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ABSTRACT

Intertidal gastropods provide numerous ecological benefits and are responsible for the dynamics of the intertidal shores
habitat and their community assemblages. This study examined the community structure of gastropods in the intertidal
shore located near the city of Kota Kinabalu, the capital of Sabah where coastal areas are rapidly developed for various
purposes and consequently destroying natural habitats. A total of 36 gastropods species from 15 families were recorded.
The Planaxis sulcatus was the most abundant species with a density of 480 ind. m followed by Nodilittorina
pyramidalis (182 ind. m) and Cellana radiata (97 ind. m) respectively. The number of species and their abundance,
are almost three times lower than the number ever recorded for intertidal shores located in non-urban areas or remote
locations. This suggests that the rapidly growing coastal urban areas is threatening the diversity and abundance of
intertidal gastropods. The density of gastropod (i.e. P. sulcatus & N. pyramidalis) was significantly (p<0.05) high at
the lower intertidal shore where slope gradient is steeper with rocks and crevices are the major component of substrates
compared to the upper or middle zone which is flatter and composed mainly of coral rubble and sand. Our study suggests
that gastropod communities in intertidal shores located adjacent to the urban areas are threatened especially by
anthropogenic factors such as frequent human visitations and modification of natural habitat. Future development in
the intertidal shore should minimise habitat destruction and should consider infrastructures that encourage gastropod
populations to grow and highlighting their ecological role for conservation reasons.
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INTRODUCTION

The gastropod assemblage is an important
component of invertebrates in the intertidal shore.
They provide a variety of ecological benefits and
are responsible for the dynamics of the intertidal
ecosystem and its assemblages (Miloslavich et al.,
2013). Some examples of their ecological
functions include controlling the overgrowth of
algae (Thompson et al., 1997; Wai & William,
2006), provide shells for hermit crabs (Laidre,
2011; Teoh et al., 2014), source of food for other
marine fauna as well as parasites, predators and
scavengers themselves (Menge, 1983; Boglio &
Lucas, 1997; Ray-Culp et al., 1999).

The intertidal shore habitat is subject to natural
abiotic and biotic factors that influence the
structure of gastropod community, in particular the
list of representing species, their diversity,
abundance and distribution along the vertical or
horizontal direction of the shores (Crowe et al.,

2000; Beyst et al., 2002; Khanam & Saher, 2018).
Human activities such as manipulation of the
intertidal shore for the construction of various
infrastructures, recreational areas and tourist
attractions (Murray et al., 1999; Crowe et al.,
2000), eutrophication of coastal area that induces
harmful algal blooms, and the introduction of non-
native species (Carlton, 1996; Ruiz et al., 2000;
Savini & Occhipinti-Ambrogi, 2006) are also
known to influence the community structure
(Brosnan & Crumrine, 1994; Thompson et al.,
2002).

Sabah (i.e. North Borneo) is one of the states in
Malaysia where the surrounding seawater is well
known for its mega biodiversity of flora and fauna
(Carpenter et al., 2011). However, to the best of
our knowledge, information on intertidal
gastropods is lacking although their ecological
roles is significant and should be conserved. At
present, high rates of development of the coastal
areas in the state of Sabah was observed, especially
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intertidal zones which are considered to have a high
commercial value for tourism activities. For
example, in Kota Kinabalu, the capital city of
Sabah, development rates are estimated to be more
than 20% per year mainly to meet the demands for
the tourism industry (Sabah Tourism, 2002;
Jakobsen et al., 2007). Other potential threat
includes invasions of alien species (Jackery et al.,
2016), sea-level rise and coastal erosion (Mohd-
Hanan et al., 2011).

This study examined species composition,
abundance, diversity, richness and evenness of
gastropods along the vertical zonation (i.e. upper,
middle and lower intertidal zones) in relation to
slope profile (height/elevation) and substrate types
of selected intertidal shores located near Kota
Kinabalu city. We anticipate that gastropod
communities in the intertidal shores located
adjacent to urban areas experienced anthropogenic
threats and thus will negatively affect their
populations compared to those located in remote
locations.  This information is imperative to
understand the impacts of urbanisation on the
gastropod community which is considered as
keystone species of intertidal ecosystems
(Rittschof & McClellan-Green, 2005).

