corallivorous 28.40 22.09 7.50 9.47 3.94 8.28 20.32
Carnivorous 35.14 29.73 9.73 2.16 3.24 15.68 4.32
Herbivorous 8.33 83.33 - 8.33 - - -

B) Percentage of feeding guilds within islands.

Stations Corallivorous Carnivorous Herbivorous
PBD 14.63 1.14 -
PKS 5.40 2.56 -
PPH 20.45 9.23 0.14
PRD 15.91 7.81 1.4
PTG 6.82 0.57 0.14
PYB 2.84 0.85 -

PYK 5.97 4.12 -
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Abstract. The global deterioration of coral reefs has prompted research to comprehend the warious
impacts on coral’s organisms as well as the interactions between reefs and their natural predators, coral
grazing marine gastropods. However, the status of marine gastropods on Pulau Redang Marine Park is
lacking. The study assessed marine gastroped diversity and shell morphometrics as indicators of the
coral reef health ecosystem. SCUBA divers laid out a coral belt transect line of 50 m x 10 m at five sites.
177 individuals frem four species of two families (Turbinidae and Muricidae; subclasses Vetigastropoda
and Caenogastropoda) were collected at other locations. The highest number of individuals belonged to
Drupalla rugesa with 112 individuals, and the lowest number was Astralium rhodostormum. For the
studied of marine snails, the Shannon index of diversity was H'=0.9 (<2} and the Simpson index of
dominance was D=0.5 {<1). In addition, a high evenness, 1', and equitability Ep were recorded at the
sites of Pulau Redang. In terms of morphometrics, A. rhodestormum had the highest value of shell langth
{22.49+7.06 mm) and shell width {26.63+5.21 mm). No gastropods were found in Chagar Hutang and
Mak Simpan due to coral destruction caused by the cyclonic Pabuk storm in early January 2019.
Although it is a baseline, future research should also focus on parameters such as seawater temperature
and coral bleaching towards effects on coralliverous gastropods and interaction bebween gastropods

species.
Key Words: marine gastropods, recovery, islands, diversity test, morphometrics.

Introduction. Tropical coral reefs are diverse ecosystems that are home to around
830,000 marine species identified by scientists (Fisher et al 2015). Millions of people rely
on this complex ecosystem for their livelihoods, cultures, and food production (Eddy et al
2018). The benefits provided by coral reefs can be categorized into two types:
provisioning services, which include fisheries, cultural recreation, and tourism {Brander et
al 2007), and regulating services, such as coastal protection, which have been
extensively researched by scientists (Ferrario et al 2014). Coral reefs are not only
beautiful ecosystems, but they also play a crucial role as biclogical engineers and
keystone species. They create and maintain ideal conditions for the survival of a diverse
range of animals and plants in the shallow coastal ecosystem (Gillis et al 2014).
Peninsular Malaysia is located on the Sunda Shelf and within the coral triangle
region, the world's center of marine biodiversity with 627 species of corals recorded
{(Veron et al 2015). Malaysia's coral reefs are relatively shallow, and the climate is
influenced by the monsoonal wind system, namely the northeast monsocon (Mov-Feb) and
southwest monsoon (June-September) (Akhir 2012). Approximately 500 scleractinian
coral species are distributed over 4,006 km? (Praveena et al 2012). Branching Acropora
and massive Porites contribute with the highest percentage to the coral reef communities
in Malaysia's marine ecosystem (Safuan et al 2020). Anthropogenic activities, such as
destructive fishing, coral mining (Caras & Pasternak 2009), natural disturbances (e.qg.,
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extreme weather events), sedimentation (Fabricius et al 2005), and corallivory, pose
threats to coral reef ecosystems (Rice et al 2019) and have caused destruction to coral
reef communities on the East Coast islands of Peninsular Malaysia. Over 160 coral
predators, or corallivores, are known to prey on coral reefs (Rotjan & Lewis 2008). These
range from facultative consumers such as species from the Scaridae (parrotfish) (Turner
2020) and Cidaridae (sea urchins) (Glynn 2004) families to cbligate predaters such as
those from the Chaetodontidas (butterflyfish) (Feary et al 2018), Acanthasteridae
{crown-of-thorns starfish) (Pratchett et al 2017), and Muricidae (gastropods) families
(Gautrand et al 2023).