MATERIALS AND METHODS
Study Area

Three sites of intertidal shore located near the city
of Kota Kinabalu were selected (Figure 1). Site 1
(6°2'16.90"N; 116°6'41.75"E) and Site 2
(6°2'2.29"N; 116°6'42.02"E) are located near
Universiti Malaysia Sabah (UMS) and are
separated by a sandy beach at a distance of about
1000 m. Another site, referred herein as Site 3
(5°54'3.23"N; 116°2'4.66"E), is located near Bukit
Vor in Putatan sub-district of Kota Kinabalu. All
sites are within a radius of less than 7 km from the
city centre and considered a natural intertidal shore.
This is in contrast to the intertidal shore located
close to the city centre which has been widely
developed for various types of infrastructure and
subsequently destroying natural habitats of
gastropods. The tidal range of Kota Kinabalu
varied between 1 m and 1.5 m (Malaysia Tide
Tables, 2012; 2013).

Field Sampling and Methods

At each sampling site, three transects
(i.e. triplicates) were established perpendicular
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to the shore using a survey tape starting from the
highest watermark to the lowest water level when
the water receded. The distance between replicates
is about 25 m but depends on topographic
conditions and accessibilities. Three quadrats (0.5
m x 0.5 m) were placed randomly at every 20 m
transect interval starting from the upper, middle
and lower intertidal shores. All live gastropod
species found inside the quadrats were identified
and counted on the field while the unidentified
specimens were taken to the laboratory for
identifications. All sampling was done when water
is receding to optimize the number of specimens
that could be found. However, strong water current
and steeper slopes prevent sampling at the lower
intertidal shore. A total of three consecutive
samplings was done for each sampling sites. All
samplings were conducted during spring tide
which was on the 14 March 2013, 15 April 2013
and 17 May 2013, respectively (Malaysia Tide
Tables, 2013). All specimens were identified to the
lowest taxa possible.

The slope profile of the intertidal shore was
estimated according to the method of Emery
(1961) and Wong (1981) with slight modifications.
Measurements were performed using the Auto
Level Topcon-AT G6 mounted on a tripod holder
and placed on top of a large rock (i.e. a permanent
object) at the upper intertidal shore and acts as a
reference point. A measuring tape was pulled
perpendicular starting from the tripod point until
the lowest watermark level. The height of the
tripod was recorded and the reading on the staff
taken at every 10 m interval along the transect. The
elevation differences between the Auto Levels and
staff define the drop of the intertidal slope profile
which was then recorded and analysed.

The types and percentage component of the
substrate inside the quadrats such as rocks, coral
rubble and crevices were estimated at every 20 m
interval of the transect. This was done by taking
photographs of the substrate inside the quadrats
using a digital camera (Canon G9-3.0). The
percentage component of the substrate was
estimated based on the total number of occupied
grid squares inside the quadrat and finally
summing up the total. A fully occupied square grid
would give a score of 10% and the total number of
a square box per quadrat is 100.

Computation and Statistical Analysis

The average density of individual gastropod was
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Figure 1. Location of the study site near the city of Kota Kinabalu on the west coast of Sabah (Borneo,
Malaysia). Site 1 and Site 2 are located near UMS while Site 3 is located near Bukit Vor

estimated at every 20 m transect interval as Eq. (1).

T x 1 m?
NXS

Density (ind. m?) = D
Where T is total number of individuals, N is
number of quadrate and S is Surface area of
guadrate.

The ecological indices namely the species
richness, Shannon-Wiener diversity index (H) and
Pielou Evenness index (J”) were estimated at every
20 m transect interval.

Computed species density data and the height
of intertidal slope were logarithmic [log10 (x + 1)]
transformed while the percentage composition of
the substrate was arcsin transformed. A Shapiro-
Wilk test was applied to determine the normality
and homogeneity of the data and results were not
normally distributed, therefore, all further
univariate tests were non-parametric. The Kruskal-
Wallis H test using One-way ANOVA was carried
out to determine the effect of intertidal zonations
(upper, middle and lower) on the density, intertidal
height gradient and percentage composition of
substrates. The significance level was set at
p<0.05. All statistical tests were performed using
SPSS for windows version23 software (IBM,
Armonk, NY, USA).