Ectoparasitic corallivorous gastropods are organisms that cause significant
damage to coral community, affecting its dynamics in different directions and at various
densities (Mumby 2009). Their feeding behavior leads to a reduction in coral cover, which
disrupts the ecosystem (Bruckner et al 2017). Coralliverous snails feed on coral reef soft
tissue, which sericusly hinders coral recovery (Kaullysing et al 2016). The first outbreak
of corallivorous gastropods from the family Muricidae, specifically genus Drupefla, was
first recorded in the early 1980s in the coral reefs of Southern Japan (Moyer et al 1982).
Since then, scientists have become increasingly aware of this issue because excessive
density of corallivorous gastropeds have a negative impact on coral cover (Bessey et al
2018). Previous studies indicate that most corallivorous gastropods primarily feed on
scleractinian corals with small polyps, such as Acropora, Montipora, and Pociflopora (Al-
Horani et al 2011). Among these, branching Acropora is the most preferred genus due to
its complex coral structures and design. It provides a larger surface area, sufficient
amount of living tissue to feed on, and a place to hide from predators, ocean currents,
and waves (Bessey et al 2018). After removing the soft tissue, Drupellz corallivorous
snails usually lay their egg capsules on the bare coral's skeleton (Scott et al 2017).
However, observations of the early life stages of snails are still minimal due to their
cryptic behavior and small capsule size (Sam et al 2016). Corallivorous gastropods
exhibit clustering behavior at different scales, ranging from a few individuals to three
million individuals per sgquare kilometer {Cumming 2009). This leads to population
outbreaks that significantly impact the coral reef ecosystem (Schoepf et al 2010).

This study conducted a thorough analysis of the diversity, abundance, and shell
characteristics of coral-grazing gastropod in Pulau Redang Marine Park, Malaysia. It
seryes as a valuable resource to enhance our understanding of mollusks, particulary
corallivorous gastropods, in Malaysia. Additionally, it addresses knowledge gaps related
to the potential threats these gastropods pose to the marine park.

Material and Method

Description of the study sites. The study was undertaken within Pulau Redang Marine
Park (PRMP), situated approximately 24 nautical miles away from the Terengganu
mainland. According to the Marine Park Malaysia Order of 1994, the waters encircling
several islands in the archipelago were officially designated as part of PRMP (Mamat et al
2013). PRMP's eastern coast boasts white sandy beaches, while its western coast is
characterized by rocky terrain adorned with diverse forest types (Mamat et al 2013). For
this study, five distinct sites were meticulously chosen: Chagar Hutang (CH) to the north,
Terumbu Kili {TK) to the south, Pulau Lima (PL) to the east, Pulau Kerengga Besar (KB)
to the southeast, and Pasir Mak Simpan (MS) to the west (Figure 1). Sampling activities
were carried out across these sites from the 16 to the 18" of July 2020.

Sampling method. Scuba divers conducted surveys along a 50 x 10 m transect within
coral areas situated at depths ranging from 8 m to 12 m at each designated sampling
site. Marine gastropods inhabiting these coral areas, specifically Acropora and Pocillopora
colonies, were systematically collected along each transect, adhering to the protocols
outlined by McClanahan (1997) and a preliminary survey. These methods were suitably
adjusted to align with the unique characteristics of the study area. To document the
presence or absence of both marine gastropods and their coral prey species, a series of
underwater photegraphs were taken. The gastropods observed at the sites were
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meticulously gathered using extended forceps to ensure minimal disturbance to the coral
colonies. Subsequently, these collected gastropods were placed within labelled plastic
bags and stored within an ice chest. Before undergeoing further morphometric analysis,
they were then transferred to a freezer set at a temperature of 4°C.
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Figure 1. Map of study sites; Chagar Hutang, Terumbu Kili, Pulau Lima, Pulau Kerengga
Besar and Mak Simpan at Pulau Redang, Terengganu, Malaysia.

Gastropod identification and shell morphometrics. To elucidate the authentic
external morphology, the shells of each gastropod were meticulously cleansed to
eliminate any extraneous sand and attached symbionts. Species identification was
pursued with the aid of awvailable literature's identification keys and online resources,
including World Register of Marine Species-WoRMS, Molluscabase and Hardy's Internet
Guide to Marine Gastropods, along with key references by Wells et al (2021) and Abbott
et al (1991). Quantitative shell morphometrics, encompassing measurements of shell
length {mm) and width {mm), were obtained using an electronic vernier calliper with
precision to two decimal places. Subsequently, each gastropod's wet weight was
ascertained utilizing an electronic balance, with due attention to the instrument's brand
and origin. For the determination of dry weight, gastropods were positioned on pre-
weighed aluminium foil sheets of suitable dimensions, which were then weighed again
employing an electronic balance. The samples were subsequently subjected to a drying
process within an oven set at 65°C for approximately five days to determine the dry
weight {g). To ensure consistency, the dry weight was recorded on day 3, 4, and 5.
Following the drying process, the gastropods were transferred to labelled crucible jars. An
ash oven was utilized to combust the gastropods at 450°C for a duration of 4 hours, after
which they were allowed to cool. Subsequent to cooling, the gastropods were carefully
removed from the crucible jars, and the shells were gently tapped to eliminate residual
ash. The individual's ash-free dry weight (g) was subsequently gauged using an
electronic balance. The Condition Index (CI) was calculated as the ratio of dry flesh
weight (g) to dry shell weight (g).

Data analysis. Statistical analysis was conducted to evaluate the species diversity and
richness within the studied area. The Shannon index was employed for calculating
species diversity, which can be represented as:
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Where:
H' - the value of the Shannon diversity index;
Pi=nifN - the proportion of the (i) th species;
ni - the number of individuals within the species;
N - the total number of individuals across all species within the samples.

An increase in the index wvalue signifies a rise in diversity. The Shannon index is
categorized into three levels: low (H'<2), moderate {(2<H'<4), and high (H'>4) (Odum &
Barret 2004).

The Simpson index, often used to quantify habitat biodiversity, assesses the
likelihood of randomly selecting two individuals belonging to different species from an
infinitely large community {(Simpson 1949). The Simpson diversity index (D) is calculated
as follows:

D=1-3(Pi)?

When (D) reaches 1, it signifies high diversity, while a value of 0 signifies low
biodiversity.

The Margalef index (Ma) and the Menhinck index {(Me) were applied to determine species
and abundance, as outlined by Hammer et al (2001):

Ma= (5-1)f In N
Me=s/N

Where:
5 - the number of distinct species within the sample;
N - the total count of individual organisms.

The Margalef index indicates the number of species per specified area or unit. The
Margalef and Menhinick indices are significantly influenced by the sampling effort and
provide valuable insights into biological diversity (Magurran 2021).

The organism species evenness was assessed using the Evenness index (1) and
Equitability index (Ep). The homogeneity or pattern distribution of species was
determined as follows:

1= Hf/H" max
Ep=HfIn (5)

Where:
H' - the Shannon diversity index;
S - the number of species.

A value of 1 indicates complete evenness, whereas a value of 0 suggests no evenness.
The analyses were executed using PAST (Paleontological Statistics wersion 32.3.3).
Additionally, the Frequency of Incidence (Fol) was estimated following the methodology
outlined by Rahmawati et al (2015), employing the equation:

Fol=Ni.Stf N.St x 100%
Where:

Ni.St - the total number of locations or study sites;
MN.St - the count of sampling locations.
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Results. A total of 177 individual marine gastropods, encompassing four distinct species,
were collected from three different locations on Pulau Redang: Pulau Kerengga Besar
(KB), Pulau Lma (PL), and Terumbu Kili (TK). These gastropods belong to two
subclasses, Vetigastropoda and Caenogastropoda, representing two families, Turbinidae
and Muricidae. Among the four species, namely Astralivm rhodostomum, Drupella
rugosa, Morula spinosa, and Tenguella marginalba, all were recorded in PL, while KB and
TK had three species sach, excluding A. rhodostomum (Figure 2, Table 1). D. rugosa
accounted for the highest number of individuals, with a count of 112 collected from the
three sites (KB, PL, and TK). The second most prevalent species was T. marginalba with
43 individuals, whereas M. spinosa and A. rhodostomum were represented by 12 and 10
individuals, respactively (Table 1, Figure 2). TK and KB exhibited a greater total number
of individuals, with 94 and 51 respectively, as compared to PL, whera the total count was
lowest at 32 individuals. The Frequency of Incidence (Fol) was mainly contributed by D.
rugosa, M. spinosa, and T. marginalba, collectively accounting for 60% of occurrences
across all three sites. Conversely, A. rhodestomum had the lowest Fol at 20%,
exclusively found in PL (Table 1). Motably, no gastropods were found at the other two
study sites, Chagar Hutang and Pasir Mak Simpan.