The Canonical Correspondence Analysis
(CCA) was used to summarise the correlation
matrix between the species densities of gastropods,
substrate types and slope profile of the intertidal
shore. Orloci’s chord distances were computed
instead of Euclidean distances to avoid the paradox
problem associated with the latter when species
abundance (density) data were used (Legendre &
Gallagher, 2001). Chord distances were computed
via a transformation program downloaded from
http://www.bio.umontreal.ca/casgrain/en/labo/tran
sformations.html. The program converts a matrix
of species density in such a way that the Euclidean
distance among rows of the transformed matrix is
equal to the chord distance among rows of the
original data matrix. The CCA of the average
species density was performed using the
CANOCO for Windows ver. 4.5.

RESULTS
Species Composition and Ecological Indices

A total of 36 species of gastropods from 15
families were recorded (Table 1). The Littorinidae,
Muricidae, Neritidae, Cerithiidae and
Columbellidae were among the most common
families represented by more than three species
each.
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Table 1. List of gastropods species and their average density along the upper, middle and lower intertidal zone of Site 1,
Site 2 and Site 3, respectively, computed at every 20 m interval of transects. The total averaged density (i.e. by species
and by transect intervals) and ecological indices namely species richness, diversity and evenness as well as the total
number of species found in each sites are shown. Species acronyms are given in parentheses.

Site 1 Site 2 Site 3 S
8
Up Mid Low Up Mid  Low Up Low o
@
Q,
Depth (m) 0 20 40 60 80 100 120 140 0 20 40 0 20 3
Angariidae
Angaria delphinus
(Ade) 0 0 0 0 0 0 0 0 0 0 1 0 0 1
Cerithiidae
Clypeomorus
batillariaeformis (Cha) 0 10 11 15 11 6 7 6 0 4 2 0 0 72
Cerithium zonatum
(Czo0) 0 4 1 4 7 3 2 1 0 0 0 5 32 59
Cerithium sp. (Csp) 0 2 3 17 6 0 2 0 0 0 0 5 0 35
Columbellidae
Euplica scripta (Esc) 0 0 0 0 0 0 0 4 0 0 1 0 0 5
Pictocolumbella
ocellata (Poc) 0 0 2 3 4 1 3 0 0 39 13 0 2 67
Pyrene testudinaria
(Pte) 0 0 0 0 0 0 0 1 0 0 2 0 0 3
Cypraeidae
Monetaria annulus
(Man) 0 0 0 0 0 0 0 0 0 0 3 0 0 3
Liotidae
Liotina peronii (Lpe) 0 0 0 0 1 1 1 0 0 0 0 0 0 3
Littorinidae
Littoraria articulata
(Lar) 1 0 0 0 0 0 0 0 1 0 0 0 0 2
Littoraria undulata
(Lun) 5 0 0 0 0 0 0 0 4 0 0 9 0 18
Echinolittorina
millegrana (Nmi) 1 0 0 0 0 0 0 0 0 0 0 0 0 1
Nodilittorina
pyramidalis (Npy) 12 0 0 0 0 0 0 0 6 0 0 62 102 182
Peasiella roepstorffiana
(Pro) 1 0 0 0 0 0 0 0 21 0 0 0 0 22
Lottiidae
Lottiidae sp. (Lsp) 5 0 0 0 0 0 0 0 0 8 0 0 64 7
Patelloida saccharina
(Psa) 1 0 0 0 0 0 0 0 0 12 0 0 24 37
Mitridae
Mitra decurtata (Mde) 0 0 0 2 0 0 0 0 0 0 0 0 0 2
Muricidae
Drupella margariticola
(Dma) 0 2 6 10 8 4 4 4 0 2 8 0 0 48
Tenguella granulata
(Tgr) 1 1 1 1 4 1 5 0 1 6 3 0 8 32
12
Morula musiva (Mmu) 0 0 0 0 1 1 1 0 0 1
Semiricinula sp. (Ssp) 0 2 2 5 6 0 0 0 0 7 1 2 2 27
Reishia bitubercularis
(Rbi) 1 0 0 0 0 0 21 0 0 7 8 0 4 37