Despite being the least common species on Pulau Redang, A. rhodostomum
(Turbinidae) exhibited the longest and widest shell dimensions, with an average shell
length of 29 mm and width of 26 mm. In contrast, M. spinosa (Muricidae) displayed the
shortest and narrowest shells, with an average length and width of 16 mm and 11 mm,
respectively (Table 2). This trend is reflected in the wet and dry weight as well, where A.
rhodostomum had the heaviest average wet and dry weights at 10 g and 9 g, while M.
spinosa were the lightest, at 1 g and 0.9 g (Table 2). The Condition Index remained
similar across all recorded species, ranging from 1.07 to 1.12 (Table 2).

The Shannon diversity index (H') revealed low diversity at PL, KB, and TK, with
values of 1.237, 0.724, and 0.845, respectively. This pattern was consistent with the
Simpson index, which exhibited wvalues below one for all study sites, indicating low
dominance. However, considering relative abundance, the Margalef (Ma) and Menhinick
{Me) indices were higher in PL (Ma=0.866, Me=0.707) and KB (Ma=1.007, Me=0.687),
followed by TK (Ma=0.440, Me=0.309) (Table 3). In terms of evenness and equitability,
both PL and TK demonstrated wvalues closest to one, indicating high homogeneity (PL:
1'=0.861, Ep=0.892; TK: 1'=0.776, Ep=0.769). In contrast, KB exhibited lower values
(1'=0.413, Ep=0.450), suggesting a more naturally varied distribution.

Figure 2. Apertural and abapertural view of corallivorous gastropods at Pulau Redang. (A)
Drupella rugosa, 30 mm; (B) Tenguella marginalba, 24 mm; (C) Astrafium rhodostomum,
22 mm; (D) Morula spinosa, 15 mm.

AMCL Bioflu, 2024, Volume 17, Issue 3. 1030
httpz fwww. bioflux.comure/aad



Table 1
Abundance of coralliverous gastropods found in all different sites according to subclasses
according to subclass, family and species in Pulau Redang

Sites

Subclass Family Species KB P TK CH M5 Total {f,?‘r}
No. of individuals ind.fm) ‘7
- - Astrafium

Vetigastropoda Turbinidae rhodostomum - 10 - - - 10 20
Drupefla rugosa 41 14 57 - - 112 60
Caencgastropoda  Muricidae Morula spinasa 1 5 6 - - 12 60
renguella 9 3 31 - - 43 60

marginalba

Total individual(s) 51 32 94 - - 177
Total species 3 4 3 - - 5

KB=Pulau Kerengga Bssar, PL=Pulau Lima, TK=Terumbu Kili, CH=Chagar Hutang, MS=Mak Simpan. The total
number of individuals {n) and Frequency of Incidence (FoI) contributed by each species;’- indicates absence.

Table 2
Shell morphometrics; shell length {mm), shell width {mm), aperture length {mm),
aperture width {(mm), wet weight (g), dry weight (g) and Condition Index of corallivorous
gastropods following species and sample size (n)

Sheli Weight Condition
Species Length £ Width £ Wet weight Dry weight % index
s5.d. {n) s5.d. (n) + 5.d{n) s5.d {n}
Astralium 28.49+7.06 25.63x5.21 10.11+6.66 9.23+6.14 1.10+0.06
rhodostomum (10) (10) {10} (10) (10)
Drupella 28.00+2.25 15.09+1.31 3.81+0.84 3.71+0.73 1.12+0.19
rugesa (81) (81) (81) (81) (81)
Maorula 15.15+4.14 10.99+3.64 1.03+0.61 0.93+0.56 1.07+0.03
spinosa {(12) (12) (12} (12) (12)
Tenguelfa 17.09+ 6.59 9.80x3.77 1.12+1.22 1.08+1.17 1.10=+0.06
marginalba {43) {43) {43} (43) (43)
Table 3

Ecological indices of corallivorous gastropods in Pulau Kerengga Besar {KB), Pulau Lima
(PL) and Terumbu Kili (TK)

Indices
Sites Shannon Simpson Margalef Menhinick Evenness Equitability
H* D Ma Me T Ep
KB 0.724 0.372 1.007 0.687 0.413 0.450
PL 1.237 0.680 0.866 0.707 0.861 0.892
TK 0.845 0.520 0.440 0.309 0.776 0.769

Discussion. The study identified D. rugosa as the most abundant species, with a total of
112 individuals collected, constituting a significant proportion of the overall sample. This
species 1s known for its widespread distnbution and its frequent presence on shallow
reefs {(Cumming 2009). However, a study conducted in 2016 documented a considerably
higher count of 401 individuals across similar study sites on Pulau Redang Marine Park,
including Chagar Hutang (CH) and Mak Simpan (MK) {Baharuddin et al 2017). The recent
decline in the abundance of D. rugeosa observed in this study, accounting for nearly a
quarter reduction, signifies a noteworthy shift from the 2016 record. Malaysia, positioned
below the 50° latitude and proximate to the equator, is generally safeguarded from direct
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tropical storms (Gray 1868). This 15 attrnbuted to the weak Cornolis force near the
equator, which impedes the rotation of air masses (Gray 1968; Chang et al 2003; Zuki &
Lupo 2008). Nevertheless, an exception occurred in early January 2019 when the Pabuk
storm emerged in the South China Sea and the Malaysian Peninsula, imparting a post-
effect impact on Terangganu (Shariful et al 2020; Mohamad Basir et al 2022). Tropical
storms are recognized as one of the most formidable physical disruptors to coral reefs
{Lugo-Ferndandez et al 2004; Hongo 2018). The intense winds generated by storms like
Pabuk inflict extensive damage on coral reefs, including the breakage of branching corals,
dislodgment and remowval of large colonies, and sediment deposition, culminating in coral
mortality (Beeden et al 2015; Safuan et al 2020). This scenario has particularly impacted
D. rugosa, which predominantly preys on branching corals. The observed decline in their
numbers is a likely consequence of the depletion of food and shelter resources following
the disturbance caused by the Pabuk tropical storm on the coral reef ecosystem. In
addition, the aftermath of such disasters can trigger intraspecific competition among D.
rugosa adults for limited resources. In this context, the dominance of adult individuals
over available food and space sources may lead to increased mortality among juveniles
and intermediates. It is notable that D. rugosa typically deposits its egg capsules on
exposed coral skeletons (Sam et al 2017). However, the impact of the disaster has likely
disrupted this reproductive behavior, as the altered environment resulting from the storm
may not be conducive for adult D. rugosa to carry out this process during their spawning
months. With their habitat severely compromised, a study conducted by Saponar et al
{2021} echoes this concern, suggesting that the reduction in coral reef presence coupled
with heightened competition from algae could result in limited space for egg deposition.
Consequently, this disturbance-driven reduction in reproductive success could contribute
to the observed decline in the population of D. rugosa.

T. marginalba, the second most prevalent species encountered on Pulau Redang,
exhibited its highest population at Terumbu Kili (TK), amounting to 31 individuals. This
species stands out due to its distinctive characteristics, particularly its high-spired shells
that offer protection against adverse conditions (Baharuddin et al 2019). T. marginalba is
often observed along rocky edges and within crevices (Coulson et al 2011). Its presence
spans intertidal zones and wvarious depths within tropical and subtropical oceans,
encompassing environments such as coral reefs (Cahyadi et al 2021). The distribution of
this genus is notably influenced by factors including wave exposure, the abundance of
competitors, and the availability of food resources (Coulson et al 2011). T. marginalba is
recognized as a carnivorous gastropod, preying on barnacles, limpets, and oysters
{Wright et al 2018). This predation behavior aligns with its membership in the Muricidas
family, indicating adaptation to its prey consumption capacity.

M. spinosa, on the other hand, predominantly feeds on carrion, polychaetes, and
small mollusks, similarly to the dietary preferences of other muricid gastropod species
{Barco et al 2010). While the initial documentation of M. spinosa feeding on coral reefs
originated from Japan, this species is more commonly regarded as a coral scavenger than
a corallivore due to its feeding habits (Yokochi 2004). While M. spinosa does exist within
Pulau Redang, its population and distribution do not solely rely on the coral reef
community (Moerdand et al 2016). This stems from the fact that the species does not
exclusively rely on coral reef consumption, showcasing an ability to exploit alternative
prey sources (Titlyanov & Titlyanova 2009). M. spinosa are recognized as carnivorous
gastropods inhabiting the surfaces of coral reefs, where they zalso prey on small
herbivorous gastropods (Soekendarsi 2019). Morula genus frequently engaged in feeding
behaviors that involve drilling into sedentary or semi-maobile prey with the prey size often
smaller than the predator (Taylor 1976).