Note: Up = Upper, Mid = Middle, Low = lower
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Table 1. Continue.....
Site 1 Site 2 Site 3 4
o
8
Up Mid Low Up Mid  Low Up Low %
@D
Q,
Depth (m) 0 20 40 60 80 100 120 140 0 20 40 0 20 3
Neritidae
Clithon oualaniense
(Cou) 0 0 0 0 0 2
Nerita albicilla (Nal) 0 0 0 1 0 1
Nerita chamaeleon
(Nch) 0 1 0 0 0 1 0 1 0 0 0 2 3 5
Nerita squamulata
(Nsq) 0 0 0 0 0 0 0 0 2 2
Nerita litterata (NIi) 0 0 0 0 0 0 0 0 1 1
Nacellidae
Cellana radiata (Cra) 9 0 0 0 0 0 7 0 0 11 1 6 63 97
Cellana testudinaria
(Cte) 0 0 0 0 0 0 0 0 0 0 0 0 1 1
Planaxidae
Planaxis sulcatus (Psu) 0 0 0 0 0 0 0 0 314 166 480
Supplanaxis niger (Sni) 3 0 1 0 0 3 0 0 0 0 7
Trochidae
Monodonta labio (Mla) 0 0 0 0 0 0 0 0 1 0 0 0 0 1
Trochus maculatus
(Tma) 0 0 0 0 0 0 0 0 0 0 1 0 0 1
Chilodontidae
Euchelus atratus (Eat) 0 1 0 0 0 0 0 0 0 0 0 0 0 1
Turbinidae
Lunella cinerea (Lci) 0 0 0 0 1 2 0 1 0 0 0 0 0 4
Turbo intercostalis
(Tin) 0 0 0 1 0 0 0 0 0 0 0 0 0 1
Total density (by R
transect intervals) 40 23 26 58 50 20 53 19 37 97 45 410 478
Species Richness 11 8 7 9 11 9 10 8 7 10 13 11 13 -
Diversity Index (H') 196 171 160 182 213 195 188 179 135 189 212 0.86 1.83 -
Evenness Index (J') 082 08 08 083 08 089 08 08 070 082 083 0.36 0.71
Total number of 28 21 19

species (by site)

Note: Up = Upper, Mid = Middle, Low = lower
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Figure 2. Relative abundance (i.e. percentage) of gastropods along the upper, middle and lower intertidal zone starting
from the highest to the lowest watermark level of (a) Site 1, (b) Site 2 and (c) Site 3. The slope profiles (i.e. height /
elevation) are indicated in solid line and percentage composition (%) of substrate types are shown in the pie chart
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Figure 3. CCA biplot showing the distribution of gastropod species (filled dark circles) with environmental predictors
(arrows) namely rubble (coral), sand, rock, crevices and height (elevation) of the intertidal shore. Species that were not
preferentially associated with the environment predictor concentrated on the top left-hand side of the diagram (dotted

line circle)

The Clypeomorus batillariaeformis,
Cerithium zonatum, Pictocolumbella oscillate,
Drupella margariticola, Tenguella granulata,
Morula musiva and Reishia bitubercularis can be
found either in the upper, middle and lower
intertidal zones of each study sites. In contrast
Angaria delphinus, Monetaria annulus, Clithon
oualaniense, P. sulcatus and Trochus maculatus
found mostly in the lower intertidal zone especially
in both Site 2 and Site 3.

The total abundance of gastropod fluctuated
throughout the upper, middle and lower zone of
intertidal shores (Tablel). In Site 1, it was

significantly (p<0.05) high at the middle (58 ind.
m-2) than at the upper (23 ind. m) or lower (19 ind.
m-2) intertidal zones. Similarly, it was significantly
(p<0.05) high at the middle (97 ind. m®) than at the
upper (37 ind. m?) or the lower (45 ind. m?)
intertidal zone of Site 2. However, in Site 3 there
was no significant (p>0.05) difference between the
upper (410 ind.m?) and the lower (478 ind. m?)
intertidal shore.

The species richness along the intertidal shore
ranged between 7 - 13. The highest was at the lower
intertidal zone of both Site 2 and Site 3,
however, this was not significantly (p>0.05)
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different to those at the upper or mid-zone. In Site
1, species richness varied between 7 and 11.

The highest diversity index (i.e. 2.04) at the
middle zone of Site 1 was significantly (p<0.01)
high than at the upper (1.71) and lower intertidal
zone (1.79). In both Site 2 and Site 3, the diversity
index was significantly (p<0.05) high at the lower
zone (i.e. 2.12) compared to the upper intertidal
zone. The evenness index (J') had a similar pattern
to the diversity index, however, there was no
significant (p>0.05) difference between the upper,
middle and lower intertidal shore for all study sites.

Effect of Beach Slope Profiles and Substrate
Types on Gastropod Community

In Site 1, the height of the intertidal slope decreased
significantly (p<0.05) from 0.96 m at the upper
watermark (0 m) to 0.48 m at 10 m transect interval
(Figure 2a). This upper zone mainly consists of
rocks (60%) (p<0.05) and crevices (30%)
substrates. The dominant species were Cellana
radiata (31%) and N. pyramidalis (39%) which
was significantly (p<0.01) high compared to their
abundance at the middle or lower intertidal shore.
There was no further significant (p>0.05) drop in
the gradient height until at 140 m transect interval
whereby coral rubbles (82%) (p<0.05) were the
major component of the substrates. This gently
sloping intertidal zone is inhabited mainly by C.
batillariaeformis with a total percentage
abundance of nearly 60% (p<0.01) compared to its
abundance at the lower or upper intertidal shores.

In contrast to the relatively gentle slope of the
intertidal shore at Site 1, both Site 2 and Site 3 have
a steeper gradients height. In Site 2, the height of
the intertidal slope dropped significantly (p<0.05)
from 1.06 m at the upper watermark (i.e. 0 m) to
0.42 m at the middle (i.e. at 20 m transect interval),
and followed by a drastic drop (p<0.05) to 0.04 m
height at the lower zone (i.e. at 40 m transect
intervals) (Figure 2b). The main substrate types are
rocks (i.e.> 50%) and crevices (>30%) with a total
percentage that was significantly high (p<0.05)
compared to the other substrate types. The
dominant species was Peasiella roepstorffiana
with a percentage abundance of nearly 80%
(p<0.05) compared to its abundance in the middle
or lower zones. The Pictocolumbella ocellata was
more abundant at the middle and lower zone where
rocks are the major component of the substrates.
The height of intertidal shores at the upper
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watermark (i.e. 0 m) to 0.38 m at the lower shore
(i.e. 20 m) (Figure 2c). The major component of
substrates are rocks (63%) (p<0.05) and crevices
(>30%) while the dominant species was P. sulcatus
with significantly (p<0.05) high abundance at the
upper (80%) than at the lower intertidal shore (i.e.
<50%).

Relationship between Gastropod Community
and Environmental Variables

The canonical correspondence ordination diagram
plots the species scores with environmental
predictors namely substrate compositions (i.e. coral
rubble, sand, rock and crevices) and height
(intertidal slope gradient) starting from the lowest
watermark of intertidal shore (Figure 3). The arrow
points to the maximum change in the value of the
associated environment variables, while the length
is proportional to this maximum rate of change (Ter
Braak & Verdonschot, 1995). The eigenvalues for
the first and second axis is 0.598 and 0.320
respectively. The species-environment correlations
yielded by these axes were 0.850 and 0.746 with
cumulative percentage variances of 53% and 82%
respectively. This was reinforced by the Monte
Carlo test (f=6.199, p=0.002) that indicated a
significant correlation between environmental
variables and the distribution of species abundance.
The Monte Carlo test on the overall canonical test
also showed statistical significance (f=3.056,
p=0.002).