A. rhodostomum from Turbinidae family are conspicuous herbivorous gastropods
that are commonly found across intertidal and subtidal reefs (Worthington & Fairweather
1989). The peopulation and size distribution of turbinid gastropods on intertidal reefs
undergo alterations across environmental gradients that are associated with changes in
elevation {(Worthington & Fairweather 1989; Bruton et al 1991). In Pulau Redang, species
such as A. rhodostomum exhibit longer shell lengths compared to other marine reef
gastropods, likely due to their cone-shaped shells that enhance their survival in harsh
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environmental conditions (Chapman 1997). The notably high values of wet weight and
dry weight in A. rhodostomum suggest that the species' reproductive cycle is supported
by a plentiful availability of food and nutrients (Li et al 2011). Being a common coral
reef-associated gastropod, A. rhoedestemum plays a vital role as an algae grazer on coral
reef surfaces (Meyer et al 2005). This may be attributed to the higher percentage of
algae on coral reef surfaces in Pulau Lima (PL) in comparison to other sites, despite a
reduction in algae coverage in Pulau Redang following the Pabuk storm aftermath (Lee et
al 2020).

The Condition Index (CI) serves as a valuable tool for ewvaluating various
ecophysiological aspects such as reproduction, growth, mortality, parasitic infection, and
secretion, under specific environmental conditions to moniter the health of organisms
{Mercado-Silva 2005; Mladineo et al 2007). D. rugosa was found to fall within the “thin'
fitness category, indicating a resting gonad undergoing the gametogenesis phase (Rahim
et al 2012). In contrast, M. spinosa exhibited the lowest condition index, reflecting a
significant reduction in tissue weight and declining protein and lipid levels during the
spawning season (Sahin et al 2006). The ecological indices derived from this study
suggest that the diversity of marne snails within shallow coral reefs of Pulau Redang is
relatively low. The Shannon index (H') value can be interpreted according to the
classification proposed by Wilhm & Dorris (1996). A value below 1 indicates significant
pollution, a wvalue between 1.0 and 3.0 suggests moderate pollution, while a value
exceeding 3.0 represents 2 non-polluted environment. Based on this index, Pulau Redang
is categorized as experiencing moderate pollution. The analysis of diversity could be
influenced by natural physical disturbances such as the Pabuk storm, which caused
damages leading to subsequent declines in both the percentage and population of coral
reefs in Pulau Redang (Lee et al 2020). However, at both Pulau Lima and Terumbu Kili in
2020, the indices of Evenness (1) and Equitability (Ep) demonstrated a high level of
species evenneass. Gastropods from the Muricidae family have been observed to inhabit a
wide range of coastal and marine habitats (Radwin & D'Atilio 1976; Apte 1998; Mills et al
2007), including deep-sea environments (Egeorov 1993), rocky tide pools (Yamamoto
1997), cceanic coral reefs (Boucher 1986), and various latitudinal regions (Bouchet et al
2002). Muricidae gastropods also exhibit a tendency to aggregate and cluster together,
conserving water and body moisture to prevent dehydration (Zhang et al 2016). These
behavioral traits aid these murex snails in adapting and successfully surviving in
challenging environments {(Baharuddin et al 2018). Despite a decline in the number of M.
spinasa individuals recorded in Pulau Redang, the species remains present across all
three sites, with a Frequency of Incidence (Fol) of 60%. This finding 15 supported by their
smaller body size, which enables effective concealment in narrow spaces, enhancing their
ability to find shelter in adverse challenging environmental conditions {(Mochammad Basir
et al 2022). Nevertheless, the distribution of M. spinosa remains constrained by specific
environmental factors, including wave exposure, the presence of predators, scarcity of
food sources, and fluctuations in both air and sea temperatures (Kumbhar & Rivenker
2012).

The limited scientific information on the status of marine gastropods within
shallow coral reefs in Pulau Redang poses constraints on both current and future coral
reef conservation and management efforts. Conseqguently, conducting additional research
in the future is of paramount importance to attain a2 profound understanding of the roles
of marine gastropods, especially corallivorous gastropods, during phases of coral
mortality and recovery in Pulau Redang.

Conclusions. The diversity of coral-grazing gastropods in Pulau Redang is low, with
Shannon-Wiener index walues below 2. D. rugesa, a common corallivore, and A.
rhodostomum, which has the largest shell size, are notable species. The abundance of D.
rugosa decreased after the Pabuk storm in 2020, which caused significant coral damage.
This study provides essential data on marine gastropods in Pulau Redang, helping to
create a comprehensive list of corallivorous gastropods. Future research should also
examine the effects of seawater temperature, coral bleaching, and interactions between
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gastropod species. This research is crucial for monitoring and preserving coral reef
health.
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