A substrate made of sand and rubbles were
closely associated, while rocks and crevices fairly
associated. Species favouring coral rubbles and
sandy substrate were Cerithium sp., C.
batillariaeformis, D. margariticola, C. zonatum,
Lunella cinerea, Nerita chamaeleon and Turbo
intercostalis. On the other hand, species favoring
rocks and crevices were P. sulcatus, Cellana
testudinaria, Patelloida saccharina, Lottiidae sp.
and C. radiata. The C. oualaniense, Supplanaxis
niger, N. squamulata, N. litterata and N.
chamaeleon were closely associated with the height
of intertidal shore, preferentially at the upper zone.
Species that are not preferentially associated with
environment predictors concentrated at the top left-
hand side of the diagram. These are T. granulata,
P. ocellata, Semiricinula sp., M. musiva, Liotina
peronii, Mitra decurtata, A. delphinus, M. annulus,
Euplica scripta, T. maculatus and Pyrene
testudinaria which can be found at the upper,
middle and lower intertidal zone of all sites.



Madin et al. 2021

DISCUSSION
Gastropods in Urban Areas

Several studies on intertidal shore gastropods in
neighbouring areas reported varying numbers of
representative species and their abundance. Mohd-
Long et al. (2014) reported at least 33 species of
gastropods along the coast of Pulau Sampadi
Sarawak (Malaysia) while Marshall et al. (2017)
reported 32 species in the intertidal shore of Pulau
Punyit Brunei, both of which are comparable to the
number of species in this study. In the Grand Island
Subic Bay of Philippines, Batomalaque et al.
(2010) reported at least 86 species from 24 families
while in the Anambas and Natuna archipelagos,
Tan and Kastoro (2004) identified 91 species from
24 families but their study also included empty
gastropod shells. In Sichang Island, Thailand,
Samakraman et al. (2009) found less than 10
species representing at least six families.

The abundance of intertidal gastropods in the
present study is relatively low compared to the
number ever reported in other intertidal areas
located around Borneo Island. For example, the
highest density (i.e. 480 ind. m?) of the dominant
species such as P. sulcatus in the present study is
three times lower compared to the density (i.e.
1500 ind. m?) of dominant species namely
Littorina pyramidales and Nodilittorina milgrana
in Sampadi Island Sarawak as reported in Mohd-
Long et al. (2014). The density of other species
such as Clypeomorus spp., Thais kieneri and Lopha
spp. were also high in Sampadi Island Sarawak
with more than 100 ind. m? (Mohd-Long et al.,
2014. However, these species were either very few
or not found at all during the course of our study.

Several factors may influence the population of
intertidal gastropods in particular the number of
representing species and their abundance. In this
study, a relatively low number of species and
abundance may be due to the location of intertidal
shores located close to the urban areas and thus are
prone to various anthropogenic factors such as
human visitations and the modification of the
surrounding habitat. High accessibility to human
visits threatening the population of intertidal
invertebrates (Keough et al., 1993; Roy et al.,
2003; Rius et al., 2006) and is particularly
responsible for the depletion of species number and
abundance of gastropod (Brosnan & Crumring,
1994; Huang et al., 2006). Human activities such
as walking and overturning of boulders will cause
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trampling and reduce habitat complexity of marine
plant and other macroalgae which serve as shelter
as well as food for gastropods (Hayward, 1980;
Duffy & Hay, 1991; Ilken, 1999; Molina-
Montenegro, 2005; Presscot, 2006; Van De
Werfhost & Pearse, 2007; Istiglal et al., 2018).
This is in contrast to the intertidal shore located far
from the urban areas where human visitation is
limited and thus can reduce the negative impact on
the natural habitat of gastropods (Best et al., 2014;
Istiglal et al., 2018). Indeed, it has been proven that
effectively protect intertidal communities from
anthropogenic pressures such as human visitation
will  ultimately maintain  existing species
biodiversity (Keough et al., 1993; Roy et al.,
2003; Riusetal., 2006; Dutton & Benkendorff,
2008). This further suggests that minimum
anthropogenic threats are likely to contribute to
high species diversity and abundance of gastropod
in remote areas such as in Sampadi Island (Mohd-
Long et al., 2014) and Natuna archipelagos (Tan &
Kastoro, 2004) compared to their population in the
urban areas such as in Kota Kinabalu city.

The harvesting of gastropod for food and other
uses may also affect the diversity and abundance of
intertidal gastropods in the densely populated
urban areas of Kota Kinabalu. This could be true
since locals were commonly seen collecting
gastropods during our sampling. The possible
effect of gleaning was particularly obvious on
Neritidae where only five species with an average
density of fewer than five individuals were found.
Neritidae are common in the intertidal shore
throughout Malaysian waters (Abbott, 1991; Siti-
Balkhis et al., 2014) and many species especially
the large size individuals are collected for food
(Cheng et al., 2012). The gleaning of mostly large
size and mature individuals would compromise the
reproductive ability and consequently their
populations (Duran & Castilla, 1989; Smith &
Murray, 2005).

Nonetheless, different sampling strategies such
as sampling frequencies, size of sampled area and
number of replicates also may contribute to the
inconsistency of findings among the cited
literature. In this study, sampling at the lower
intertidal zone of both Site 2and Site 3 is difficult
due to the steeper slope and strong water currents.

Vertical Distribution of Gastropods

The average slope gradients of the sampled
intertidal shores are different, both Site 2 and Site
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3 are steeper compared to Site 1 and this likely
influenced the distribution of gastropods along the
upper, middle and lower shore. According to
Raffaelli and Hawkins (1999), steeper intertidal
shore experiences high vertical gradient pressures
of abiotic and biotic factors that will decrease from
the upper to the lower zone and in turn drive an
increase in the invertebrate population at the lower
intertidal zone. This is true in both Site 2 and Site
3 where the species richness (i.e. 13), the diversity
index (i.e. 2.53) and abundance of gastropod are
increasing towards the lowest intertidal zone
attributable to the tolerable abiotic stress such as
temperature, desiccation, osmotic imbalance and
cessation of feeding (Underwood & Denley, 1984;
Peterson, 1991; Bertness et al., 1999; Bagur et al.,
2019). On the other hand, gentle sloping of the
intertidal shore in Site 1 likely influenced
patchiness distributions along the upper, middle
and lower shore (Knox, 2001).

Gastropods are likely to have their preferred
niche along the upper, middle or lower intertidal
shore and this is influenced by the degree of the
slope gradients. For example, the dominant species
at the upper zones differed among the three sites,
in Site 1 it was N. pyramidalis and C. radiata while
in Site 2 and Site 3 it was Peasiella roepstorffiana
and Planaxis sulcatus, respectively. In Teluk Aling
Malaysia, Nodilittorina sp. and Littoraria sp. were
mostly found at the upper intertidal shore (Ahmad
et al., 2011) and similarly, E. malaccana was
found mostly at the upper intertidal shore of
Sichang Island Thailand (Samakraman et al.,
2009). This suggests that common species at the
upper intertidal shore vary depending on the
topographical conditions, geographical location
and to some extent anthropogenic factors
(Chapman, 1994; Chapman & Underwood, 1994).
Although the upper intertidal species have the
adaptations to survive extreme environmental
conditions such as desiccation (Sokolova et al.,
2000; McMahon, 2001; Khanam & Saher, 2018),
their abundance is usually lower than at the lower
intertidal shore. This indicates that human
visitation at the upper intertidal shore would cause
disturbance to the habitat especially algal cover and
other sessile invertebrates which serve as
ecosystem buffers for gastropods (Bertness &
Leonard, 1997; Bertness et al., 1999; Bagur et al.,
2019). There were very few algae and sessile
invertebrates found on the upper intertidal shore of
the selected sampling sites in the present study.
Species typically found in the middle zone of the
intertidal shore were different among each site. In
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Site 1, these were D. margariticola, C.
batillariaeformis and Cerithium sp. while in Site 2
it was the Pictocolumbella ocellata. According to
McMahon (2003), gastropods at the middle
intertidal zone are subjected to predictable tides and
thus preventing extensive desiccations for active
foraging activities.

Apart from this, their adaptations for aquatic
and semi-aquatic life along with high recruitment
rates may allow them for a broader distribution
range along the upper, middle and lower intertidal
zone (McMahon, 2003). Thus, most of these
species can be found in the upper or lower intertidal
zone of each sampling sites.

Although the lower intertidal zone was partly
inundated by the tide, many species can be found
attached to the rocks. These including
Clypeomorus batillariaeformis, Euplica scripta
and Drupella margariticola in Site 1,
Pictocolumbella ocellata, Reishia bitubercularis
and D. margariticola in site 2 while P.
sulcatus and C. radiata found mostly in Site 3.
Interestingly, these species were also found at the
upper or middle zone, suggesting their wide
distribution range attributes to the abilities to adapt
to a fully or a semi-aquatic life. According to
McMahon (1988; 1990) gastropods at the lower
shore are rarely exposed to air and have adaptations
associated with purely aquatic life or with some
species that may belong to subtidal biotas or the
overlap of intertidal and subtidal (Scrosati et al.,
2011). Apart from their physiological adaptation,
the presence of other organisms as ecosystem
buffers also may protects gastropods from
predators (Menge & Lubchenco, 1981; Pinn et al.,
2008; Bagur et al., 2019). There were numerous
other organisms that can be found at the lower
intertidal shore especially in Site 2 and Site 3 and
this likely compliment as a habitat and food source
for gastropod and certainly contributes to the high
abundance.

Substrate Preferences of Gastropods

The number of gastropod species is more diverse
on rocks and inside the crevices compared to other
types of substrates. For example, the high
composition of rocks (i.e. >60%), the species
richness (i.e. 13) is much high compared to the
number found in sandy substrates. Several studies
have reported a high number of species on rocky
substrates compared to other types of substrates
such as sand dominated intertidal shore including
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Beck (1998), Tan and Kastoro (2004), Mohd-Long
et al. (2014) and even more species can be found
near to the rock bases (Ryu et al., 2012) in
particular the large rock ledges (Sutherland, 1990)
as was observed in the present study. The
suitability of rocks as habitats is primarily
attributed to their complexity such as overhangs,
crevices and rock pools that provide shelter as well
as food for the diverse gastropod species (Beck,
1998; Raffaelli & Hawkins, 1999). Indeed, species
diversity and evenness of intertidal invertebrate’s
community are positively correlated with habitat
complexity (Kassen, 2002; Charles et al., 2011)
where the more diverse, complex and persistent
habitats are limiting factors for their settlement,
recruitments and addition to conspecifics and
chemical cues (Lavorel, et al., 1999; Stachowicz,
et al., 2002; Charles et al., 2011).

Apart from the effect on species richness, the
type of substrates also influences the abundance of
gastropods. The density of C. zonatum, N.
pyramidalis, Lottiidae sp., C. radiata and P.
sulcatus were significantly high at the lower
intertidal zone where rock is the major component
of substrates. Referring to the ordination of species
and environmental predictors in Figure 3, the
density of these species are strongly associated
with rocks and crevices substrate. This shows that
both rocks and crevices substrate tends to attract a
high abundance of gastropods owing to its
complexity and stability of the habitat (Underwood
& Chapman, 1989; Chapman, 1994; Chapman &
Underwood, 1994). Based on field observations,
small-sized gastropods tend to hide in narrow
crevices especially at the lower bottom of rocks. In
contrast to the rocky substratum, coral rubble and
sand are lack complexity and stability for
gastropods (Batomalaque et al., 2010) as observed.
Site 1 wherein coral rubble and sands are the main
substrates and appeared to support less abundance
of gastropods compared with other sites in this
study.

CONCLUSION

The number of species and abundance of
gastropods in the intertidal shore located adjacent
to the urban area is substantially low compared to
intertidal located in remote areas where
anthropogenic activities such as human visitation
and modification of surrounding habitat are
minimum. The topographical conditions of the
intertidal shore determine the distribution pattern
along the upper, middle and lower intertidal zone
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where the steeper the intertidal slope with rocky
substrates, species richness and density of
gastropods are likely to increase. Future
development plan of intertidal shores in urban
areas should take into account the factors that
encouraged the settlement of gastropod
populations and minimise the damage of their
natural habitat. More information is needed to
understand how habitat alteration would critically
affect the populations, meantime conservation
efforts should highlight their significant ecological
roles.
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